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Th£  aim  and  scope  of  this  volume  is  perhaps  sufficiently  indicated 
in  the  title-page.  It  is  intended  to  comprise,  in  a  clear  and  com- 
prehensive form  for  popular  reference,  a  dictionary  of  all  terms  used 
in  the  application  of  science  to  the  useful  arts.  It  is  believed  that 
a  manual  of  this  kind — sufficiently  full  in  its  details  for  ordinary 
purposes,  and  accurately  posted  up  to  the  present  time,  yet  in  a 
comparatively  moderate  compass — will  meet  a  very  important  want 
in  this  country,  which  is  yet  unfilled  by  the  larger  and  more  expen- 
sive works  already  before  the  public. 

The  number  of  new  inventions  of  various  sorts  constantly 
brought  forward  in  the  United  States  is  so  enormous,  and  the  propor- 
tion of  those  which  prove  really  valuable  is  so  small,  that  it  would  be 
needless  in  a  volume  like  this  to  attempt  any  thing  more  than  a 
reference  to  the  most  important  and  established  improvements.  The 
number  of  applications  for  patents  in  the  year  1849  was  1955, — 
of  which  1066  were  granted.  The  editor  of  this  volume  has  endea- 
vored to  condense  in  its  pages  as  much  practical  information  as  the 
limits  of  the  work  would  admit,  from  various  recent  sources,  such 
as  the  reports  of  the  Patent  Office,  and  the  scientific  periodicals,  as 
well  as  from  the  standard  works  of  Brande  and  Uro.  He  has,  in 
short,  combined  the  best  foreign  information  at  prescMit  accessible 
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with  the  latest  details  of  the  progress  of  the  Useful  Arts  in  the 
United  States. 

In  some  few  instances,  this  work  contains  topics  which  are  also 
treated  of  in  the  other  volumes  of  the  series :  but  in  this  volume 
practical  details  are  given,  while  the  others  are  intended  to  give 
merely  the  scientific  definitions. 

It  is  not  to  be  supposed  that  infallibility  is  claimed  for  a  com- 
pilation of  this  kind.  Every  care  has  been  used  to  secure  accuracy, 
but  the  publisher  will  still  be  glad  to  avail  himself,  in  future  edi- 
tions, of  all  useful  suggestions  and  corrections  with  which  he  may 
be  favored. 
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ACETATE.  A  Hiiliiw;  compouud 
formed  bv  the  union  of  an  ulkaii,  or  an 
earth  witfi  Acetic  Acnn. 

ACETIC  ACID.  The  Boiir  principle 
of  vinecfar.  This  acid  occurs  in  t lie  vejfc- 
tablc  kingdom  in  the  elder  and  some 
varietieR  of  rhns.  It  exists  in  the  pns- 
trio  juice  and  otlier  animal  secretions. 
When  vepetable  matter  is  distilled  in 
close  vessels,  this  ueid  is  fdwavs  oiie  of 
the  products.  Alcoholic  litjuicls  are  ca- 
ptible  of  producing  acetic  arid,  and  i*^  is 
the  last  staffc  in  the  fermentation  of  many 
vcsrctablc  bodies  containintr  starch  or  sn- 
par — aa  paste,  &q.  Pyroliirneous  acid  is 
acetic  a<nd  derived  fn)m  wood — for  the 
manufacture  of  which  sec  under  that 
head.  The  purest  acetic  acid  is  that 
made  by  the  oxydatiou  of  alcohol.  The 
oxvdation  is  produced  bv  the  action  of 
the  atmosphere.  In  (4en!i5iny,  where 
this  prr>cess  was  first  ad(ij>te<l,  the  alco- 
hol was  exposed  in  ver^'  lar^e  surface 
to  the  action  by  bcin^  made  t«>  trickle 
alonj?  the  shavinsrs  of  wood.  Thc-^c  were 
placed  in  a  deep  barrel,  perforated  at  the 
»i«les  with  a  number  of  holes  so  that  free 
access  of  air  to  the  inside  of  the  vessel 
was  etfected ;  on  the  upper  part  of  the 
barrel  wart  a  raised  rim  capable  of  liold- 
ing  a  certain  head  of  alcohol,  and  the  np- 
jier  end  of  the  barrel  was  perforated  with 
a  few  fine  apertures  so  that  the  alcohol 
miirht  slowly  stream  down  on  the  shav- 
inirs ;  it  was  thus  exytosed  to  a  larpe 
quantity  of  air  constantly  renewed,  and 
by  the  time  it  reached  the  bottom  of  the 
vessel  it  wa.s  converted  into  vinccrar,  or 
dihite  acetic  acid.  It  wjuh  drawn  otf  bv 
a  cork  fnmi  the  lower  part  of  the  barrel, 
placed  in  a  still  and  distilled  with  a  pcn- 
tle  heat ;  the  portions  which  come  over 
first,  contain  trie  acetic  acid. 

A  prcat  improvement  on  this  process 
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has  been  the  substitution  of  Bponjry  pla- 
tinum (sec  Platinum)  for  the  wood  shav- 
insrs.  The  principle  in  l)oth  i»  the  same, 
being  the  oxydation  of  alcohol  by  the 
air.  Into  a  larjre  case  of  wood  with 
glass  sides  or  windows  for  observintr  the 
process,  and  fitted  with  sliclvcs  witliin  a 
few  inclies  of  each  other,  is  placed  n 
number  of  saucers  filled  with  (ho  alco- 
hol, and  over  each  saucer  is  susf)cnded 
a  small  portion  of  the  black  platinum 
powder.  The  quantity  of  alcohol  in  the 
saucers  varies  with  the  dimensions  of 
the  case;  100  ciihic  inches  of  air  being 
(capable  of  oxydizinjr  11  grains  of  abso- 
lute alc<)h(»l,  and  converting  it  into  12"2 
of  absolute  acetic  acid  and  fit  grains 
of  water.  Tlie  case  must  now  be  warm- 
ed up  to  f^u^  Fahr.  by  solar  or  arti- 
ficial heat  and  the  alcohol  induced  to 
evaporate  otf  the  saucers  by  some  lead- 
ing points,  as  strings  or  folds  of  paper 
set  endways  in  the  liquid  :  in  a  short 
time  the  temperature  inside  the  box 
rises ;  vapors  tonn,  condense  on  the  in- 
side, and  roll  down  to  the  bottr>ni.  This 
j  process  continues  solonix  as  there  is  any 
j  oxygen  of  the  air  in  the  vessel  uncon- 
PUHied:  now  and  then  fresh  supplies  of 
air  arc  needed — S  oz.  of  the  j)hitinum 
powder  will  in  a  day's  work  convert  one 
pound  of  alcohol  into  acetic  acid.  The 
ehanjrc  arises  from  the  absorption  of  oxy- 
gen from  the  air,  and  its  union  with  tlie 
elements  of  alcohol,  which  results  in  the 
fonnation  of  acetic  acid  and  water.  By 
the  chemist  the  chnnfjc  is  expressed  by 
the  fornmla :  alcojiol  ('^  lis  ()2  -]-  ( )4  from 
air—  C*  IP  03  acetic  acid  -\- P,  U  O  wa- 
ter. IIciicc  1"»'»  parts  of  alcohol  absorb 
nearly  01'  parts  (»t  oxnl'cu,  and  llicrc  arc 
pro(lncc«l  nearly  111  j)arts  of  acetic  acid 
I  and  oS  [)art->  ofwatcr.  Stronir  acetic  acid 
is  also  made  V.y  di.-tillin;;  crvstalied  bin- 
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ncotate  copper  (verdigris)  in  close  ves- 
sels at  a  higli  heat.  It  can  also  bo  mndo 
by  distilling  aceUito  of  potass  and  acetate 
oi'lcad  (sugar  of  lead)  with  oil  of  vitriol. 
In  itfl  purest  state  it  is  united  with  an 
atom  of  water,  and  has  a  specific  gravity 
of  1*063.  It  is  caustic  on  the  tongue  and 
to  the  skin:  it  is  used  as  a  scent,  and 
when  essential  oils  are  added,  constitutes 
the  aromatic  vinegar.  It  dissolves  cam- 
piior,  crluten,  resins,  gum  resins,  fibrine, 
and  alhuinen. 

ACETONE.  A  term  for  pyro-acctic 
spirit. 

ACIDS.  A  cliL-^s  of  chemical  substances 
rcnmrkable  for  their  sour  tai»to  and  their 
readiness  to  unite  with  alkulics  and  earths 
to  form  salt** :  there  are  many  hundred 
aCicb*,  distributed  in  the  tiireu  kingdoms 
of  nature.  With  one  exception  they  red- 
den vegetable  blue  colors,  a.s  blue  e^ibbiigc 
and  litnnis.  Some  exist  naturally  in  tiie 
mineral,  animal,  and  vegetable  world, 
and  some  arc  the  result  of  ehemioiJ  pro- 
cesses :  a  few  are  solid  bodies  and  some 
gjLseous,  but  the  greater  number  are  in 
the  liquid  form. 

ACTINOLITE.  A  hornblend  mineral 
of  a  {^rcen  tint,  and  crystallized  in  slender 
needle  prisms. 

ADIPOCIKE.  The  change  which  flesh 
undergoes  after  death  when  placed  in 
ciromnstnnces  where  putrcfacticm  does 
not  proceed  in  the  ordinary  way.  In 
Paris,  when  in  the  latter  oiiartor  of  the 
liust  century  the  dead  bodirn  wire  re- 
moved t'nnn  the  I/nnxi  ntf<  to  the  Cata- 
combs, th(<se  wliii'h  la>  in  a  jiit— to  the 
number  of  l.^oo,  in  e<>lliiis  j.ac'kcd  i-h'sc 
to^'i'tl.er — had  tlieir  tlcsh  e«>iiMTt«.d  into 
a  white  fatty  soap  :  it  ri'seiii>»led  spernia- 
citi,  and  uas  named  ailipocire  by  I'Our- 
croy.  Chevre-ul  fmuid  it  to  l)e  made  up 
of  fatty  acids.  Moisture  ai'jx'ars  to  bt- 
necessary  to  j»roduoe  this  suiistanoe,  as  it 
is  not  produced  in  dry  earth  :  and  it  is 
very  doubtful  if  it  be  formed  from  the 
muscle  of  man,  but  rather  some  aiti  ra- 
tion of  tlie  tat  aetually  exi>tinj^'  in  the 
bodv  at  the  time  of  ik-atli. 

A'DUL A K 1  A.     A  variety  of  tVIspar. 

AFFINITY.  A  term  denoting'  the  force 
of  ehemiciJ  attrai'ti<»n  by  which  •li>>imi- 
lar  bodies  are  brought  into  union  and 
retained  so.  It  is  distinL'uishcd  from 
cohesion,  which  is  exerted  I letuccn  hotbcs 
of  a  himilar  nature.  CoJiesi<ni  is  a  fortc 
antaironistic  to  allinity.  ami  t'>r  two  .li>- 
similar  siihstances  to  unite  it  is  nece>- 
S!ir\  that  one  of  them  sle.uM  he  tluid: 
if  both  }>o  tiui'l,  allinity  come-i  into  j>la\ 
more   readilv,  tis  in  the   e;ise  of  allo\rt:  , 


dissolving  the  substances  in  some  special 
liquid,  or  heating  them  until  melted,  are 
the  modes  of  bringing  the  particles  of 
matter  sufliciently  close  to  form  chem- 
cal  union.  Every  process  of  chemical 
manufactures  implies  the  union  and  de- 
composition of  bodies,  which  are  eflTccted 
by  ciJling  into  plav  their  affinities.  Many 
bodies,  lUthough  clissimilar,  have  no  ten- 
dency to  unite — as  oil  and  water,  mer- 
cury and  water,  mercury  and  oil.  This 
is  explained  by  saying  that  these  bo<lies 
have  no  affinity  for  one  another:  while 
alcohol   and   water,  sulphuric  acid   and 

1)otass,  oxalic  acid  and  lime,  unite  readily 
)eeause  their  mutual  affinities  are  strong. 
ADHESION.  That  property  possessed 
by  bodies  of  dissimilar  natures  of  rciiist- 
ing  a  force  apj»lied  to  separate  them ; 
and  it  ditt'ers  from  cohs'um  and  ajfinUu. 
Adhesion  camiot  occur  between  two  solid 
bodies,  for  then  the  force  which  binds 
them  toijether  is  either  some  moditica- 
tion  of  the  attractive  force,  or  it  is  due  to 
atmospheric  pressure:  for  perfect  adhe- 
sion, one  of  the  bodies  oui/lit  to  V)e  fluid 
or  semifluid  ;  it  may  afterwards  return  to 
the  solid  eondition  without  destrovinjf 
tl.o  adhesion,  unless  it  ervstallize.  It  is 
doirable  also  that  thev  slioidd  not  con- 
tract unequallv  in  coolin*^,  for  then  the 
adhesion  would  be  destroved  :  for  the 
iniion  of  two  surfaces  into  one  it  is  there- 
fore ncces>ary  that  both  should  contratt 
c.ju:ill\  :  and  cement  for  unilin;:  ililfereiit 
^u^f.lel'>  depciiil>  for  its  jUne.-«s  upon  this 
property:  to  ciinent  metals  with  otlicr 
Solids,  >ol<lcr.>  are  iie«'drul,  and  j^articnlar 
so!(Urs  for  variou-  metals.  Such  bo  lies 
as  ]>iteh,  which  e\en  at  reduced  tempera- 
tures will  expand,  are  those  which  ad- 
I  here  most  tirmly.  The  adhoion  betwe-n 
solitl  li«>ilifs  is  sullieicntiy  ■^tr<mi:  to  over- 
j  come  the  colicsi\i-  force  ol'one  (;f  them — 
t  as  when  two  piec  is  of  wood  are  L'lucd 
toir^.tlKif  jind  tnen  sejiarated  forcihly.  a 
I  In\er  ot'irluc  remains  on  eat-h  piece.  The 
I  adln-^ion  of  the  wafer  on  the  en\clopc  is 
LTreater  than  the  cohesion  hetweeii  the 
partiiles  ot'  the  pa}  er,  and  a  layer  comes 
off  on  tlu'  surface  o|'  the  water  when  the 
latter  is  .xeparaled.  ANhen  a  solid  dijui 
in  a  li(piid,  ils  ailhe^-ion  is  sometinirb 
irreater  than  the  eojir-ion  t'lr  the  jcirti- 
eles  of  the  liiiui<l,  as  w  jieii  wood  or  nietnl 
i>dipj>ed  info  Wilier;  the  waler  .tdherinii' 
i^  >aid  to  Hit  it.  Wood  or  tlii'  tiiiL'er, 
di]'ped  into  (;n-<-\-ii'.  er,  i>-  not  ti<  f'l <i.  (  i',N 
h;!\e  iio  ,id !u -'Oil  I'l -r  w ;i!i  r.     iK'-rotler 

inst:iliies  ot'  ;ul  i.e-i"!!.  >"    <  >  M  I.n  I .  i 

\  1  >/M — A  I<l>l'  1  .     A  eiiniliLT  c'ii-el  ^^  ill: 
an  arihed   blade    ainl   tl  e  ed^e   at    ri^lit 
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angles  to  the  handle:  it  diffen  fW)m 
the  chisel  iu  application,  the  force  being 
impoct  and  arising  from  a  blow  and  not 
thut  of  mere  pressure.  The  adze  cuts 
the  wood,  if  its  edge  be  fine ;  but  if  not, 
the  wood  is  split  and  the  tool  acts  then 
more  like  the  axe  as  a  wedge  than  the 
chisel.  In  coarse  preparatory  work,  the 
adze  is  carried  through  the  space  be- 
tween the  workman  two  feet,  nnd  the 
quantity  of  wood  removed  is  very  groat ; 
in  fine  work,  the  foot  is  {)laced  upon  tlic 
wood  and  the  adze  is  carried  two  or  three 
inches  under  the  sole,  and  the  smooth- 
ness and  delicacy  of  the  work  accom- 
plished is  surprism^. 

AERATED  WATERS.  Artificial  drinks 
impregnated  with  carbonic  acid — as  soda 
water,  ginger  beer,  carrara  water,  &c. 

AGARIC.  A  species  of  fungus  or  puff- 
hall  ;  occosionally  used  as  a  tinder  and  as 
a  black  dye  in  combination  with  per-salts 
of  iron. 

AGATE.  A  name  given  to  many  com- 
binations of  chalcedony,  camel  ian,  quartz, 
amethyst  and  fiiivt.  It  is  one  of  the  vuricd 
forms  of  silidous  minerals,  and  contains 
98  per  cent,  of  silica ;  it  is  opaque,  and 
has  tt  resinous  fracture  with  deep  tints, 
produced  by  traces  of  iron,  \vlicn  a 
section  is  made  it  displays  a  series  of  dark 
lines  or  bands,  sometnncs  irregular,  some- 
times rounded,  which  arc  the  edges  of 
successive  deposits  made  by  the  niincnil 
during  its  formation.  Agutcs  take  a  higli 
polish,  and  are  much  valued  as  ornamen- 
tal stones  in  the  manufacture  of  cups, 
rings,  *eals,  knife-handles,  snutf-JxJxes, 
Ac. ;  burnishers  are  made  of  ncrate  for 
the  use  of  bookbinders  nnd  silversmiths. 
These  gems  occur  naturally  in  amygdaloid 
trap  rocks,  lying  in  nodules,  surrounded 
by  chloritic  clay,  also  in  beds  cf  streams 
and  rivers,  where  thev  have  t)cen  washed 
down.  Thev  are  made  darker  in  tint  V)y 
beinjr  boile<{  in  oil,  and  then  dipj)cd  in 
oil  of  vitriol.  The  carneliun  is  an  ngate 
of  a  flesh  red  or  yellow  tint :  it  is  com- 
mon in  the  sandy  plains  f  Africa,  India, 
and  Asia  Minor. 

AIR.  The  gaseous  envelope  of  the  earth . 
Our  planet  has  two  coverings:  one  the 
water  which  is  distributed  as  lakes  nnd 
sons,  filling  up  the  deep  cavities  of  tlie 
porul  surface,  tending  to  produce  n  more 
level  suj>erflcies ;  the  scc<jnd  eovcrintr  is 
the  air  or  atmosphere  which  rests  nji'^in 
the  top  of  tlie  water  and  the  dry  land, 
envoloplnjr  the  highest  mountains,  aiul 
rising  upwards  to  an  altitude  somewhat 
above  4r) miles  ;  it  is  atrucaerifonn  ocean 
surrounding  our  earth,  and  has  upon  its 


nppcr  sarlace  waves  and  tidcs^  and 
throughout  its  mass,  currents  flowmg  in 
constant  and  variable  directions,  precisely 
as  those  of  the  ocean  comport  themselves ; 
it  is  held  down  to  the  surface  of  the  earth 
by  attraction,  and  rotates  with  the  planet ; 
its  density  varies  with  its  actmil  height  at 
the  place  of  obser\'ation,  of  which  the 
barometric  pressure  is  the  evidence.  This 
pressure  diminishes  as  the  elevation 
above  the  sea  increases,  owing  to  the  up- 
per portions  of  the  atmosphere  pressing 
upon  and  condensing  the  lower  strata  so 
much  so,  that  one-half  the  actual  weight 
of  the  atmosphere  is  comprised  within 
the  space  ot  the  lower  5  miles  of  its 
total  height,  the  remaining  40  miles  in 
hei|Erht  containing  the  other  half.  The 
air  is  highly  compressible  nnd  einstic,  and 
its  volume  dimmished  invei'sely  ns  the 
pressure  increases.  This  accounts  for  the 
tacility  of  settiuj^r  it  in  motion  and  its  ve- 
locity. Like  fluids,  it  presses  equally  in 
every  direction,  and  when  it  comes  in 
contact  with  a  more  expanded,  and  there- 
fore lighter  portion  of  air,  it  pushes  it  up 
and  occunies  its  place,  producnig  currents 
of  air  anci  winds  when  it  flows  in  strenn  s, 
and  sound  when  it  is  tlirown  into  vibra- 
tions or  undulations.  The  air  is  warmed 
solely  by  the  earth,  and  not  by  the  trniis- 
mitted  rays  of  the  suii, — hence  wann  air 
exists  within  the  tropics,  and  diminishes 
toward  the  p<»lcs,  and  sensibly  deoreascs 
every  8')0  feet  of  elevation.  Air  was  one 
of  the  simple  substances  of  the  ancient 
philosophers ;  but  it  has  been  shown  by 
Schcele  nnd  ravendisli  to  be  a  conipouncl 
lK>dy  nuide  up  of  oxygen  gas  nnd  nitrcv 
gen.  The  proportions  in  which  they  nro 
lound  to  exist,  arc  21  of  oxygen  nnd  70  of 
nitrogen  by  volume  in  100  parts.  These 
substances  are  not  chemically  unittd, 
thev  are  merely  mixed  toirether.  There 
is  also  contained  in  the  atmospliere  a 
small  quantity  of  carbonic  acid,  aniouiit- 
ing  to  one  twenty-five  hundredth  part, 
which,  no  matter  at  wliat  elevation  the  nir 
may  be  drawn,  is  still  ibund.  Saiissure 
I  detected  it  at  Mont  Blanc,  and  UoiiFsin- 
I  gaulton  the  Andes,  so  that  it  is  a  rcirular 
conslituent.  Licbii?  has  show  n  that  ain- 
I  monia  can  also  be  (Ictccted  in  the  ntiiio<>;- 
'  phere,  to  which  may  be  added  a  variaMc 
,  quiuititv  of  watery  vaj>or,  odors  of  pi;iiJts, 
nnd  ot^ier  volatile  substances  ;  it  no 
doubt  also  eontaiiis  tloatiiiL'  pnrtifUs 
[  (niiiismata),  dnriiiij  periods  ol*  r|>ideinio 
disease.  The  tliriiiieal  j>r<']Hrties  aiul 
the  iK'iufieiai  elVeets  of  the  air  aic  dm-  to 
I  the  pre^*sure  of  oxvL'en,  the  n'lnoval  of 
!  which,  or  any  alteration  of  its   amount 
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and  condition,  renders  tlie  air  injurious 
to  life.  (Sie  \  entilatiox.)  Although  air 
is  invisible,  and  much  lighter  than  solid 
or  fluid  bodies,  yet  it  is  still  subject  to  lUl 
the  physical  laws  which  govern  gases ;  in 
a  large  quantity,  as  when  the  sky  is  clear, 
it  gives  us  a  blue  tint  to  the  eye,  which 
may  be  due  to  the  vapor  of  water  in  the 
atmosphere  refracting  the  ligfht.  It  occu- 
pies a  given  space,  and  is  impenetrable, 
and  no  other  substance  can  occupy  where 
it  is  except  ii  be  by  displacement.  It  is  ca- 
pable of  communicating  weight :  and  100 
cubic  inches  of  it  are  found  to  weigh 
31-0117  grains  at  the  temperature  of  00°, 
and  the  barometric  column  standing  at 
80°.  This  weight  is  equal,  on  the  whole 
atmosphere  of  45  miles  height,  to  a  pres- 
sure of  15  lbs.  on  every  square  inch. 
This  pressure  varies  in  dirtereiit  places 
and  at  ditferent  times.  (6Ve  Barometeh.) 
This  pressure  is  exerted  upon  every  sub- 
stance at  the  level  of  the  sea.  Air  may 
be  compressed  into  a  smaller  volume,  in 

Eroportion  to  the  pressure  exerted  ujion. 
doubling  the  pressure  condenses  the  air 
into  one-hplf  its  bulk ;  when  released 
from  pressure  it  expands  to  its  oriirinal 
bulk :  this  is  due  to  its  elasticity,  which, 
like  all  gases,  is  verv  great. 

A  1 R-P  U  M  P — l^xnAusTiNG  Sykinge. 
Instruments  founded  upon  the  elastic 
property  of  the  air.  The  syringe  consists 
of  a  brass  cylhider  with  anmr-tight  piston  ; 
a  valve  at  the  top  opens  upwards  into  the 
body,  and  one  at  the  lower  part  opens 
outward  (at  the  side)  into  the  external 
air.  This  api)aratus  is  screwed  on  to  any 
vessel  which  requires  to  have  the  air  re- 
moved. On  raising  the  jjiston  the  air 
from  the  vessel  l)el(.'W  follows  it  ujjward, 
filling  the  cylinder ;  if  the  lower  sto]ie<>ek 
bejunv  eloped,  and  the  eyliiKler  j)re>sed 
down,  the  air  will  eseape  by  the  valve  at 
the  side,  and  the  cylinder  ean  \tc  eniptieil 
in  this  wav.  Bv  constant  re))etition>  of 
raisintx  the  piston,  and  then  cxpellinsr  the 
contained  air  of  the  eyiinder.  the  jrreater 
part  of  the  air  of  the  attni-hed  \es>el  i-^ 
drawn  up  and  removt;d.  Tlie  wiiole  air 
cannot  be  diseharLfed  in  this  way  :  lor 
after  it  has  been  worked  s>>iiie  time,  and 
the  trreater  (piantity  of  air  discharged, 
the  elastic  force  of  tiie  remainder  is  so 
sliirht  as  not  to  be  able  to  raise  the  valve. 
TI.e  air-jonnp  is  a  doubly  evhaus'uii: 
syriuL'e,  wliieli  ha.s  its  vahes  in  the  pis- 
ton or  pluLf.  There  are  t\v(^  nio\ii,^r  jn 
the  eyiinder  or  ])anels,  with  a  reeiprocat- 
inii  motion  eoniinunieated  i)y  a  tooilied 
wlieel  and  racked  piston  rods.  The  })ar- 
rels  communicate  Ijv  means  ofa  tube  with 


a  table  of  metal,  upon  which  is  Axed  a 
bell-glass  or  receiver,  made  stoutly,  and 
with  a  strong  rim  at  the  bottom  ground 
finely,  so  as  to  fit  smooth  on  the  tiible ;  a 
a  little  tallow  or  fat  is  used  to  smear  the 
table  to  make  the  fitting  more  tight.  The 
receiver  is  thus  a  transparent  air-tight 
chamber  in  which  any  object  may  be 
placed  from  which  it  is  needful  to  remove 
air.  A  stopcock  is  fitted  to  the  coimect- 
ing  tube,  to  shut  oft"  or  let  on  external  air 
when  desired.  To  good  air-pumps  a 
mercurial  gauge  is  attached. 

AIR-BEDS.  Another  application  of 
the  elasticity  of  the  uir  to  supply  the 
padding  or  stulting  material  of  pillows, 
cushions,  and  bod^,  by  the  use  of  air,  in- 
stead of  solid  substances  :  a  bag  of  cloth 
is  rendered  air-proof  by  means  of  a  var- 
nish of  liidia-rul>bcr  or  jjutta  percha,  a 
tube  and  sto})C(K'k  are  allixed  to  one  cor- 
ner, through  which  the  air  is  blown  in  to 
inllate  the  bag.  "SVhen  moderately  dis- 
tended with  air  these  beds  and  cushions 
are  tolerably  soft.  The  objection  to  these 
is  that  they  warm  too  soon — tiie  heat  of 
the  body  accumulates  in  the  pillow,  the 
air  of  which  is  a  non-conductor. 

AIR-GUNS  are  syringes  used  for  con- 
densinir  air,  acting  somewhat  similarly  to 
the  exhaustiiii;  svringe.  In  the  air-gun 
the  vessel  tor  hoVling  the  air  i>  a  small 
metal  ball,  having  a  small  hole  and  valvo 
turned  inwards.  The  l)all  is  screwed  on 
to  a  barrel  fitted  with  a  bullet,  when  up<m 
turniiiir  a  eoek,  eonununieitiuir  between 
the  condensed  air  and  the  bullet,  the  lat- 
ter is  driven  out  with  yfveat  velocity.  To 
condense  the  air  reijuires  the  syrinere  to 
aet  in  the  reverse  manner  to  that  used 
for  exhaustion. 

ALABASTER.  A  tenn  sometimes  ai>- 
plied  to  stahu-titie  earl)oiiate  of  lime.  By 
the  aneieiits  was  umierstood  small  white 
j  stone  vessels  of  a  i>eeuliar  form,  made  at 
I  Alabastron  in  Ei:_vpt :  it  is  now  L'enerally 
apj)lied  to  tliat  variety  of  sulphate  of 
lime,  known  as  granular  iry})>utn,  used 
for  earvini:  small  statues,  irrou})S  of 
fi;/ures  and  animals,  and  boxes  and  vases, 
which  are  turnevl  in  a  lathe.  For  these 
jMU^poses  it  is  wi'll  adaj'ted  by  its  white- 
ne>s,  translueency  and  sol'tnos.  The 
be>t  i>  (piarried  near  \'olterra  in  Tusetmy. 
In  thir^  diu'liy  are  the  hot  s}irin<:>  "f  San 
Kili|'po,  where  the  water,  ainio>t  })oilinir, 
contains  in  solution  u  lurL'e  «iuantity  of 
eaibonate  <>f  lime,  held  dis:-olved  by  sul- 
]ihin'eted  hydroLrcn.  wliieh  e>ea]H'S  as 
.sor>n  as  tile  water  is  exposetl  to  the  air. 
vV'lvantaife  i>  taken  of  tliis  jiroperty  to 
make  bas-ivliil^  of  much  hardness,   bv 
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placing  moulds  of  sulphur  obliquely  in 
wooclcii  tubs,  open  nt  the  bottom.  The 
water  of  tlie  spring,  after  depositinff  ita 
tnrbid  matter,  ia  convoyed  above  tliose 
tubs,  which  hav©  atiixed  to  their  top 
wooden  crortft-picccft,  the  water  is  allowed 
to  full  upon  them,  and  is  then  poured  in 
fine  streams  over  the  moulds  hanging  be- 
low. From  two  to  four  montlis  are  re- 
quired for  obtaining  castings. 

ALCARAZZAS.  A  species  of  porous 
earthenware  used  in  Spain  for  cooling 
liquors. 

ALBUMEN.  The  white  portion  of  the 
egir  is  in  great  part  albumen.  It  is  also  a 
constituent  of  the  fluid  portion  of  tho 
blood,  and  of  the  sap  of  some  plants,  as 
p*:>tnto,  parsnip,  carrot,  in  the  seeds  ot 
the  cereals,  and  in  most  nuts.  The  cha- 
racteristic property  of  albumen,  under 
any  circumstance,  is  its  congulating  at  a 
temperature  about  160°  Fahr.  When 
pure,  vegetable  and  animal  albumen  are 
the  same  substance.  That  from  the  corg 
soon  putrefies  in  the  air ;  but  if  it  be 
spread  out  in  thin  films,  it  dries  readily, 
and  may  then  be  preserved  unaltered  for 
any  length  of  time.  Once  coagulated, 
albumen  will  not  dissolve  again  in  wa- 
ter, but  is  soluble  in  caustic  alkalies. 
The  solidification  of  albumen  is  believed 
to  be  due  to  tho  loss  of  alkali,  dissolved 
out  by  the  boiling  water.  From  having 
this  property,  albumen  is  used  to  clarify 
syrups,  cotfee,  &c.  It  is  also  coagulated 
by  alcohol,  the  majority  of  acids,  except 
the  acetic,  which  dissolves  it,  and  by  a 
few  metallic  salts,  sucli  as  corrosive 
sublimate,  for  which  it  is  an  antidote. 
Lime,  baryta,  and  strontia,  form  com- 
pounds with  albumen,  which  harden  in 
drj'injr,  and  become  good  lutes  or  cements 
for  china  or  glass,  or  spread  on  paper  for 
chemical  apparatus. 

ALCOHOL.  The  liquor  procured  by 
distillation  of  vegetable  iniu'^ions  of  a 
sac'-harine  nature,  and  juices  which  hove 
passed  through  the  vinous  fermentation. 
Ordinary  alcohol  is  not  pure,  containing 
usually  half  its  weight  of  water,  from 
whicli  it  may  be  freed  by  redistillation  at 
a  gentle  steam  or  water-bath  hcnt,  until 
it!*  specific  gravity  is  -880.  To  free  it  per- 
fectly, it  is  necessarv  to  add  into  the  still, 
or  retort,  caustic  finie.  calcined  pearl- 
allies,  or  fused  chloricle  calcium ;  it  is 
then  perfectly  free  from  wntcr,  and  has 
a  specific  gravity  of  -TO.S  ;  it  then  boils  at 
16'j'^  Fahr.  Alcohol  nuiy  also  l>c  concen- 
trated by  exposing  it  in  ox  bladders,  ow- 
ing to  the  proj)erty  which  the  latter 
possesB,  of  allowing  water  to  pass  througl; 


the.  pores  and  evaporate  out,  but  giv- 
ing little  or  no  facility  for  tho  vapor 
of  alcohol  to  escape.  Both  surfaces 
of  the  bladder  should  be  soaked  in  wa- 
ter, and  freed  from  fat  and  minute  ves- 
sels adhering  on  both  the  outer  and 
inner  surfaces;  it  then  should  get  a 
couple  of  coats  of  a  solution  of  isin- 
glass on  the  outer,  and  double  the  number 
on  the  inside  surface ;  the  spirit  is  then 

Eoured  in,  but  the  bladder  not  quite  filled 
y  it,  a  portion  of  air  occupying  the  top : 
it  is  then  tied  tightly  at  the  month,  and 
hunjf  in  a  warm  place  near  a  stove  or  oven. 
In  this  way  alcohol  may  be  concentrated 
in  twelve  hours,  and  this  kind  is  well 
adapted  for  varnishes.  Alcohol  has  a 
great  attraction  for  water,  and  if  left  ex- 
posed, rapidly  attracts  moisture  from  the 
air :  it  shoulcl  therefore  be  kept  in  well 
closed  vessels.  From  this  property  it  is 
well  adapted  for  preserving  anatomical 
specimens.  It  has  the  property  of  dis- 
solving many  substances,  as  soap,  cam- 
f>horj  resins'  essential  oils,  castor  oil, 
brming  varnishes,  essences,  perfumes, 
and  extracts.  If  these  solutions  be  mixed 
with  water,  milkiness  or  opacity  is  pro- 
duced, owing  to  the  alcohol  separating 
these  substances,  by  preferring  to  unite 
with  the  water.  The  strength  of  alcohol 
is  detennined  by  instruments  which  read 
off  its  specific  ifravity,  calculated  tables 
for  which  may  be  found  in  more  techni- 
cal works.  The  instruments  are  tcnncd 
alcoholmeters,  hydrometers.  Gay-Lus- 
sac's  instnmient,  the  "  alcoometre,"  is 
probably  the  instrument  yieldincr  the 
most  correct  results :  absolute  alcohol 
consists  chemically  of  4  atoms  of  carbon, 
6  of  hvdrogen,  and  2  of  oxygen. 

AL£.  Infusion  of  barley  and  infusion 
of  hops,  fermented  toirether.  ' 

ALEMBIC.  A  vessel  used  in  distilla- 
tion, for  receiving  the  liquid  to  be  dis- 
tilled. 

ALEMBROTII  SAL.  An  old  term  for 
white  precipitate  of  mcrcurv,  or  the  dou- 
ble chloride  of  mercury  and  ammonia. 

ALIZARINE.  One  of  the  principles  of 
the  madder  }>lant :  from  which  it  mny 
be  obtained  by  charrinjr  the  powder  root 
with  oil  of  vitriol,  washinir  the  bhick 
mass  well  with  water,  drying  and  heat- 
inir,  when  alizarine  is  obtained  in  crj-stals 
of  an  orange-red  color. 

ALKALI.  A  name  first  applied  by  tho 
Arabians  tf»  the  carboiuitcs  of  poda  and 
potash  derived  from  the  ashes  of  j.lants, 
t)ut  nf)W  exteiuUd  to  those  siibstaneen 
which  dissolve  in  water,  j/eiieraily  form 
soaps  with  oils,  and  neutralize  acids  fum":- 
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ing  crystalline  salts.  The  cliicf  ollcalies  of 
importance  in  the  arts  »rc  potash,  soda, 
ammonia,  and  quinia.  Tliey  have  a  com- 
mon effect  upon  some  cofors — such  as 
tuminp  the  red  colors  of  roses,  cabbages, 
and  radishes  to  green,  the  red  of  litmus  to 
purple,  and  the  yellow  of  turmeric  and  a 
few  other  vegetflTble  dyes  to  brown.  Even 
when  these  three  first  named  alkalies  are 
united  with  carbonic  acid,  they  exert  the 
same  reaction,  by  which  they  are  readily 
distinguished  from  lime  and  magnesia. 
When  pure  they  have  an  acrid  and  urin- 
ous taste,  dissolve  animsU  matter  readily, 
and  unite  with  oils  :  they  also  unite  with 
water  in  any  proportion.  A  strong  solu- 
tion in  water  is  tenned  a  lye  or  hy. 

ALKALIMETER.  Aninstrnnipnt  used 
for  testing  the  strcntrth  of  the  alkiUics  of 
commerce.  The  operation  is  termed  al- 
kaliniftry^  the  jfcncnil  principle  of  which 
consists  in  ascertaining  the  quantity  of 
real  alkali  in  a  given  wciurht  of  the  sub- 
stance examined,  by  finding  how  much 
of  the  latter  is  required  to  neutralize  a 
known  Quantity  of  an  acid — as  sulphuric 
acid.  Tiie  first  step  is  to  ])rc^>arc  a  stock 
of  dilute  sulphuric  acid  ot  a  known 
strength,  containing  for  example,  100 
grains  of  real  acid  in  every  lOuO  grain 
measures  of  liquid.  Alaru'c  quantity — as 
a  gallon  or  more — mav  be  prepared  at 
once  :  thus,  the  oil  of  vitriol,  if  it  be  good 
and  of  the  specific  gravity  of  l-Hn,  con- 
tains in  every  4 1<  grains  lo  irrains  ot'  ab- 
solute acid.  Vor  the  i)ro|'ortioii  rcmircd 
above — ever>'  trnllon  or  7o,oou  trraiiis  (if 
dihito  acid— 7<HKi  {rruins  ol"  real  or  abso- 
lute acid  is  demanded;  tliis,  at  the  com- 
position of  the  acid  j_'iven,  is  ctiual  to 
^.".71  vrrains  of  common  oil  (»f  vitriol.  AI! 
tiiat  is  require<l,  is  tlicii  to  wciL'h  out 
S.')74  grains  of  vitriol  and  dihite  it  with 
water  until  when  c<>ol  tlie  mixture  i-liall 
measure  exactly  one  lmHoii. 

The  "  Alkaliinetcr"  is  lu-xt  to  bi-  con- 
structed out  of  a  piece  of  even  cylindri- 
cal t:lass  tube,  finciii  indies  Ioiil:  and 
six-tenths  ot"  an  inch  \\idc  intc^rnally. 
closed  at  one  end  and  inouMrd  into  a 
spout  or  li]>  at  tlic  «>tlicr  ;  a  strip  of  j,;i|  er 
is  pasted  on  tiie  tube  and  sutfcicd  to  dry. 
al'ter  whicli  it  is  LTadiiati-d  hy  counter- 
]>oisinLr  it  in  a  nearly  npiiLrht  position  in 
the  ]'an  of  a  delicate  balance,  and  weiL'h- 
in«r  into  it  successively  oiu'.  two,  and 
three  hundred  ijrains  of  di>lilkil  wiitcr 
at  r*!**^  until  the  whoU-  (juaiitit>  of  b'oo 
grains  be  reaclu'd,  the  level  "-f  tlie  tube 
atU'r  each  addition  biiiiL'  eaivi'ully  marked 
with  a  jcn  nj^on  the  striji  ^^i  paper  wliile 
the  tube  is  held  quite  npri;ji;t    and  the 


mark  made  between  the  top  and  bottom 
of  the  curve  formed  by  tlie  surface  of 
the  water.  The  smaller  divisions  of  each 
hundred  parts  may  then  be  made  with 
the  comnass  into  tqnth  parts.  The  gra- 
duation oeing  accurate  and  complete,  the 
operator  may  transfer  the  marking  to  the 
glass  by  means  of  a  file,  and  the  P«pcr 
may  be  removed  with  hot  water.  The 
numbers  cjui  be  scratched  with  the  hard 
end  of  the  file.  When  this  instrument 
is  used  with  the  dilute  acid  above,  ^\^ry 
division  of  the  glass  will  correspond  to 
one  grain  of  real  acid. 

The  alkali  is  examined  thus:  50  crrainsi 
of  the  sample  are  weiirhecl,  dissolved  in 
warm  water,  and  if  needful,  filtered:  the 
alk:dimeter  is  then  filled  to  the  to|»of  the 
scale  with  the  dilute  acid,  and  the  latter 
poured  from  it  into  the  alkaline  solution, 
which  is  tried  from  time  to  time  with 
red  litmus  ])apcr.  When  the  solution, 
atlcr  being  heated  a  few  minutes,  no 
longer  allects  either  blue  or  red  litmus, 
the  meuHure  of  liquid  emj)loyed  is  read 
off,  and  the  quantity  of  soda  or  potass 
]>resent  in  the  state  of  carbonate  or  hy- 
drate in  the  50  grains  of  salt,  is  found  l*»y 
the  rule  of  proportion.  Suppose  soda 
was  the  alkali,  and  that  n;j  measures  of 
acid  had  been  used;  then  by  taking  their 
atomic  proj)ortions  in  which  the  acid  and 
soda  unite,  it  would  stand  thus :  as 

Suli.h.acid40  :  sodaiU-'J  ::  83  :  1W^^ 
in  r>o  grains.  The  sample  therefore  eon- 
tains  .'jl-ii  )ier  cent,  ot  available  alkali. 
The  quantity  of  alkali  in  a  carbonated 
form  mav  be  known  bv  weiLrhin«'  the 
body  belore  and  after  the  expulsion  of 
c-arbonic  acid. ;  frC'Ui  the  lo.vs  may  be  cal- 
culated the  j'Cr  centaL^e  of  alkali.  \S\  the 
use  of  Frcscnius's  apparatus  Ibr  this  pur- 
pc'so,  the  ]>rceision  attained  leaver  no- 
thing to  l>e  desired. 

ALKALOID.  Alkalies  foun.l  existing 
in  veiretaliles  united  with  ]'c<'iiliar  acids. 
Thcv  are  ].r<'diu«il  by  the  ]>lant  durinir 
LTowth.  fhey  dis.-olve  readily  in  boil- 
iriL''  alcohol,  and  spariiiirly  in  water: 
tliev  crvstalli/e  out  C'f  the  ah'ohol  by 
cor.linLT  the  latter,  from  which  thev  can 
be  separated  in  a  eiy  stalline  form  ;  they 
n  store  the  blue  color  to  red  litmus,  and 
render  vcllow  turmeric  brown.  The  chief 
alkaloids  are  <|uinine  and  einchoninc  from 
I'eruvian  bark,  nicotini'  iVoni  tobacco: 
niorjihia,  codc-ine,  nareotine,  thebainc, 
fr<'m  the  ]>a]ia\iraee;e  :  and  in  other  fami- 
lies, ."-tryehiiinc,  atropine,  brueine,  veri.- 
triiic.  emetine,  berl'criiic,  and  cafeine. 
They  all  e(  ritain  nitro<^'en  not  existing  in 
the  form  of  ammonia. 
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ALKANET.  A  root  used  for  dyeinj? 
red.  The  plant,  anchusa  tindoria^  belongs 
to  the  family  Boraginese,  and  is  a  species 
of  bugloss,  caltivated  largely  in  the  south 
of  France :  the  roots  yield  a  deep  red  to 
alcohol  and  oil?,  and  a  dull  red  to  water. 
It  is  used  extensively  to  color  ointments, 
oils,  cheese,  and  perfumery  in  general. 
White  marble  is  sttuned  a  deep  tint  by 
the  alcoholic  solution. 

ALLOY.  A  compound  formed  of  two 
or  more  metals  fused  together.  Thus 
bronze  is  an  alloy  of  copper  and  tin; 
brass  an  alloy  of  copper  and  zinc :  they 
oil  have  lustre,  are  sonorous,  elastic,  duc- 
tile, and  moUeable,  like  simple  metals. 
Metals  do  not  alloy  indifferently  with 
each  other,  but  are  governed  by  jpeculiar 
affinities.  Silver  unites  readily  with  lead, 
copper,  and  gold,  but  will  scarcely  aJloy 
with  iron.  When  a  metal  is  uuitea  witu 
mercury,  it  generally  receives  the  title  of 
an  amalgam.  When  metals  are  united 
in  an  alloy  the  specific  gravity  of  the 
new  compound  is  not  the  mean  of  its 
constituents^  but  occasionally  is  greater 
— in  other  instances,  less  :  'its  melting 
point  also  is  not  the  mean  of  the  melting 
points  of  the  two  metiils,  but  it  is  gene- 
rally somewhat  lower  in  temperature — 
the  Visibility  of  an  alloy  is  increased. 
Although  the  number  oi  metals  is  very 
ffreat  (43),  vet  only  a  few  are  extensively 
found  or  of  much  use — perhaps  tlie  num- 
ber frequently  employed  is  not  more 
than  twelve :  where  purity  of  a  metal  is 
not  required,  but  some  property  which 
a  single  metal  does  not  pos^e.ss 'an  alloy 
is  found  to  supply  the  want.  Even  the 
property  of  an  alloy  itself  may  be  varied 
Dv  uniting  with  a  portion  of  a  third 
iiietal.  Thus  in  the  case  of  the  alloy 
brass  ;  when  it  is  required  to  have  brass 
lit  for  turning,  a  small  quantity  of  lend 
is  added.  This  imj)roves  it  for  that  ])ur- 
pose,  but  renders  it  unfit  for  hoinmering. 
The  number  of  useful  metals  can  be  thus 
multiplied,  as  it  were,  by  the  formation 
of  alloys. 

Alloys  can  onlv  be  properly  formed  by 
fusion,'  as  by  melting  the  two  mctuls  to- 
gether in  a  crucible.  They  require  to  be 
stirred  well  while  melting,'le»t  the  metals 
separate  from  each  other,  the  heavier 
taking  the  bottom  of  the  vessel.  The 
strength  or  cohesion  of  alloys  is  greater 
than  that  of  its  constituents'.  The  most 
refractory  metals,  which  can  scarcely  be 
fu^ed  in  a  crucible  at  the  greatest  heat  of 
the  furnace,  melt  down  with  ease  when 
surrounded  by  the  more  fusible  metals. 
The  Bur&ces  of  the  superior  metal  ore 


melted  down  or  washed  away,  layer  bv 

I  layer,  until  the  whole  become's  liquiflca. 
Isickel  is  nearly  as  difficult  to  melt  as 
iron;  but  it  is  usefully  employed  with 
copper  in  German  wilver,  to  \»^ich  it  gives 
whiteness  and  hardness,  and  renders  the 
I  alloy  less  fusible.  Platinum  cannot  be 
I  melted  at  the  highest  heat  of  a  furnace, 
but  it  combines  so  readily  with  ^nc,  tin, 
and  arsenic  that  it  is  dangerous  to  heat 
one  of  these  substances  m  a  platinum 
spoon,  for  an  alloy  would  be  formed  and 
the  spoon  destroyed. 

An  alloy,  remarkable  for  its  easy  f\isi- 
bility,  is  made  by  melting  together  eight 
parts  of  bismuth,  five  of  lead,  and  three 
of  tin.  This  molts  in  boiling  water,  even 
in  water  of  the  temperature  198°  Fahr. 
It  is  on  this  account  called  /u»ihle  nietal. 
The  proportions  may  be  varied  to  make 
a  more  or  less  fusible  compound.  Safety 
plugs  for  valves  of  steam-boilers,  are 
made  of  this  material :  a  hole  made  in 
the  boiler  is  stopped  with  one  of  these 
plugs,  so  that  when  from  any  derange- 
ment of  the  valve  steam  above  the  usual 
pressure  and  temperature  be  formed,  it 
would  melt  the  plug  and  force  its  wav  out 
through  the  aperture  rather  than  Lurst 
the  boiler.  'When  quicksilver  is  added 
to  this  allov,  it  becomes  more  fusible; 
and  is  used  by  dentists  for  stuffing  de- 
cayed teeth. 

'Solders  are  allovs,  and  generally  con- 
tain a  portion  of  the  metal  they  are  used 
to  connect.     (*S>«  Solder.) 

ALMOND  OIL.  A  bland,  fixed  oU, 
obtained  from  the  seeds  or  kernels  of 
bitter  almcnds,  either  by  subjecting  them 
to  pressure  in  a  hydnlulic  press  in  the 
cold,  or  by  the  aid  of  hot  iron  plates. 

ALUM.  One  of  the  most  useful  salts 
manufactured ;  it  is  extensively  cn#)loved 
in  dyeing  and  calico-printing,  to  whicli  it 
supplies  the  mordant.  In  candle-mak- 
ing, it  is  used  to  harden  and  wiiiten  tal- 
low ;  in  bread-makinp,  it  is  often  used 
for  a  similar  ctfcct ;  it  is  added  to  paste 
to  prevent  its  decomposition ;  it  is  em- 
ployed in  prej)aring  and  preserving  skins, 
and  also  in  ]»harn)acy.  Our  alum  was 
unknown  to  the  ancients,  who  under  that 
name  used  a  different  substance,  as  sul- 
phate iron,  or  the  latter  mixed  with  alum 
earth.  Alum  is  coinywsed  of  sulphuric 
acid,  oluniino,  or  the  earth  of  clay  and  yot- 
ash.  Jt  is  a  double  sulphate  ofaliiniinaaud 
potasli.  Cnstals  of  alum  are  sometimes 
found  ready  formed  in  the  earth,  as  along 
the  chain  (V  the  Andes — as  iiluminite  in 
Germany,  Now-Vork,  and  other  parts  of 
the  United  States.   The  materials  lor  alum 
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are,  however,  found  in  a  state  of  combi- 
nation almoHt  iit  for  manufacture  into 
ulum  in  various  part6  of  the  world.    In 
Italy,  Hun^arA',  Sweden,  Scotland,  and 
North  of  Kn<rlaiid,  there  are  rocks  and 
earths   termed  alum  stone — ahinj  plate, 
A.  clay,  plate  clay,  and  bituminous  bhale. 
These*  furnish   the  main  material,   and 
when  treated  in  various  ways  yield  the 
preater  part  of  the  alum  of  commerce. 
These  cinys  and  rocks  are  abuuilant  in 
this  continent.     The  Genesee  black  slate 
of  the  New-York  system  of  rocks  is  hiirhly 
im])rcjjnated  with  bitumen  nnd  with  iron 
pyrites  (sulphuret  of  iron);  these  by  re- 
uctint;  on  each  other  produce  a  decompo- 
sition of  the  rock,  and  an  approach  to 
the   fonnation   of  the   suit  ;    and   from 
these  is   i>repared  in  various  ways  the 
alum  of  commerce.     In  the  shity  strntinn 
there  are,  amontr  other  elements,  sulj)inir, 
alumina,  and  iron;    and   these,   by  the 
loniif-continucd  action  of  air  nn«l   ni<»i>- 
ture,   lead  to  the  formation  of  snlj'liate 
of  alumina  and  sulphate  of  iron.     Heat 
aids  this  trnnsfonuation,  and  hence  tiicre 
are  two  modes  of  treatment — one  for  tlie 
eftlorcscent,  or  powdery  ore,  an<l  one  fur 
the  stony  «)re. 

Alum   slate,  or  alum  shale,  is  a  very 
abundant  source  of  alum.     It  occurs  in 
Tennessee,  and  in  Kew-York  in  the  small 
lake  district.     It  occurs  in  the  lower  se- 
condary rocks,  nnd  in  the  latter  district 
is  exposed  by  the  ravines,  m  hich  have 
cut    their   way   over   and    throutrh    the 
stnita  in  the  im>sat:e  to  thel^akes:  the 
Kjills  of  LoJi.  in  Seneca  Co.,  N.  Y.,  i> 
<iver  alum  slate,  nnd  the  routdi  mineral 
crystalli/cs  out  on  the  surface  "f  the  i-as- 
ealle.      Ahnn  shale  is  a  L'ravish  (»r  blu- 
ish   colored  roel\.  sjilittin;/  readily,  aiul 
friabl^on  e\])<'Mire  to  the  air:  it  diics  «>r 
elliorchccs  on  the  >urt!iee.  and  ae.juire^ 
an  a>trinL'ent  \u>\v.     The  tir>l  ^tc]l  in  the 
proeos  i,->  the  roa^tilli^  "f  the  ore.     Snme- 
limcs  the  ^ha!e   contains  m)  niiieh  hitn- 
niinous  niatter  that    alter   beinLT  liii''i  it 
ke(  I'.s  up   it^  own  enmliu^tion  :   in  nic-t 
cuM'S    it    is   nece>^>ary   to  add  additioval 
t'tu'l,  either  bru>h\\ood  or  <'oal :    a  thin 
la\er  ot'Avood  is  ircneraJly  sjiriad  on  lie 
^--roHnd,    and   then    above    it    a   layer  ot' 
>latc.     Thi-^  i>  M-t  fuT  to,  and  while  l.nvn- 
iuL'  an  additit>nal  layer  oi' j.ru-hw  "<m1  Mid 
of  >late  are  added,  and  aheniate  laycr-^ 
are  Mip['lied  as  th'>M.-  below  Inn  onie  viot- 
ed :  by  t\\\<  ]>rnc(>^  the  ir<<n  p\iit(-  in 
tiie  ore  is  detcnij.n^cd.  the  snlphnr  and 
the  iron  arc  both  oxydi/fd — the  •^nljhiir 
beintr  converted  into  std])hurie  a<'id,  and 
tho  iron  into  oxjdo  f»t'  imu     thi-n  unite  to 


form  Bu]j)hate  of  iron,  or  copperas,  and 
any  additional  sulphuric  acid  unites  with 
the  alumina  to  form  sulphate  of  alumina. 
These  salts  are  then  removed  from  the 
ore  by  wushinj;  it.    The  ore  is  put  into 
hu-pe'flat  pans  of  wood,   or   masonry, 
called    *' steeps,"  and  the   water  is  left 
upon  it  for  twelve  or  sixteen  hours  when 
it  is  fresh  ore:  this  process  is  repeated 
three  times  on  each  batch  of  ore,  dimin- 
ishino-  the  time  of  maceration  as  the  pro- 
cess IS  rei)eated.    The  wnter,  whicli  has 
lain  uj^on  a  weak  slate,  is  transferred  to 
one  containing  more  saline  matters.  From 
these  steeps  the  liquor  is  pumped  into 
a  series  of  long-arched  boilers,  so  formed 
as   to  «pi>ly  heat.      By  this   means   the 
water  is  eva]>orated,  and  the  hi<:hly  con- 
centrated licjuor  is   then  transferred    to 
lar!i"('  cooloTv,  where  it  remains  for  a  fort- 
niirht  nndi>turbed.     Duriiiir  this  interval 
crvstalliyation  ^'oes  on:    the  liquor  con- 
tanis    suljihate  of  iron  and  sulphate   of 
alumina,  and  the  former  of  thcr-e  sei)ar- 
att^  from  the  latter  by  ^Tadually  erystal- 
lizimr  (»ut.     Sticks  are  immersed  in  the 
liqui<l  in  the  coolers,  anil  around  tlu'se 
.sticks   lar<rc   bundles  of  lieautiful  frreen 
crystals  collect,  fonninir  the  well-known 
L'rien  vitriol   or  Cf)]>iieras  of  the  shoj»s. 
AVhen  the  crystals  ot  eo])}>eras  have  been 
rcTuovcd,  the  remainintr  liquor  is  drawn 
otf  into  an    exaj^oratinL'  boiler   in  order 
that    the    suli)hate   of  alumina  may   po 
throui_'h   the  .-j.ine  process    us    the    cop- 
]era-^;  and  at"ter  beinir  l-oiled  down  to  a 
certain  strength,  the  licjuor  is  drawn  otf 
into  a  e(M)l('r.     Sulphate  of  almnina  will 
iKtt   crystalli/e    witiiout  p<.ta^h    or  some 
other  alkali  be  a«lded,  Jind  this  substance 
is  theretore  achK-d  to  the  eo<»ler.  in  which, 
after  some  d:i\s  standing',  crystals  (^f  alum 
are  jirodm-ed  :   it   i>  thus  a  doubU-  salt,  a 
sulphate   ot"  ;.]uiuin:i   and   a  suljihate    of 
j.uta-h.      This  i>  crude  alum,  antl    it  is 
I'ui'ther    I'urilied    ]<}    otl.ir  j.ri'ci-vses    of 
b'.i!:ii'_'.  i.\:q  uraiiiiL',  and  er^  >t:iHi/inir. 

"When  the  hard  <'r  *-t.'ny  ore  is  used, 
a  I'lep:  i;it"ry  picei--^  i>  lu  ee->arv.  This 
or*'  i-'  in  aipciraine  inidway  between 
slate  and  ^t"^(•  cfiil.  e('ntain>  sulphur, 
ir('ii,  and  jiiuniii.a.  like  tin-  dei-oni]'Osed 
ore:  huT  tl.i-c  thvie  ehnunt<  ha\c  not 
yi  t  bt  lU  (■' n.l'ined  into  the  ^^l]lhatl•s  of 
it"n  and  :''i;niina;  the  :.id  «>1'  l.eaT  i>  lu-- 
ee^-^arN  l«'rthi>  t rnn-l"<'rn';.ti"n.  Th.e  ore 
al'ter  beiiiL'  brt'ki  n  into  «-ni:ill  ]>icH'es  is 
I'uilt  nji  im«'  \<  \rj  r'''L:('-  with  iV.el  1  e- 
neath,  and  air-l'<'!e-  in  difl'rrint  )'art>, 
and  it  i"-  tl.t  n  tin  d  :  .•il't*  r  which  tlie  oie 
uiidi  rir*  e-  tie  -.'iTUi-  trea'nient  as  leti'U* 
dc'-ti-il'i'il.     Tic  <•'>'. I  eiii-  i--  tjiu-  aU\:iN^ 
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■Q  extra  product  in  the  manufiicturo  of 
alom.  It  18  impurOf  and  is  uauolly  rousted 
st  a  strong  neat ;  and  when  washed 
yields  more  alum.  The  red  residae  after 
roosting  is  ground  to  a  fine  powder,  and 
when  dried  is  used  as  a  Venetian  red  pig- 
ment: by  altering  the  temperature  at 
which  it  is  dried,  a  j^ellow  ochre  is  ob- 
tained instead  of  a  red.  In  France  alum 
is  made  from  clay,  which  is  first  finely 
ground,  and  mixed  with  half  its  weight 
of  crude  sulphate  of  j>ota8h  :  these  are 
formed  into  balls  five  mches  in  diameter, 
and  caldued  in  the  fUmace ;  they  are 
then  transferred  to  the  bottom  of  the 
chamber  in  which  sulphuric  acid  is  made. 
where  they  swell  up,  and  open  on  all 
sides,  owing  to  the  add  vapor  entering 
them.  They  are  then  lixiviated  with 
water,  and  cr^'stals  of  alum  are  obtained 
by  evaporating  the  liquid. 

*Dr.  Turner,  of  England,  took  out  a  pa- 
tent in  1842  for  obtaining  alum  by  the 
decomposition  of  felspar. 

It  is  occasionally  made  from  the  pure 
materials  themselves.  The  finest  pottery 
day  is  caldned  in  an  oven  to  drive  off  the 
water^  and  the  vegetable  matter  combined 
with  It ;  it  is  then  placed  in  a  tank  sunk 
in  the  ground,  ana  to  this  is  added  enl- 

§buric  acid :  tne  reaction  is  so  powerful 
lat  both  together  soon  form  a  boiling 
mixture,  although  no  heat  be  applied. 
Water  is  then  added,  and  the  whole  al- 
lowed to  settle ;  the  dear  liquid  (solution 
of  sulphate  of  alumina)  is  then  pumped 
up  into  leaden  vessels,  where  it  receives 
the  addition  of  some  sulphate  of  potash 
as  a  means  of  giving  the  third  ingredient 
necessary  to  form  crystallized  auim.  It 
is,  however,  not  yet  pure,  or  fine  in 
quality,  and  has  to  undergo  the  process 
of  roaaiing :  this  is  meant  to  imply  the 
production  of  an  alum  similar  to  rock 
alum,  which  derives  its  name  from  Koc- 
clia  in  Syria,  where  it  was  finf>t  made. 
In  roaching,  steam  is  brouj^ht  to  act  upon 
the  alum  so  as  to  dissolve  it,  and  fonii  a 
stronff  solution.  This  is  done  in  a  lca<len 
vessel,  from  which  the  solution  is  trons- 
ferrcd  to  large  cylindrical  crystidlizintr  ' 
vessels^  where  it  attains  the  final  state  in 
which  it  is  sent  into  market.  i 

There  is  a  peculiarity  about  alum  which  ! 
has  led  to  an  entirely  new  branch  of 
manufacture.  Alum  is  not  necessarily  a 
sulphate  of  alumina  and  potash  ;  in  some 
instances  soda,  and  in  others  amtnoiiia, 
bos  beeiAised,  instead  of  potiish,  forming 
•oda  alum  and  ammonia  ahim.  Thc^e 
bodies  merely  aid  by  facilitatintr  the  ciys- 
tailization  of  the  sulphate  of  alumiim, 

!♦ 


but  they^  are  of  no  practical  sorvioe  in 
the  chief  purpose  to  which  alum  is  ap- 
plied in  the  arts :  the  sulphate  of  lUu- 
mina  is  the  real  working  agent,  and  if 
this  could  be  obtained  in  a  pure  and 
solid  state  the  alkali  would  in  most  cases 
be  unnecessary.  It  happens  that  the 
iron  contained  in  small  quantity  in  the 
day,  and  which  would  injure  the  alum  if 
allowed  to  remain,  is  with  difficulty  re- 
moved except  by  cr^'stallization ;  re- 
cently, however,  a  new  process  for  form- 
ing a  ^^  patent  alum"  has  been  adopted. 
In  making  this  alum  sulphuric  acid  and 
porcdain  clay  are  used  as  before,  but  the 
clay  is  used  in  greater  proportion,  so  as 
to  form  a  mortar,  which  is  placed  in  a 
heated  trough,  where  it  is  converted  into 
a  dry  earth :  thence  it  is  removed  to 
tanks,  where  water  dissolves  it:  and 
while  here  the  composition  is  acted  upon 
bv  an  agent  intended  to  remove  the  iron. 
This  is  jyellow  prussiate  of  potash,  which 
by  uniting  witti  the  iron  forms  Prussian 
blue ;  this  latter  is  allowed  to  subside, 
the  clear  liquor  decanted  off  and  boiled 
down  to  a  solid  residue,  which  is  formed 
into  cakes  two  inches  thick,  and  it  is 
sent  into  the  market.  It  is  now  an 
opaque  earthy  solid,  differing  from  com- 
mon alum  by  containing  no  potash.  The 
Prussian  blue  is  collected,  and  is  so 
treated  as  to  be  restored  to  the  fonn 
which  it  had  previous  to  use,  and  is  thus 
ready  for  a  fresh  quantity  of  crude  sul- 
phate of  alumina. 
Crystallized  alum  is  composed  of 

1  atom  of  sulphate  of  alumina, 
1  atom  of  Riilphttto  of  potash, 
24  atoms  of  water 

Or  by  weight — 

Ahimiim 10-82 

Potash 9-94 

Sulphuric  add 33-77 

Water 45-47 


100-00 


The  ammonia  alum  contains  more  water. 
ALUMINA.  An  earth  of  very  com- 
mon occurrence  in  primitive  and  secon- 
dary roeks  :  in  the  minerals  felspar  and 
mica  it  is  associated  with  silica,  iron, 
and  potash;  from  tlie  decoinpossltion  of 
the>e  cluy  is  foniicd.  It  is  the  oxide  of  a 
luctul  named  alniiiiiinm,  and  it  consists 
of  2  eciuivalents  ol"  that  iiietal  united  to 
3  e<iuivulents  (if  oxyL'cn.  it  can  be  ob- 
tained pure  by  advlinir  ammonia  to  a  so- 
hiti(»n  of  potash  alum,  washiu^r  the  jirc- 
cipilate  with  warm  water,  and  drying  it: 
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it  is  then  hydrnted,  or  united  with  water, 
from  wliich*  it  may  be  freed  by  cxpasure 
to  a  red  heat  in  a  crucible ;  it  is  then  a 
clear  white  powder,  soft  to  the  toucli, 
adhesive  to  the  tongue,  and  insohibic  in 
acids.  Its  density  varies  from  2  to  4, 
acquiring  the  latter  gravity  after  being 
burned  ;  when  mixed  with  a  small  quan- 
tity of  water,  it  becomes  doughy  and 
plastic:  if  dried  in  this  state  in  the  air, 
and  then  heated,  it  cracks  and  shrinks 
from  loss  of  water.  This  nropcrtv  is 
communicated  to  common  clays,  which 
cracks  in  great  droughts,  and  to  model- 
ling clays:  Wcdu'cwood  made  use  of  it 
as  a  measure  of  heat  in  his  pyrometer, 
which  is  now  obsolete.  Alumina  has  a 
great  athnity  for  coloring  principles  and 
organic  compounds,  and  its  use  in  dye- 
ing and  calico-printinor  depends  on  its 
atlinity  for  these  substances  and  for 
woody  fibre  :  from  its  double  atlinity  it 
seizes  upon  the  coloring  matter  and  upon 
the  tissue  of  the  stutl',  and  bnn<:s  them 
both  into  contact,  and  holds  tlicm  to- 
gether. It  is  on  this  account  the  basis 
of  morJanU.  When  ligneous  tibrc  is  not 
present,  and  alumina  be  added  to  a 
eoU»ring  matter  of  vc^'etable  or  aninuil 
origin,  it  unites  with  the  latter,  and  car- 
ries it  down  to  the  bottom  of  the  vessel, 
leaving  the  liquor  colorless.  Colors  so 
j^irepared  are  callwl  a  iake.  Alumiiui 
IrcsJily  made  is  soluble  in  acids,  and  acts 
as  a  base  to  them;  with  poiasli,  and  a 
few  otliL-r  bases,  it  unites,  and  acts  as  an 
acid.  \Vlien  moistened  with  nitrate  of 
cobalt,  and  exposed  to  a  red  heat,  it 
alfords  u  tine  blue  eolor,  by  which  it  may 
V»o    readilv   detected    in    small    .nianlitv. 

•  •  •  I* 

Aluniina  occurs  native  aiwl  pure  n»  the 
saj'phire,  oriental  ru1i\,  topaz,  and  elirv- 
Bolite.  (iil)l).»ite  and  dia-pore  eontani 
water  united  with  the  alumina  :  corun- 
drum  and  emery  arc  less  ]«ure  varieVu--*, 
where  the  alumina  is  mi.\e<l  with  a  little 
silica  and  oxidi*  (»f  irt'U. 

AM  A  Dor.  A  funu'u-i  (Itoletus  iL'ni- 
ariu>»,  which  crews  en  the  i-luiiy,  a--li, 
ami  other  trees,  ]>repare.l  by  the  (Jt-r- 
mans  into  tinder  lor  .-trikiiiLr  rn:ht>  \n  ith. 
It  is  trathercd  in  Autumn,  and  is  cut  and 
beaten  until  it  can  be  rciulily  turn  hy  tiie 
timrcr.  In  this  stat«'  it  i>  vahuiMc  a">  a 
stNptic:  by  stccj'iiii:  with  nitre  it  t'Tins 
the  tinder.  rull'-l)alls  are  iVe-iUently 
used  as  a  sub->tilutc  tor  amadou. 

AMAL(iAM.  The  union  of  mercury 
or  ',Mick>il\i'r  with  other  nu-taU.  Manv 
of  ii.c.-e  erystalli/e  detinitcly.  anil  may 
be  >c|.ariite(.l  iVom  the  c\cc>.>  nl'  mcJ"cnr\ 
with  wiiieh  they  arc  .-urrounded.     Titty 


arc  mostly  brittle  and  soft.  Tin  and 
mercury  unite  by  mere  rubbing ;  it  has  a 
high  reflecting  surface,  and  is  used  as 
the  back  of  looking-glasses.  Amalgam 
for  the  electrical  machine  is  made  of 
mercur>'  4  parts,  zinc  2  parts,  and  1  part 
tin.  These  when  melted  and  rubbea  up 
with  a  little  lard  are  lit  for  use. 

AMALGAMATION.  The  mode  by 
which  silver  ores  may  be  reduced,  mer- 
cury being  used  in  the  process.  The 
seiiaration  of  gold  from  sand  and  im- 
purities bv  mercury  is  an  amalgamation. 

AMBKK.  a  fos-il,  vegetable,  solid, 
resin,  of  various  tints  of  yellow :  it  is 
hard  and  transparent,  when  j>olished,  a 
little  heavier  tiian  water,  has  a  resinous 
taste,  and  an  odor  resembling  turpen- 
tine :  it  burns  readily,  giving  oft"  a  white, 
puntrent,  aromatic  smelling  vapor.  Bv 
iVietion  it  becomes  highly  charged  with 
negative  eleclrieity,  and  from  this  pro- 
perty bein;:  tirst  ob>erved  in  this  mineml, 
called  by  the  ancients  electron,  it  received 
the  name  electricity.  Accordlntr  toGop- 
pert  and  others,  amber  is  the  indurated 
resin  of  various  fo>sil  trees  of  the  family 
conilerie.  It  is  tbund  in  the  same  con- 
dition in  all  latitnrles,  lying  in  nodules 
or  ma>ses,  disseminatetl  in  the  >and  or 
fnigmcnts  of  lignite  (brown  coalj  of  the 
plastic  clay  at  the  junction  of  the  lower 
teriiary  with  the  upper  secondary  })cd 
(clialk*):  the  size  vanes  fn-m  that  of  a 
nut  to  masses  wiiLdiimr  >everal  j  oun.ds. 
It  i-^  sometimes  lomid  containing  insects 
— a  i>roof  ot'  its  once  beim:  in  a  hot\  or 
semi-Huid  condition.  I'ietet  has  num- 
bered Son  fossil  s['ccies  ot'  insects  oecur- 
riiiL'  in  it.  The  leather  of  a  I'ird  and  a 
little  ot"the  hair  oft  i:e  l>at  h;tve  been  lound 
imbedded,  with  om-  or  two  mollu>.eou3 
siu'lls.  'J  hoe  sjH'cies  are  thot-  whiih 
could  only  ha\c  inhabited  tropical  cli- 
mati'S.  ("ojial  re>^cmhles  amher.  :ind 
comnioji  eopal  incio.-inir  in>ect>  ha>  been 
ol'ten  traudulently  sold  lor  anil'«r.  It 
oceurs  in  Tomcrania.  and  on  the  other 
>horcs  <»!' the  Haltie,  thrown  up  on  the 
t'an'i  at'tcr  >torms.  It  is  tilso  lomid  in 
tin-  hc'l-i  of  ^in  am"-,  l*it^  arc  oi-ea-ion- 
ally  sunk  al'0\c  loo  f^et  down  in  the 
>aMd.  and  the  anil'cr  >ou::hT  t<>r  h\  !'. 
ti'ue  minimr  oj.»ration.  it  is  l"und  in 
Sicily  ar-oeiatctl  with  I'itiiiiicii  in  ticNof 
el.iN  and  marl;  al>o  in  I'oland.  Sa\<'ny, 
Siln  ria,  and  Greenland.  The  limr  kinils 
are  u,~cd  for  ornament.  a>  car-rin^^s, 
bracelets.  necklaei_>.  iVi'.  ;  and  tf!e  coai>e 
kiiul  in  niedicMic  aiid  the  art-.  Amlier 
di-'-'olvevl  in  dr_\in_'  lin>ced-oil  inakc^  a 
tf'od   dmahle   \arm.~h.      With   lesin,  a^- 
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phaltnm.  and  drying  oil,  it  forms  tho 
ooochmaker^s  vaniish.  Amber  furnishes 
an  oil  nsed  in  perfumery  and  also  suc- 
cinic acid  URod  in  chemistry.  (.Se«  Var- 
nish.) 

AMBERGRIS.  A  snbstaneo  used  in 
pcrf\imerv.  It  is  found  swimming  on  the 
soo.  off  tne  coast  of  Coromandel,  Japan, 
Moluccas,  and  Madagascar.  It  is  the  pro- 
duct of  a  diseased  condition  of  the  uver 
of  the  spermaceti  whale ;  its  color  is  gray, 
white  or  marbled  yellow,  and  blnck. 

AMIANTHUS.   A  homblend  mineral. 

(.S^-^   ASBEBTUS.) 

AMMONIA.  Volatile  alkali,  first  ob- 
tained by  Priestly  in  a  gaseous  fonn,  fVom 
sal-ammoniac,  wlicncc  its  name.  It  i:?  a 
volatile  gas,  composed  of  one  equivalent 
of  nitrogen  and  three  eouivalcnts  of  hy- 
drogen. It  is  found  in  tne  vegetable  aiid 
animal  kingdom.  Urine  decomposing 
always  contains  it :  hence  the  use  of  that 
tulmtancc  in  making  alum,  scouring  wool, 
Ac.  Ammonia  is  found  united  with  na- 
tive oxide  of  iron,  in  charcoal,  and  all 
soils  which  are  turned  up  and  cxpoficd  to 
the  air.  Rain  water  contains  traces  of 
ammonia  derived  fVom  the  air,  in  which 
it  is  present  in  minute  quantities. 

Ammonia  cannot  be  made  bv  the  direct 
anion  of  its  elements :  one  of  these  sub- 
stances must  bo  in  tho  nascent  state. 
The  usual  mode  of  manufacturing  is  to 
mix  sal-ammoniac,  or  hydro-chlorate  of 
ammonia  reduced  to  powder,  with  an 
equal  weight  of  fresh  slaked  slime  j  these 
are  to  be  put  into  a  retort,  with  in  at  so 
much  water  as  makes  the  mass  become 
lumpy;  on  applying  a  gentle  heat  to  the 
retort^  the  ammonia  comes  off  in  lari?c 
quantities  as  a  gns,  and  if  desired  pure, 
may  be  collected  in  vessels  over  the  pneu- 
matic trough.  By  this  process  the  lime  re- 
moves the  hydro-chloric  acid,  foniis  with 
it  chloride  of  calcium  and  water,  and  the 
ammonia  is  set  free  ;  if  received  into  ves- 
sel!* of  water,  it  dissolves  very  speedily, 
wotcr  at  5<)°  taking?  up  670  tiines  its  vo- 
lume of  p»y  and  the  density  of  the  solu- 
tion diminishes  as  the  strength  increavos. 
A  saturated  solution  of  ammonia  contains 
3-24  per  cent,  of  ^is,  and  has  a  sp.  gr.  of 
•J^Too.  This  is  called  liquid  ammonia,  and 
is  the  liquor  ammonia*  of  the  phannaco- 
pcia;  it  is  colorless,  transparent,  very 
pungent,  and  has  well  marficd  alkaline 
properties.  It  weakens  b^  exposure  to 
air  or  heat,  the  ammonia  flying  otf  rapidly. 
It  blues  red  litmus,  and  changes  vegeta- 
ble blues  to  green :  it  turns  turmeric  and 
vcifctttblc  yellows  brown,  and  unites  with 
acids  to  form  a  numerous  class  of  ?alt3. 


Organic  bodies  which  contain  nitrogen, 
in  fermenting  yield  ammonia,  and  gene- 
rally at  the  same  time  carbonic  add. 
When  hoofs,  bones,  tendons,  horns,  <fec., 
are  heated  in  iron  cylinders,  they  are  de- 
composed, and  carbonate  or  ammonia  is 
set  tree  along  with  an  empyreumatic  oil : 
when  freed  tVom  the  latter  it  is  termed 
itpirit  of  harUham,  Tho  gluten  of  corn, 
wheat,  and  other  oerealia,  yield  ammonia 
when  neated ;  it  is  also  found  in  soot,  and 
in  great  abimdance  when  bituminous  coal 
is  heated  to  redness,  as  in  the  manutxic- 
ture  of  gas. 

ANCHOR.  A  heavT  iron  hook  of  great 
strength,  used  to  hold  on  a  ship  to  the 
ground,  and  fasten  itself  in  a  certain  situ- 
ation by  means  of  a  rope.  Too  much 
importance  cannot  be  attached  to  the  me- 
chanism and  construction  of  anchors,  for 
upon  these  depends  tho  safety  of  the 
ship,  especially  on  lee  shores,  where 
otherwise  the  vessel  may  be  stranded  or 
wrecked.  The  earliest  anchors  were 
doubtless  heaN'y  stones,  around  which  a 
rope  passed,  and  which,  by  its  weight, 
retained  tho  vessel  in  its  nlace.  The 
Chinese  use  crooked  pieces  ofheavy  wood 
at  tho  present  day.  The  action  of  tho 
modem  anchor  is  to  bite  tho  ground,  and 
from  the  direction  of  tho  strain  upon  it, 
the  anchor  cannot  move  without  plough- 
ing up  tho  grouml  in  which  tho  nuke  or 
hook  is  sunk.  When  this  unhappily  oc- 
curs, it  ari(<es  from  the  softness  of  the 
ground,  or  the  violence  of  currents  and 
waves.  The  ship  is  then  said  to  drag 
her  jmohor.  Wiien  well  anchored,  tho 
cable  will  break,  or  the  fluke  will  be  snap- 
ped otr  and  lelTt  in  tho  soil,  rather  than 
Ioo?e  its  hold.  Anchors  have  diflfercnt 
names,  acconling  to  their  sizes  and  the 
puri>oses  they  serve,  as  sheet,  best  bower, 
small  bower,  spare,  stream,  and  kedgo 
anchor.  The  largest  ships  have  seven 
anchors,  the  smaller,  as  brigs,  cutters,  and 
schooners,  only  three  or  four.  The  ma- 
nufacture of  anchors  requires  great  know- 
ledge of  the  structure  of  iron,  and  skill 
in  niannfacturing  it. 

The  shank  of  an  anchor  is  made  long, 
so  that  the  stock,  or  cross-piece,  near  the 
cable-ring,  may  have  greater  power  in  <ii- 
recting  one  or  other  of  the  arms  down- 
wards:  where  it  joins  the  stock  it  is 
square  to  receive  an<l  hold  the  former 
securely.  In  the  sfjuarc  part  is  a  hole  for 
receiving  the  ring  fur  the  cal»lc.  The 
anns  fonuan  angh'  ol'.'')»>°  with  the  shaft, 
they  are  rounded  for  the  tirst  half  of  their 
length,  and  tho  renmindor  is  flattened 
out  and  is  called  the  blade.    The  length 
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of  the  arm  is  nearly  half  the  Icn^h  of 
itkQ  shaft.  The  stocK  is  gencrnlly  fonned 
of  two  CNik  beams  cmbraciug  the  square, 
and  firmly  united  by  nuts,  iron  bolts,  ana 
hoops ;  occasionally  it  is  mode  of  wrought 
iron,  and  then  it  posses  through  a  hole 
in  the  square. 

The  weight  of  anchors  for  vessels  is 
generally  apportioned  to  the  tonnage,  the 
weight  of  the  anchor  in  hundred  weights 
being  one-twentieth  the  number  of  tons 
of  burden, — thus  a  ship  of  1000  tons 
would  require  a  sheet-unehor  of  50  cwt. 
In  the  English  navy  1  cwt.  is  allowed  for 
every  gun  ;  an  80  gun  shiji  will  have  an 
anchor  of  80  cwt.  The  weight  of  an  an- 
chor ten  feet  long,  is  11*4  cwt,  and  if  all 
forms  of  anchor  be  the  same,  the  weights 
would  be  as  the  cubes  of  the  lengths : 
hence  the  weight  of  an  anchor  can  be 
found  by  multiplving  the  cul)C  of  its 
length  by  "OlM.  I'his  gives  a  8utH<'icntly 
close  approximation  ;  but  for  larL'o  an- 
chors this  is  too  snuill,  because  the  tliick- 
ness  is  greater  in  proportion. 

Anchors  have  Ik'cu  nuule  with  onlv  one 
arm.  Mr.  Stuurd  patented  one  ot^  this 
kind  some  years  jigo.  To  insure  the  an- 
chor falling  the  right  way,  with  the  tlukc 
do^vTi,  the  shank  was  shortened,  so  that 
when  suspended  by  the  cable,  it  will  cunt 
the  most,  and  when  it  hns  hold  in  the 
ground,  the  ship  will  ride  more  safely,  as 
a  long  shank  is  more  likely  to  be  bcMit,  or 
broken  from  its  hold.  The  bars  whieh 
compose  the  anchor  are  ]>ut  together  in 
one  length,  there  is  no  wohliiii:  tojretlicr, 
and  its  strength  is  thus  nmoli  iiiereased. 
The  groat  objeet  in  anehors  is  to  provide 
the  trreatet»t  .-NtrenL'th,  by  j»reser\  iiig  siieh 
a  disposition  of  the  fibres  of  the  metal  as 
shall  cr»ndijeo  to  this.  The  eros^int;  or 
bending  of  tihres  at  the  jimotion  of  the 
flukes  with  the  shank  aiul  with  tiie  erown 
should  be  avoided,  as  LTeat  stniiL'th 
is  required  in  these  parts.  In  thin  ri'- 
BpCet  most  anehors  are  di!"eeti\e,  for  in 
conncetiiiir  the  shanks  with  the  erowii- 
pieeis,  the  grain  of  the  metal  is  ero»c'd 
or  curved,  so  as  to  strain  the  lilin-  and 
indiieo  a  weakness.  Mr.  riper,  in  1>>Jl', 
proposed  new  tonus  :ind  eoii>;tnietions  to 
meet  and  overeome  this  ol»ivelion.  Mr. 
Kod^^ers.  ]/ieut.  11. N.,  Kiirriai.d.  in  IsiC 
patented  an  ini|)ro\ed  eoiistrurtioii  of 
etoeks,  shanks,  anus  aial  }>ahiis  oi  an- 
chors, in  siK-h  a  niininer,  that  they  will. 
with  the  same  weitflit  of  metal.  In- 
frtn'iiL'er  in  tlie  d'rtelioii  in  wiruh  the 
strain  comes  on  them,  and  lia\e  L'reater 
hoMiiiL!  j'"vv<'r  than  ;>ii_\  wjiieji  li;i\e  lii- 
tlitrlo  Iteeii  ii--Ld.     'I'lu'  I'orm  i^  ]>a><.d  on 


the  principle  of  the  wedge,  which  ia  a 
cross-section  of  the  stem  or  shank,  and 
being  of  a  rectangular  form,  is  better  cal- 
culated to  resist  the  strain  to  which  tliat 
particuhu"  part  is  subjected,  than  aiiv  an- 
chor of  the  usual  fonn.  The  stem  is  re- 
duced at  the  end  next  the  stock,  where 
the  principal  strain  being  torsion  or  twist- 
ing, it  is  better  suited  to  resist  than  any 
other.  The  ann  is  wedge-shaped,  the 
outer  circumference  of  the  are  Ixning 
broader  than  the  inner,  thus  dis|X)sing  of 
the  metal  so  as  to  olDtain  the  greatest 
amount  of  strength,  and  at  the  same  time 
have  a  greater  holding  power  by  the  pres- 
sure of  the  soil  on  the  sides  of  the  anus. 
The  palms  are  made  with  the  bevelled 
sides  111  front  instead  of  the  back,  as  hi- 
therto :  this  also  proihiees  a  greater  hold- 
ing power,  for  in  dnigging  the  anchor  ho 
found,  from  aetinil  exiK'rimont,  that  the 
soil  tills  up  behind  the  palm,  and  prevents 
the  water  entering  the  rut.  In  xpl^lying 
one  part  of  this  invention  to  anehors  al- 
ready made,  a  pieee  of  iron  is  welded  on 
to  the  front  of  the  arm  to  form  the  palm, 
the  parts  projceting  beyond  the  arm  oeing 
bent  baek,  and  lorming  the  hovelled  sur- 
faces, whieh  will  have  a  similar  eU'ect  to 
that  already  deserihed  when  the  palms 
are  forged  out  in  the  solid. 

Anehors  are  sometimes  li:d)le  to  be  dis- 
turbed \)\  yt'imml  /<>  being  tbrmeil  at  the 
bottom  of  the  water;  this  oeeurs  when 
the  teini>crature  is  lo-sver  and  the  water 
not  deep.  Anelmrs  to  whieh  buoys  h;ivs 
been  attaelu'd,  ha\e  been  raided  in  the 
Haltie  >ea  o\\  iiiir  To  this  eaiise.  and  stones, 
fr<tm  o  to  t'l  lbs.,  have  been  Heated  to  the 

I  stirliHo  by  the  lif'tiiiLT  power  of  the  iee. 
Under  siieh  eirenm<>taiu'(^,  the  sl.«w  l«tr- 
malion  of  ice  round  an  antli"r  ti  iul>  to 
[ri\e  it  a  liriiiiL;  power  and  make  it  rela- 
tively liL'liter,  so  that  upon  a  >liL'ht  mov- 
intr   force  apj>Hcd   to    it,  or  e\cn  )ij  on  ;». 

I  t'urther  loriiiation  ot'  ice.  the  anchor  gra- 
dually ri>cs  nlll  of'  thr  soil. 

I  ANClloW.  SmalNoi't  tinned  ti-he<  of 
the  lierriiej"  .-I'ccic.-,  iiihabitiiiL'  the  troj)i- 
eal  seas  ot'  tlii"»  (ontimnt  and  linfia. 
The>  are  cauirht  in  the  Mcdifcnniiciin  ^ea 
in  abund.Micr  from  .Ma,\  lo.luI\.  tin-  ti>li 
then  Ica\  iiiL'  the  Atl:intii'  to  d(  po>it  t l.i  ir 
spawn  on  tiu<-e  «-hori'>.  'fhr  ti>hiiiL'  is 
carri*  il  on  l>y  niLrhf,  the  antliovii<  iH-inir 
altniited  1»_\  the  cliairoal  1ir»s  u  hich  are 
burned  in  the  stern  of  tlu-  ImmT"^.  Tlie 
head,  LTilIs.  and  (iitrai!>^  are  reniov  e<l.  and 
11m'  bodir>  >;illrd  ;ind  |'.irj^(d  in  ^Uiall 
ca>k>,  I'li'ln  .">  to  •_'.')  Ills,  w  i  i'_'ht.  alnl  if'tje 
air  h;i\e  bt  m  cNrludtd,  \\n\  Will  kci'p 
li^ood  \\>v  an\  kiii^th  oi'  tinic. 
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AKEHOMJCl*£R.  A  measare  of  the  ve- 
locity or  force  of  wind.  To  nsoertain  this 
force  ia  sometiinee  of  considerable  mo- 
ment to  mechanical  science.  Cronne,  in 
the  17th  ccntary,  and  Wolflns  and  others 
in  later  times,  have  invented  instraments 
for  this  purpose  -with  bat  partial  success ; 
in  them  the  vclodtv  of  the  wind  was 
measured  by  ita  mecnanical  force,  as  by 
the  compression  of  a  spiral  spring,  or  by 
the  elevation  of  a  wcignt  round  a  centre, 
acting  at  the  arm  of  a  variable  lever. 
Lei«lic*s  anemometer  depended  on  the 
principle  that  a  stream  or  air  had  a  cool- 
ing power  in  proportion  to  its  velocity. 
Lindas  anemometer  raises  a  column  of 
fluid  above  the  general  level  of  its  sur- 
face. It  consists  of  two  tubes,  9  inches 
long  and  i  inch  wide,  connected  together 
at  the  bottom  by  a  tube  of  ver}'  narrow 
bore ;  a  thin  metal  cap,  bent  at  right  an- 
gles, is  fitted  upon  one  extremity,  so  that 
it  may  receive  the  current  of  air  in  a  hori- 
zontal direction.  The  tubes  are  half  filled 
with  water,  and  a  scale  on  which  inches 
and  tenths  can  be  road  off.  is  placed  be- 
tween the  tubes.  When  tne  wmd  blows 
into  the  cap  it  depresses  the  water  in  th% 
first  tube  and  ruses  it  in  the  second,  so 
that  the  distance  of  the  surfaces  of  the 
fiuid  is  the  length  of  a  column  of  water 
eaual  to  the  base  of  the  column  of  fluid. 
Tne  absolute  velocity  of  the  wind  is  cal- 
culated from  the  height  of  the  column  of 
water,  or  it  mav  to  ascertained  from 
tables  made  for  tne  purpose. 

Dr.  Whewel's  form  of  anemometer  is 
one  in  much  use.  By  means  of  a  vane 
a  windmill-fly  is  presented  to  the  wind, 
the  fly  revolving  with  more  or  less  velo- 
city, "according  to  the  rapidity  of  the 
wind.  By  means  of  an  endic:«8  screw  and 
wheel-work  attached,  the  motion  of  the 
fly  brings  a  pencil  down  over  a  fixed  cy- 
linder, tracing  a  certain  path,  which  muy 
be  longer  or  shorter,  as  tne  wind  is  rapicl 
or  slow.  The  pencil  descends  only  one- 
twentieth  of  an  inch  with  10,0(X)  revolu- 
tions of  the  fly.  The  surface  of  the  cylin- 
der is  whitcd,  and  divided  into  thirty-two 
equal  parts  by  vertical  lines,  the  spaces 
corresponding  to  the  points  of  the  com- 
pai**,  »o  that  a  mark  left  by  the  pencil  in 
the*»e  spaces  indicates  theairectionof  the 
wind.  The  pencil  moves  in  two  ways : 
downwards  to  indicate  the  veloi-ity,  and 
laterally  to  indicate  its  direction.'  The 
cylinder  is  flxed,  the  vane  and  wheel- 
work  being  on  a  turning-table  to  which 
the  pencil  is  connected,  and  these  arc 
obedient  to  the  wind.  The  friction  in 
this  machine  is  very  great,  arising  from 


the  wheel-work  and  the  pendl ;  in  th« 
former  it  chiefly  resides,  because  a  rapid 
motion  has  to  be  converted  into  a  descend- 
ing slow  one. 

Osler^s  anemometer  traoesthe  direction 
of  the  wind  and  its  prebsure  upon  a 
given  space,  with  the  fail  of  run,  on  a  re- 
gister divided  into  twenty-four  spaces, 
corresponding  to  the  hours  of  the  day. 
A  dean  paper  register  is  placed  on  the 
board  every  dav^  which  is  carried  on  by 
clock-work  beliind  three  pencils  or  in- 
dices. The  board  moves  on  friction  rol- 
lers, and  is  kept  constantly  and  hourly 
moving,  so  that  a  continued  record  or 
trace  of  the  direction  and  pressure  of  the 
wind,  together  with  the  amount  of  rain, 
is  left  on  the  paper,  and  it  indicates  the 
direction,  the  duration,  and  the  force  of 
the  wind. 

Mr.  Plulipps,  in  a  paper  read  to  the 
British  Association^  has  reprodaced  Les- 
lie's principle  in  his  "  Anemoscope,"  in 
which  he  proposes  to  measure  tlie  velo- 
city of  air  by  tlie  rapidity  of  evaporation, 
and  the  cold  produced  thereby.  When 
the  bulb  of  a  thermometer,  covered  with 
cotton  wool,  is  immersed  in  water  and 
exposed  to  the  air,  the  evaporation  is 
known  to  produce  a  given  amount  of 
diminution  of  temperature,  and  when 
the  thermometer  is  moved  through  the 
air,  the  rapidity  of  evaporation  is  in- 
croascd.  By  repeated  trials  in  tranquil 
air,  and  when  the  thermometer  was  in 
motion,  he  was  enabled  to  ascertain  the 
increased  rates  of  cooling  by  various  de- 
grees of  speed,  and  on  the  other  hand  to 
tell  the  amount  of  speed  bv  the  rapidity 
of  cooling.  He  tested  the  instrument  on 
the  South-Western  Railway  (£ngland), 
and  when  the  carriages  were  at  the  velo- 
city of  thirty-8ix  miles  an  hour,  his 
new  anemometer  indicated  corrcctlv  the 
amount  of  velocity  in  its  being  helcl  two 
feet  from  the  carriage. 

Dr.  Kobinson,  of  Armagh,  Ireland,  in 
184C  constructed  and  worked  an  aiicmo- 
meter,  the  connection  of  the  motion  of 
which  with  the  velocity  is  subject  to  lit- 
tle variation,  and  is  of  easy  determination. 
It  consists  of  two  or  three  arms  attached 
to  a  spindle,  carrying  at  their  extremities 
hollow  heniisphercs  of  tin  and  coi>pcr, 
with  the  hollows  of  the  liemisnheres  jill 
turned  in  the  one  direction.  The  force 
ot"  the  wind  exerted  on  the  concave  sur- 
face bcinif  four  times  greater  than  on  the 
c<mvex,  the  si>indle  is  made  to  turn  in 
the  same  direction,  whatever  wav  the  wind 
blows.  Attached  to  the  spindle  ore  the 
count-wheels  of  a  gasometer,  and  the  ve- 
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lodty  tlius  determined  is  exactly  the  one- 
thira  of  that  of  the  wind.  So  trivial  is 
the  friction  7n  this  machine  compared 
with  its  power,  that  its  motion  was  quite 
perceptible  in  breezes  which  were  too 
gentle  to  disturb  the  leaves  on  neighbor- 
ing poplar  trees.  It  is  the  most  correct 
anemometer  as  yet  invented. 

ANEROID.  A  new  patent  French  ba- 
rometer. The  principle  of  its  construc- 
tion is  this :  a  cylinder  of  copper,  with  a 
very  thin  and  corrugated  end,  was  par- 
tially exhausted  and  hennctically  sesiJed, 
the  effect  of  the  varj'ing  pressure  of  the 
atmosphere  on  the  thin  end  was  ma^rni- 
fied  by  a  system  of  levers,  so  as  to  atiect 
the  index  of  a  dial  verj-  little  larger  than 
that  of  a  watch.  The  mdications  of  this 
instriunent  have  been  tested,  by  placing 
it  under  the  receiver  of  an  air-jjunip,  and 
observing  its  march  in  comparison  willi 
the  indications  of  the  long  gauge,  and 
they  were  found  to  agree  to  le.^s  than 
one-hundredth  of  an  inch.  Tlie  con- 
struction of  this  barometer  consists  in 
*'  the  application  of  thin  sheets  of  metal, 
glass.  India-rubber,  or  other  tlexible  ma- 
terial, to  certain  ajiparatus  cmi'loyed  for 
measuring  the  pressure  and  elastieity  of 
the  air  and  other  tluids  in  su<h  u  nian- 
ner  as  to  form  a  buffer,  or  cushion,  suscep- 
tible of  the  slightest  variation  of  j)rcssurc 
of  the  atmosplicre  or  fluid  with  wliich  it 
is  in  contact,  and  indicatintr  the  amoujfit 
of  pressure  by  the  amount  of  denrossioii.^ 
A  detailed  desoription  of  tliis  i>arometer 
is  given  in  the  London  Mechanics.*  Maga- 
zine, No.  liJo7. 

ANIME.  An  exu<lation  of  tlic  cour- 
baril  tree  of  Cayeniie-  aiiil  the  J^iuiitorial 
districts  of  Soutli  Anurjca.  It  is  exj'orti-d 
in  lumps  of  ditfert-nt  si/.«s.  often  in<"lud- 
ing  pt-rffct  insfct-<,  and  parts  of  otln-r  or- 
ganii-  remains  of  living  .si.ories:  lu-ncc  it 
has  derived  its  nam»-  as  bcitur  anim;ited. 
It  contains  a  little  volatile  oil.  is  ri'siiioiis, 
of  a  liirlit  hrown  (.•olor,  biittle,  and  trans- 
])arcnt.  xVleoliol  ami  I'sseiitial  oil  of 
caoutchouc  mi\e«l,  dissolve  anime  into  a 
jelly,  but  not  ncrfcetly. 

ANNEALlS'd,  or  Niat.inc..  A  j»ro- 
ecss  ap]>lit'd  in  the  jn:inula«turi'  (»t"  irln-'S 
and  soiiio  iiu'tals.  ti'  j-rtviiit  tlu'  )»ailitU-^ 
arraiiL'inir  t}icm^»l\(->  in  thai  c.ihditi'in 
wliich  produfo^  a  l.rittir  ((Ualily,  Wlun 
a  Lflas-N  vesst'i  i-i  allowed  to  foi.j  iiniiitdi- 
atrly  atu-r  bciiiL'  Mown,  it  will  ot'trii  hear 
to  Ik-  struck  vii<l«ntly  on  tlu-  ont-i-l*  \\  ith 
a  stone  or  hammer  without  injury  ;  l»ut 
if  a  >maU  I'ieee  el'  ula-^  l-e  Lfently  dro|.|..-d 
into  it.  iVk  S  to  )«ieee>  eitjirr  initiiedinleiv 
or  after  a  tew  minute> — i:  >-lii:lil  serateli 


is  often  suflicient  to  break  it.  This  curi- 
ous phenomenon  of  unannealed  glass  is 
illustrated  in  the  Bologna  «Ai^,  and 
Prince  Rupert's  drops.  The  former  will 
bear  a  pistol  bullet  to  fell  on  it  from  a 
height  of  two  feet  without  harm ;  but  if 
a  grain  of  sand  drop  into  it,  it  flies  to 
pieces.  These  phials  lose  this  property 
oy  age.  Ruperrs  drops  are  glass  melted 
otf  a  rod,  and  allowed  to  drop  into  cold 
water :  many  will  bureit  in  the  water,  but 
those  which  escape  show  the  unanneal- 
ed property  renuirkaV>]y.  They  may  be 
struck  with  a  hammer  on  the  buli>-end 
unharmed  ;  but  snapping  off  an  extrem- 
ity of  the  capillary  tail,  makes  the  whole 
drop  fly  to  jueccs  so  small  as  to  be  fine 
dust.  If  the  drops  and  the  pliials  be 
hcatcnl  and  allowed  to  cool  slowly,  they 
lose  this  property.  I3y  sudden  cooling, 
the  jMirtieles  of  glass  have  not  time  to 
arrant^e  themselves  in  that  fonn  which 
con>tituti'S  stable  ecjuilibrium,  and  hence 
on  the  sliirhtc'^t  disturbance  at  favorable 
points,  an  attempt  is  made  at  rc-arrauge- 
nient.  Gla.-s  forms  one  of  the  few  ex- 
ceptions to  the  law  tliat  bodies  contract 
in  siz(!  in  passing  from  the  fluid  to  the 
solid  fonn.  When  it  is  allowed  to  cool 
slowlv  its  molecules  arrange  themselves 
in  a  hbrous  form  so  that  freedom  of  mo- 
tion or  elasticity  of  the  wh.olc  mass  re- 
sults ;  and  the  substance  can  projiagatc 
vibrations  from  one  extremity  to  the 
other.  But  when  melted  «la>s  is  sud- 
denly cooled,  the  solidirtcatioii  of  the  sur- 
face occurs  so  last  that  the  particlo  (»f 
the  inteii<.)r  are  enclosed  bctorc  they 
have  had  time  to  arran;»'c  themselves  in 
this  ('lastic  condition.  The  cohesion  of 
the  particles  is  hut  sliu'lit,  a  partial  lorcc 
overturns  it.  Drinking'  i:!a>sts  whieh 
arc  unatmcaled  and  h!i|')>en  to  be  thick, 
are  ea>ily  hrokcii  on  that  account  wlieu 
they  arc  thr-iwn  into  vibrations.  While 
annealini.''.  the  Ldas>  is  ki|>t  at  a  condition 
nearly  fluid  for  >e\eral  hours,  by  which 
means  tin*  interior  ]-articles  rati  expand 
and  erv>tal]i/e  n-L'iilarly.  Mr.  Pellat  has 
proved  that  this  arianLriiiient  ot"  j-artichs 
•  [o,-^  take  jilace  :  he  f'-uiiil  iliat  two  tul>es 
o!"  eijual  M/.e  (forty  inches  li.n<j'.  the  one 
whi'-li  wa-'  annealed  contra<ted  one-si\- 
tfcnth  o|"  an  inch  more  than  that  wliii'h 
wa>c<iM]id  in  the  air.  (IIa>>c-' w  hi*  h  ale 
cX|>osed  to  rajid  tran-itioiis  of  tcm]>era- 
turc.  may  l»e  amnalid  hotter  than  is  done 
in  the  irla-'^  house,  hy  plaeiu:;  them  in  a 
\e-<el  >A'  cold  \\atcr  and  rai^iin;  it  to  tin- 
l-oirniLT  point,  aii'l  kitpinL:  it  s<»  for  .-onie 
hour.-.  ].amp--liadc>  <»ULrlit  to  i>c  heated 
alw  a\  <  in  this  \\a\ . 
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When  metals  have  been  hammered 
out  verv  much  they  become  brittle,  and 
they  wfll  crack  if  it  be  carried  much  far- 
ther :   their  maUeabUity  ia  restored  by 
the  workman  annealing  them,  or  heating 
them  red  hot.    The  annealing  seems  to 
remove  the  doseness  of  the  proximity  of 
the  particles  of  metal  which  the  hammer- 
haracnin^  had  produced.    In  the  manu- 
jkcture  of  some  articles  of  steel  after  they 
have  been  hammered  into  shape,  they 
are  annealed  to  allow  of  their  being  cut 
bv  the  scissors  or  file.    In  wire  drawing, 
in  the  rolling  and  flattening  of  vessels, 
it  is   necessary  to    anneal  occasionally, 
otherwise  the  metal  w^ould  become  too 
hard  and  would  not  extend.    Iron  and 
steel   are  occasionally  annealed   in  the 
open  Are,  and  left  to  cool  gradually  by 
mnple  removal.    This  oxydizes  the  sur- 
faces and  destroys  the  steeling. 

Soft  metals,  such  as  tin  and  lead,  are 
annealed  bv  being  dipped  into  hot  water. 
ANNO'rtO.  The  red  coloring  matter 
of  the  Bixa  Orellana,  a  plant  of  the  West 
India  islands,  where  it  is  cultivated  on 
the  banks  of  rivers.  As  obtained  m 
commerce,  it  is  a  diy  and  hard  paste, 
made  from  the  seeds  mto  a  pulp,  which, 
after  having  fermented,  is  rolled  into 
pieces  of  two  or  three  pounds'  weight : 
It  is  imported  under  the  names  annotto, 
Koucou,  or  Orteans,  and  is  used  occa- 
sionally as  an  orange  dye  and  for  color- 
ing cheese.  It  imparts  little  color  to  wa- 
ter but  dissolves  in  alcohol  and  alkaline 
solutions :  its  color  is  not  materially  al- 
tered bv  acids  or  alkalies. 

ANTHRACITE.  (Gr.  dv0pa(,  charcoal.) 
Mineral  carbon.  A  difficultly  combustible 

species  of  coal.  ^      .    t 

^NTIAR.     (A.  Upas.)     A  Javanese 

AN TI- ATTRITION.  A  compound  ap- 
plied to  macliincry  to  prevent  the  ctfects 
of  ftiction.  It  ft-equently  consists  of  a 
mixture  of  plumbago  with  some  greasy 

material.  ^ 

ANTICLINAL  AXIS.    (Gr.  dvri 

again^t^  and   cXiwik,   to  inline.)     If   a 

range  of  hills  or  a  valley  be  composed  of 

ilrau  wliich,  on  the  two  sided,  dip  in 


oppo!*ite  directions,  the  imaginary  line 
that  lies  between  them,  towards  which 
the  strata  on  each  side  rise,  is  called  the 


anticlinal  axis.  In  a  row  of  housea  with 
steep  roofa  facing  the  south,  the  slateu 
represent  indincd  strata  dipping  north 
and  south,  and  the  ridge  is  an  east  and 
west  anticlinal  axis  (Lyell).  In  the  an- 
nexed diagram,  a  a  are  the  anticlinaJ,  h  b 
the  svnclinal  lines. 

A^TIMONIC  ACID.  The  peroxide  of 
antimony.    (See  Antimony.) 

ANTIMONY.    A  brittle  metal  of  a 
silver  white  color;  spedflc  gravity,  6*7. 
Fuses  at  810°,  or  just  at  a  red  heat.   The 
principal  properties  of  this  metal  were 
first  described  in  the  "  Currus  Trium- 
phfdis  Antimonii"  of  Basil  Valentine, 
published  towards  the  end  of  the  18th 
century.   When  heated  in  an  open  vessel, 
it  graaually  combines  with  oxygen,  ana 
evaporates'  in  a  white  vapor.    There  are 
three  oxides  of  antimony.   The  protoxide 
consists  of  65  antimony  +  12  oxygen ;  it 
is   a   grayish  white   powder  eminently 
purgative,  sudorific,  and  emetic;  and  as 
such,  of  much  importance  in  medidne. 
It  is  the  active  base  of  emetic  tartar  and 
of  James's  powder.    The  other  oxides  of 
antimony,  from  combining  with  certain 
bases,  have  been  called  antimonious  and 
antimonic  acid  ;  they  consist  respective- 
ly of   65  antimony  +  16  oxygen,   and 
6*5  +  20.     The  combination  of  chlorine 
and  antimony  was   known    to  the  old 
chemists  under  the  name  of  bvtt^r  o/arir- 
timony.    The  principal  ore  of  antimony 
is  the  aulpharei :  it  is  met  -with  in  com- 
merce, melted  into  conical  ingots,  under 
the  name  of  crude  antimony.    It  is  of  a 
bluish  gray  color,  metallic  lustre,  and  a 
striated  texture ;  specific  gravity  4-62 ;  it 
is  much  more  easily  fusible  than  the  pnre 
metal.     Antimony  forms   brittle  alloys 
with  some  of  the  most  malleable  metals : 
when  gold  is  alloyed  with  a  two-hun- 
dredth part  of  antimony,  the  compound 
is  brittle;   and  even  the  fumes  or  anti- 
mony in  the  vicinity  of  melted  gold  arc 
sufficient  to  render  it  brittle.    Alloyed 
with  lead  in  the  proportion  of  1  to  16,  and 
a  small  addition  of  copper,  it  forms  the 
metal  used  for  printer's  types  :  with  lead 
only,   a  white  and  rnthcr  brittle   com- 
pound is  formed,  used  for  the  plates  upon 
which  music  is  enpriived.    W  ith  iron  it 
forms   a   hard  whitirth    alloy,   formerly 
called  fnartial  requluft:  12  parts  of  tin  iind 
1  of  antimony  ^orm  hard  pewter.     The 
white  metal  spoons  and  teapots  arc  form- 
ed of  an  alloy  of  100  tin,  8  antimony,  2 
bismuth,  and'2  copper. 

Antimony  is  the  htinimi,  or  stibium,  of 
the  old  chemists.  The  protoxide  of  anti- 
mony has  been  used  in  France  and  Eng- 
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land  lately  as  a  white  paint  in  subRtita- 
tion  for  carbonate  of  lead. 
Al^ATITK.    Native  phosphate  of  lime. 

(See  PHOflPHOKlTE.) 

APHKITE.  A  Boft  £5riable  carbonate 
of  lime. 

AQUA.  Water.  A  word  of  uncer- 
tain derivation. 

AQUA  MARINE.    Beryl. 

AQUA  FORTIS.    Nitric  acid. 

AQUA  REGIA.  A  mLxture  of  ni- 
tric and  muriatic  acids,  so  colled  from  its 
power  of  dissolving  the  noble  metals,  gold 
and  platinum. 

AQUATINT.  (Lat.  aqua,  ivat^r,  tinta, 
dyed.)  In  eu^aving,  a  species  of  exe- 
cution resembling  an  Indian  ink  drawing 
in  effect.     (iSee  Engraving.) 

AQUEDUCT.  (Lat.  aqua,  water,  and 
ductus,  a  conduit.)  A  conduit  or  chan- 
nel for  conveying  water  from  one  place 
to  another ;  more  particularly  applied  to 
structures  erected  tor  the  purpose  of  con- 
veying the  water  of  distant  sprin<^  across 
valleys,  for  the  supply  of  larije  cities. 

The  lar«;est  and  most  magnitiecut  aque- 
ducts, with  the  existence  of  which  we 
are  acquainted,  were  the  work  of  the 
Romans ;  and  the  ruins  of  several  of 
them,  both  in  Italy  and  other  countries 
of  Europe,  remain  to  the  present  time 
monuments  of  the  power  and  industry 
of  that  enterprising  people.  The  aque- 
duct of  Appius  Claudius  was  the  most  an- 
cient, and  constructed  in  the  442d  year 
of  Rome.  It  conveyed  the  Aqua  Appia 
to  the  city,  from  a  distance  ot*  between 
7  and  8  miles,  bv  a  deep  subternuieuu 
channel  of  more  thim  11  miles  in  lcu<rth. 
Tiie  aqueduct  of  (^uintus  Martins  was  a 
more  extraordimiry  structure.  It  eoui- 
meuccd  at  a  spriu;;  83  miles  distant  from 
Rome,  made  a  circuit  of  three  miles,  and 
afterwards,  forming  a  vault  of  16  feet 
diameter,  it  ran  3y  miles,  alon^'  a  series 
of  arcades  at  an  elevation  of  70  Enirlish 
feet.  It  was  formed  of  three  distinet 
channels,  placed  one  above  the  other, 
conveying  water  from  tliree  diti'erent 
sources.  In  the  uppermost  flowed  the 
Aqua  Julia;  in  the  second,  the  Aqua 
Tepula  :  and  in  the  uudenuost,  the 
Aqua  Martia.  The  Aqua  Virginia,  con- 
stru»'ted  by  Airrij)pa,  pa-ssed  throuy:h  a 
tunnel  of  MOO  paces  in  len^i^tii.  "The 
Aqua  Claudia,  begun  by  Nero,  and  tiii- 
isheil  bv  Cluiuruis,  conveyed  the  water 
from  a  di.stauee  of  8*5  miles.  This  aque- 
duct formed  a  subterraneous  ^t^eanl  of 
'60  iiiiles  in  leiiixth,  and  Wiis  sui)})orted 
on  arcades  tlirouirh  the  extent  of  7  mil«;s  ; 
and  such  was  the  aolidil}  of  its  coualrue- 


tion,  that  it  continues  to  supply  the 
moaem  city  with  water  to  the  present 
day.  The  waters  of  the  river  Amo  were 
also  conducted  to  Rome  by  two  ditlereut 
channels ;  the  first  was  carried  througli 
an  extent  of  48  miles,  and  the  latter 
through  upwards  of  63  miles,  of  which 
6k  miles  lormed  one  continued  series  of 
arches,  many  of  them  upwards  of  100 
feet  in  height.  Nine  great  aqueducts 
existed  at  Rome  at  the  commence lueut 
of  the  reign  of  Ncrva.  Five  others  were 
constructed  by  that  emperor,  under  the 
superintendence  of  Julius  Erontiuus ; 
and  it  appears  that  at  a  Inter  period  the 
number  amounted  to  twenty.  The  sup- 
ply of  water  furnished  by  tiiese  dittereut 
works  was  enormous.  '*  According  to 
the  enumeration  of  Frontinus,  the  nine 
earlier  aqueducts  delivered  every  day 
14,018  quinaria.  This  corresponds  to 
27,743,100  cubic  feet.  "VVc  may  there- 
fore extend  the  supply,  when  all  the 
a<iueduets  were  in  aeiion,  to  tlie  enor- 
mous quantity  of  .'j(J,ooo,00o  cubic  feet 
of  water.  Reekoni ng  the  populatiou  of 
anoteut  Rome  at  a  million,  which  it  pro- 
bably never  execeiled,  tliis  would  fur- 
nish no  less  than  50  cubic  feet  for  the 
daily  consumption  of  each  inhabitant." 

Tlie  remains  of  some  Roman  aqueducts 
in  other  parts  of  Europe  give  evidence  of 
the  existence  of  works  on  a  still  more  inug- 
nitieeut  seale  than  those  of  Rome.      (Jf 
these  the  aqucdiiel  of  Mutz  wjis  one  of  t  he 
most  renuu-kable.     A  number  of  its  ar- 
cades still  remain.      It  extended  aer<»ss 
the  Moselle,  a  river  of  very  eoiisiderablc 
breadth  at  this  place,  and  conveyed  liie 
Water  of  the  Goise  to  the  eit\  of  Metz. 
The  water  was  received  in  a  reservoir, 
whence  it  was  eoutlucted   l>y   subterra- 
neous canals,  formed  of  hewn  st<>nc,  and 
so  spacious  that  a  man  might  walk   in 
them   upright.      The   arches   appear   to 
have    been   oi.i   in   number,  ana  .>0  feet 
high  at  the  deepest  part.     Some  of  the 
nuddle  ones  have  been  swcjit  away  by 
the  descent  of  ice  down  the  nver ;  those 
at  the  extremities  still  remain  enure. 

Tlie  Jii[iieduet  of  Se;j;ovia,  in  Sjtain,  is 
in  a  still  more  perfect  relate  tlian  that  of 
Metz.  About  l.)0  of  its  aroadt->  remain, 
ail  lormed  of  lar^v*.  stones  withoni  ce- 
ment. Tliere  arc  two  r(>\v><  of  arcades, 
the  one  al)ovc  the  other,  an<l  tlie  hi  ilthi 
of  the  edifice  is  about  loit  tcct.  pa.->in:_'' 
over  the  greater  part  of  the  h<•u^e^  uf  tJiC 
citv. 

Aijueduets  iuive  been  c<»n«itructed  in 
modern  time.>,  iiarticulaily  in  hr.ince, 
wliieii  rival  those  of  tae  ancient  Romans. 


arc] 


CYCLOPEDIA  OF  THE  USEFUL  ARTS. 


17 


One  of  tho  mofit  remarkable  "was  con- 
Btructed  by  Louis  XIV.,  for  conveying 
the  waters  of  the  river  Eure  to  Ver- 
Railles.  It  extends  aboat  4400  feet  in 
length,  or  nearly  aeven-eighths  of  a  mile, 
and  is  upwards  of  sJOO  feet  in  height.  It 
contains  242  arcades,  each  divided  into 
three  roi**®,  forming  in  all  726  arches  of 
50  feet  span.  The  introduction  of  cast- 
iron  pipes,  which  has  only  taken  place 
within  the  lost  century,  has  superseded 
the  use  of  such  expensive  structures.  {JSee 
Cbotos  Aqueduct.) 

AQUEOUS  SOIL.  Agr.  and  Hort. 
Soil  naturally  abounding  in  water,  the  fluid 
being  supplied  by  springs  in  the  subsoil. 
AQUETrTA.  (Ital.  littU  water.)  A 
celebrated  poison  used  by  the  Romans 
under  the  pontificate  of  Alexander  VIL 
It  was  probably  a  preparntion  of  arsenic, 
and  was  also  Known  under  the  name  of 
a^ua  Toffana^  from  a  woman  of  the  name 
of  Toffuna,  who  prepared  it  at  Naples. 

ARAB.  The  Jiarbary  name  ol  Thvja 
articulata,  tho  tree  whose  wood  is  chiefly 
used  by  the  Mahometans  of  Africa  for 
the  construction  of  their  mosques,  and 
whose  resin  is  tho  sandarach  of  com- 
merce. 

ARBOR.  The  spindle  or  axis  which 
communicates  motion  to  the  other  parts 
of  a  machine. 

ARCii.  (Lat.  arcus,  a  low.)  In  build- 
injr,  a  structure  of  stones  or  bricks,  or 
clLstinct  blocks  of  any  hard  material,  dis- 
posed in  a  bow-like  form,  and  support- 
ing one  another  by  their  mutual  pres- 
hu'rc.  In  describing  arches  some  techni- 
cal terms  are  made  use  of,  which  it  will 
he  convenient  to  define.  The  arch  itself 
is  formed  by  the  vouiseoirs,  or  stones 
cut  into  the  shape  of  a  truncated  wedire. 
the  uppermost  of  which  ut  C  is  callca 
the  key-stone.  The  seams  or  planes,  in 
which  two  adjacent  voussoirs  are  uiiiled, 
are  called  the  joints  ;  the  solid  musonry, 
A  E  and  B  F,  ai^ainst  which  the  extrem- 
ities of  the  arcn  abut  or  rest,  arc  called 


the  obutments  :  and  the  line  IVoni  wliioh 
the  arch  sprinps  nt  A  a  B  l,  the  imjost. 
The  lower  line  of  the  nnh-stonrs.  A  < '  H, 


is  the  intradoB  or  soffit ;  the  npper  line, 
the  extrados  or  back.  The  beginning  of 
the  arch  is  called  the  spring  of  the  arch  ; 
the  middle,  the  crown  ;  the  parts  be- 
tween the  spring  and  the  crown,  tho 
haunches.  The  distance  A  B  between 
tho  upper  extremities  of  the  piers,  or  the 
springing  lines,  is  called  the  span,  and 
C  D  is  the  heigiit  of  the  arch. 

There  is  considerable  difficulty  in  de- 
termining the  form  which  an  arch  ought 
to  have,  in  order  that  its  strength  may 
be  the  greatest  possible,  when  it  sustains 
a  Joad  m  addition  to  its  own  weight ;  in 
fact,  the  determination  cannot  bo  accu- 
rately made,  unless  we  know  not  only 
the   weight   of  tho  materials   the  arcn 
has  to  support,  but  also  the  manner  in 
which  the  pressure  is  connected  ;  that  is 
to  say,  unless  we  know  the  amount  and 
direction  of  the  pressure  on  every  point 
of  the  arch.     Supposing,  however,  that 
the  arch  has  to  sustain  only  its  own 
weight,  and  supposing  further,  that  the 
friction  of  the  arch-stones  is  reduced  to 
nothing,  a  relation  between  the  curve 
and  tiie  weight  of  the  vouesoirs  mav  be 
found  by  comparing  the  pressures  which 
are  exerted  on  the  difl*erent  joints.  Thus 
the   pressure  on  any  joint,  *  q  for  ex- 
ample, arises   from  the  weight  of  that 
portion  of  the  arch  which  is  between 
8  q  and  the  summit  C  H.    Now,  the  por- 
tion of  the  arch  C  qsW  is  sustainca  by 
tliree  forces  :  the  pressure  on  the  joint 
8  q,  the  pressure  on  0  II,  and  its  own 
weiglit.      Let  8  q  be  prolonged  till  it 
meets  C  D  in  O,  and  let  n  be  its  inter- 
section with  A  B.     It  is  a  theorem  in 
statics,    that   when  a  body  is  held  in 
equilibrium  by  three   forces    balancing 
each  other,  these  forces  are  proportional 
to  the  three  sides  of  a  triangle  foniiedby 
lines   respectively  perj)endicular  to  the 
directions    of  the    forces.      The    three 
forces  sustaining  C  <7  ^  II  are,  thenlore, 
proportional  to  the  sides  of  the  Irinn-j-lc 
<)  1>  n  \    for  the  pressure  on  *  q  acts  in 
the   direction    peri-endicular   to   n  o  or 
O  n  ;  the  pressure  on  CIl  is  pcrpendicu- 
hir  to  D  ( ),  and  n  D  is  perpenclicuhir  to 
tlic  direction  of  gravity.     The  ]trcs!?ure 
on  J? '/  is,  therefore,  to  tlie  jjressure  <m 
C  II  as  n  D  to  IK).     In  like  manner,  llic 
voussoir  p  r  q  8  bein;;  so   sha}>cd    that 
/•  y>,   when  produced,  meets  O  11  in  the 
point  U;    the  j.rcssure  on  the  j»'int  r  ;> 
IS    to   tliut   on   <■   11,    a*^    VI  I)   to   I)  O. 
H<  lice,  the  j)r(  ssure  on  so  ih  to  the  pres- 
hutc  on   /•  y  Jis  1)   //  to  b  *//.      ^Ve  are 
tlius  led  to  infcrtiuitthe  voussoirs  ou;:]it 
to  increase  in  lengtli,  from  tlit-  key-stouc 
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to  the  piers,  proportionally  to  the  lines 
D  »,  D  m,  <fcc. ;  for  in  this  cose,  the  sur- 
faces of  the  joints  being  increased  in 
proportion  to  the  pressure  thev  sustain, 
the  pressure  on  everv  point  of  the  arch 
will  DC  equal.  It  will  also  be  observed 
that  the  anele  n.  O  D  is  coual  to  the 
angle  made  oy  a  tangent  to  tue  cur\'e  at 
q^  and  the  horizontal  line  parallel  to 
A  B;  the  angle  m  O  D  equal  to  that 
made  by  the  tangent  at  p  and  the  hori- 
zontal line ;  and  the  radius  D  O  remain- 
ing constant,  D  n  is  the  tangent  of  the 
point  of  these  angles,  and  D  m  of  the 
second ;  hence  the  pressures  on  the  suc- 
cessive joints  are  proportional  to  the  dif- 
ferences of  the  tangents  of  the  arches 
reckoned  from  the  crown.  From  this 
property,  when  the  intrados  is  a  circle 
given  in  position,  and  the  depth  of  the 
key-stone  is  given,  the  curve  of  the  ex- 
tnidos  may  be  found.  When  the  weights 
of  the  voussoirs  are  all  equal,  the  aroli  of 
equilibration  is  a  catennrian  curve,  or  a 
curve  having  the  form  which  a  flcxiV>le 
chain  of  uniform  thickness  would  ais- 
Bume  if  hanging  freely,  tlie  extremities 
being  suspended  from  fixed  i>oinls. 

Such  is  tlie  form  which  theory  shows 
to  be  the  best  adapted  to  give  Hlrent,'th 
to  an  arch,  on  the  supposition  that  there 
is  no  superincumbent  pressure.     But  it 
seldom  if  ever  hnpy»cnK  that  this  is  tlie 
case,  and  therefore  it  is  entirely  uiuioces- 
sarv,   in   the   actual   construction   of  :iii 
arcli,  to  adhere  closely  to  the  f<»rni  deter- 
mined  on  the   uhove  sujtpoHition.      In- 
deed,   on  account  of  tlie   friction  of  the 
materials  and  the  adhesion  of  the  cement, 
the  tbrm  of  the  arch,  within  eert:iin  lim- 
its, is  ouite  immaterial,  for  the  (.leviatiun 
from  tlic  form  of  e<j>iilihrati<^n  mii.>t  he 
very  considerable  before  any  dan^'cr  can 
arise  from  the  slijjpinirof  the  iirch-stoncs. 
The  Koman  arches  are  almost  semi-cir- 
cles, yet  they  have  lasted  many  centuries. 
The  arch  is   not  fouml   in  aii    I'/jvptian 
building  nor  in  the  earlier  (Jreck.     Tlie 
Romans  understood  the  aclvant;ii:e  of  the  ' 
arch   from  an  early  period.     The  cloaca  ' 
maxima  is  of  the  a_'c  of  the   Tartpiins. 
The    Etruscans    oriu'iiiated    the    arcju'il 
dome,  and  the  Uoinuns  first  a|ii>lied  the  ! 
nrch    to    bridiTcs    and    a<iucdiirt-i.      The 
pointed  arch  was  introdiic,  -1  in  the  mid- 
dle   aL'es    by    tin*    associated     !ircliitect>. 
who  have  let't  extant  the  ni.lilest  ]>il.  s  .-f 
architecture,   ami    in   which   the   an-h    is 
multiplied  and  combined  in  all   |'o-i<iblL' 
wavs.     (  >'»  HKnx.r..  i 

AKCIIIL.     (h:-/,i/.    r.u.lh,.,)'.    A\ioK.t! 
dye  obtained  from  many  s|>cci(.'rt   of  li- 


chen, chiefljr  the  Booella  Hndcriaj  fud- 
formis^  which  grow  in  large  quantities 
in  the  Canary  Islands.  Archil  is  chiefly 
used  to  improve  the  dye  of  other  colors, 
and  to  give  richness  and  brilliancy  to 
them.  The  lichens  grow  on  rocks  near 
the  sea ;  they  are  collected  and  fermented 
with  ammoniacal  liquor,  which  brings  out 
the  color ;  the  mass  is  then  pressed  out. 
and  made  into  a  paste  with  chalk  ana 
plaster  of  Paris.  It  is  then  archil.  The 
colorinar  mattier  is  due  to  the  chemical 
principle  orclne.  In  silk-dyeing  archil 
produces  the  lilac  color;  it  economises 
the  use  of  indigo  on  woollen  cloth.  It 
also  stains  marble  violet. 

AREOMETER.  An  instrument  for 
measuring  the  density  or  specific  gravity 
of  liquids. 

ARGAND.    {See  Lamps.) 

AROIL.  Argillaceous  earth.  A  name 
applied  to  the  earth  of  clay,  termed  alu- 
mina, from,  its  being  found  so  pure  in 
alum. 

ARGOL.    The  tartar  of  wine. 

ARICINA.  An  jilkaloid  discovered  by 
Pelletier  in  a  species  of  cinchona. 

ARRACK.  A  s|^)irituoua  liquor  ob- 
tained by  distilling  icrmentcd  rice  or  the 
juice  of  the  eoiH^a-nut. 

ARR(nV  ROOT.  Tlie  commercial 
name  of  the  starch  obtained  by  washing 
the  grated  root  of  the  maranta  arundi- 
nnccix,  which  it  yields  to  the  amount  of 
twenty- five  to  thirty  per  cent.  It  is 
sometime"*  adulterated  with  potato  starch, 
and  the  fraud  is  not  easily  detected  ;  it, 
however.  L'ives  a  disai:reeal)lc  flavor  and 
snu'll,  like  that  of  the  raw  potato,  and 
forms  n  Ic^s  firm  jelly  with  hot  water 
that  when  the  arrow  root  is  genuine. 

The  roots  when  oiuj  year  old  are  dug 
and  washed;  they  are  trrated,  :uid  the 
j^nljiy  matter  atjitated  with  water.  The 
fibres  are  c< elicited  by  han<l  and  removed, 
and  the  milky  ru|Uf»r  strained  through  a 
sieve  an<l  left  to  sttlle.  The  wliite  pasty 
mas-;  is  tlu*  arrow  root,  which  is  perhaps 
airain  \\a>hcd,  then  dried,  and  packed 
for  exjtortation.  The  arrow  root  of  Ber- 
muda is  coMsulercd  the  finest.  Toux  le 
mills,  or>tarch,  is  obtaitu'd  from  the  roots 
of  eajina  coi-ciiic-.i ;  (  Uaheite  arrow  root 
fr.»m  the  tacca  ]'iiinatifida.  The  E;ist  In- 
dian from  a  i'n-<'iiin<i,  and  the  ]*ortland 
arrow  r"ot  fr-'in  iii mn  })t<ii-iihtt n in  are  oc- 
casi-uially  u<ed  as  siib>«titutis.  The 
i:rain>  of  arr"W  root  arc  in  the  forin  of 
small  'jlobi'-i  o|-  vplicrc"'  when  viewed  by 
the  mi<Tosc(ijte. 

Ai:sK.\l('.  A  vtrv  sol\,  brittle,  and 
emmently    poi.-unous   metal,    of   a   steel 
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gnr  color :  its  sp.  gr.  5*7.  It  volatilizes, 
exlialing  a  strong  odor  of  garlic,  before 
i^  fuses,  at  a  temperature  ot  865°  F.,  and 
is  easily  inflammable.  It  combines  with 
oxygen  in  two  proportions ;  and  as  both 
coinpounds  are  sour,  and  form  salts  with 
bases,  they  have  been  termed  arsenious 
and  arsenic  acids:  the  former  is  com- 
posed of  88  arsenic  and  12  oxygen,  and 
the  latter  of  38  arsenic  and  20  oxygen.  Ar- 
Bcnious  acid  is  more  commonly  known 
under  the  name  of  fghiU  argenic.  and  is 
the  usual  state  in  which  this  poison  oc- 
curs in  commerce ;  it  is  obtained  during 
the  extraction  of  several  of  the  metals 
from  their  ores,  and  is  a  white,  brittle, 
semi-transparent  substance,  having  little 
taste,  but  is  virulently  poisonous.  Its 
sp.  ffr.  is  8*7.  It  forms  a  dull  white 
powaer,  and  it  is  in  this  form  that  it  is 
usually  sold.  When  heated  in  the  flame 
of  a  candle,  it  rises  in  the  form  of  a 
white  poisonous  vapor,  and  exhales,  in 
ccjiisequence  of  its  partial  reduction,  a 
strong  sarlicky  smell:  1000  parts  of  cold 
water  dissolve  about  2i  of  white  arse- 
nic ;  but  when  the  water  is  boiled  with 
the  arsenic,  1000  parts  take  up  between 
77  and  78  ;  and  this  solution,  alter  stand- 
ing a  few  days,  deposits  rather  more 
than  half  of  the  white  arsenic,  in  the 
form  of  small  crystals,  retaining  about 
80  grains  in  permanent  solution.  White 
arsenic  dissolves  in  the  alkfUies,  and  com- 
bines with  the  metallic  oxides,  forming  a 
class  of  salts  called  arseniies :  they  are 
all  poisonous.  Of  these  the  arsenite  of 
potash  is  used  in  medicine,  under  the 
name  of  Fowlcr^s  mineral  solution  :  it  is 
employed  in  very  small  doses  in  the  cure 
of  agues,  and  is  an  effective  remedy,  but 
requires  much  care  in  its  administnition. 
vVhen  white  arsenic  is  taken  as  a  poi- 
son,— ^that  is,  in  large  doses,  it  produces 
violent  spasmodic  pains  of  the  stomnch 
and  bowels,  attended  by  a  sense  of  heat, 
and  constriction  in  the  mouth  and  throat; 
^n  increased  flow  of  saliva,  tightness 
about  the  head,  itching  of  tnc  face  and 
neck,  and  nausea.  These  symptoms  are 
succeeded  by  vomiting  and  purging  and 
excruciating  pains  ;  the  pulse  atflrst  full, 
hard,  and  frequent,  siuKs  and  becomes 
irretrularlv  feeble,  and  dnmminess  of  the 
tkiiij  colcf  sweats,  pur|>lc  spots^  and  con- 
vulsions, precede  death ;  or  if  the  pa- 
tient escape  this  catastrophe,  it  often 
happens  tnat  hectic  fever,  paralysis,  ond 
mental  and  bodily  debility,  attend  him 
for  tho  remainder  of  his*  days.  It  is 
oi\en  said  that  the  bodies  of  persons 
poisoned  by  arsenic  are  very  prone  to 


putrefaction;  but  this  does  not  appear 
to  be  always  tho  case.  After  deatn  the 
stomach  and  bowels  are  usually  found 
inflamed,  but  often  only  slightly  so ;  and 
it  appears  from  Sir  B.  Brodie^s  observa- 
tions, that  this  poison  kills  by  some  pe- 
culiar action  upon  the  heart  and  nervous 
system.  The  treatment  of  persons  thus 
poisoned  consists  in  promoting  the  vo- 
moting  by  an  emetic,  composed  of  a  so- 
lution of  20  grains  of  sulphate  of  zinc  in 
two  ounces  of  water,  aiaed  by  copious 
draughts  of  warm  barley-water  or  gniel ; 
but  the  most  effective  means  of  getting 
rid  of  the  arsenic,  is  by  the  use  of  tho 
stomach-pump,  which,  wnen  immediately 
resorted  to,  has  often  saved  the  patient. 
The  after-treatment  requires  much  cir- 
cumspection. 

The  only  ready  means  of  ascertaining 
the  presence  of  white  arsenic  is  by  heat- 
ing the  suspected  substance  upon  a  red- 
hot  coal,  or  in  the  flame  of  a  candle  or 
spirit  lamp,  when  it  will  exhale  the  pe- 
culiar arsenical  odor  resembling  that,  of 
garlic ;  but  the  treatment  of  persons  poi- 
soned by  arsenic,  and  its  detection  in 
doubtfiil  cases,  must  be  left  to  the  medi- 
cal man  and  the  chemist.  It  is  impossi- 
ble too  strongly  to  represent  the  evil 
which  results  from  the  unfettered  sale  of 
arsenic,  and  from  the  unwarrantable  use 
of  it  as  a  poison  for  rats,  and  as  a  veteri- 
nary remedy,  for  it  is  thus  that  it  finds 
Its  wav  into  culinary  vessels,  srets  acci- 
dentally mixed  with  articles  of  food^  and 
that  bottles  which  have  contained  it  are 
used  for  beer,  wine,  vinegar,  or  medi- 
cine :  its  sale  should  be  rigidly  prohibited. 

This  metal  occurs  native  in  the  slate 
of  white  oxide  (arsenious  acid) ;  also  with 
sulphur,  known  os  yellow  and  red  ar- 
senic. It  is  associated  with  a  great  many 
metallic  ores,  but  chiefly  with  cobalt  in 
Silesia,  in  Europe.  It  is  separated  from 
that  metal  by  roastinp,  ond  the  arsenic  is 
obtained  as  white  oxide.  Arsenic  enters 
into  the  composition  of  flint  glass,  tho 
body  of  which  it  whitens  and  nurifies : 
it  is  apt,  however,  to  make  tiie  glass 
milky.  It  is  used  in  candle-making,  to 
remove  the  crjstiUline  tendency  of  stca- 
rine.  It  is  also  used  to  destroy'  mts  and 
vermin.  It  has  a  remarkable  tendency 
to  preser\'e  the  parts  of  the  animal  body 
it  is  brou|Erht  into  contact  with,  and  hence 
it  has  been  U!*cd  in  the  stutfing  of  birds 
and  the  preservation  of  other  objects  of 
natural  historj-.  To  ninkcanap}no|>riate 
preparation  l3umas  gives  the  following 
recipe : 

White  soap  and  arsenious  acid,  of  eacb 
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100  part» ;  carbonate  of  potasli,  80  parts ; 
camphor,  15  parts;  quicklime,  12  parts. 
The  potash,  soap,  and  lime,  are  melted 
toifether;  tlien  the  arsenic  is  added. 
The  camphor  is  dissolved  in  alcohol,  and 
added  in  when  the  mass  is  cold.  Some 
of  this  soap  mixed  with  water  is  laid  on 
with  a  brush.  Arsenic  alloyed  with  me- 
tals makes  them  more  brittle  and  fusi- 
ble :  with  copper  it  forms  ichite  iornl^v. 

Arsenic  acta  is  more  soluble  and  sour, 
but  equally  poisonous  with  the  arsenions 
acid.  Its 'salts  are  called  ariJi^n-j'tf/^*,  and 
the  arscniate  of  pota.'*h  obtained  by  de- 
flajjratinjET  a  mixture  of  white  arsenic  and 
nitrate  of  potash  is  occasionally  used  in 
medicine  :  it  is  the  active  ingredient  in 
the  tasteless  accrue  drop.  It  is  also  used 
in  calico-printins:  as  a  resist  paste  laid  on 
by  blocks  to  prevent  the  mordant  acting 
on  the  cloth  in  those  places. 

ARTESIAN  FOUNTAINS,  or  AR- 
TESIAN WELLS.  (Fr.Puits  Art^sions.) 
Vertical  perforations  of  the  exterior  crust 
of  the  earth,  of  smiill  diameter,  and  fre- 
quently of  srreat  depth,  throuL'h  whieh 
subterraneous  water  arises  to  the  sur- 
face, often  fonninp:  abundant  and  ele- 
vated jets.  The  name  Artesian  is  derived 
from  Artois,  a  province  of  France,  whi^rc 
especial  attention  has  been  given  to  this 
means  of  obtain inir  water  ;  but  it  ap- 
pears, from  sufficient  historical  evidence, 
that  wells  of  this  kind  were  perfectly 
well  known  to  the  ancients.  NiebnliV 
cites  a  yMiBsngo  from  ()lvm}/iadorns,  who 
flourished  at  Alexandria  about  the  mid- 
dle of  the  sixth  century,  in  which  it  is 
stated  that  when  wells  are  duir  in  tlie 
Oasis  to  the  depth  of  two  hiindri-il.  three 
hundred,  or  sometinu's  live  hundnd 
Yards,  rivers  of  water  mish  out  I'lDin 
their  orifices,  of  which  the  aLrriciilturisTs 
take  advant:i<:e  to  irritrate  their  fields. 
The  oldest  Ailesiaii  well  known  to  exist 
in  France  is  in  the  ancient  c(»iivciit  ot'the 
Chartrenx,  at  Lillers  in  Artois,  It  is  said 
to  have  been  made  in  Il'jtj.  Others  exi.-t 
at  StuttLMrt,  of  (rreat  antiijiiity.  thouLrh 
their  dates  eanii"t  he  fixed  with  j^re- 
eision.  The  inhabitants  of  the  Ln<'at  de- 
sert of  Sahara  aj'pear  also  !<>  have  bcr-n 
l«'ii<r  ai*«iiiainted  with  this  ni'»de  ol"  ob- 
tainiiiL''  water,  and  the  Chinese  are  said 
(bnt  the  truth  ot'the  statement  is  <jiiis- 
tioiiable)  to  have  practised  it  Ibr  thou- 
sands ot' years. 

\'ari(«us  conjcctiircs  have  been  iiiade 
as  to  the  source  ot' the  water  wbieh  eonu-s 
Iroin  the  Artesian  wells.  It  was  lon^' 
believed  that  the  water  ot' the  sea  must 
Dceessarily  penetrate  Ity  way  of  infiltra- 


tion into  the  interior  of  the  continents, 
and  at  length  form  large  bodies  of  sub- 
terraneous waters,  which,  excepting  for 
capillary  influences,  would  not  n.se  above 
the  general  level  of  the  ocean.  Another 
opinion,  maintained  by  Aristotle,  Seneca, 
Cardan,  and  even  Descartes,  was,  that 
the  subterraneous  water,  fVom  which  the 
sources  of  rivers  and  springs  are  sup- 
plied, is  the  product  of  the  condensation 
of  a<jueou8  vapors  ascending  from  the 
interior  parts  ot  the  earth  in  consequence 
of  the  central  heat.  But  these  liypo- 
theses  are  founded  on  mere  conjecture, 
unsupported  by  the  slightest  evidence, 
and  consequently  merit  no  attention. 
The  simi)lcst  and  most  natural  explana- 
tion is,  that  the  water  of  ordinary  wells, 
of  Artesian  fountains  and  rivers,  is  sup- 
plied by  tlie  rain  which  falls  on  the  sur- 
face at'  a  hiirher  elevation,  and  which 
penetrates  through  the  pores  and  fissures 
of  the  proundtill  it  meets  with  some  im- 
permeable stratum,  or  is  collected  in 
subterranean  reservoirs.  It  has  been 
ol>jected  that  springs  arc  sometimes  situ- 
ated on  or  near  the  summits  of  moun- 
tains, which  could  not  be  supplied  in 
this  way  ;  but  on  an  attentive  examina- 
tion of  all  the  circumstances — that  is  to 
say,  on  measuring  accurately  the  extent 
of  surface  at  a  greater  elevation  than  the 
spring,  and  comparing  it  with  the  quan- 
tity of  rain  that  falls  annually  in  the 
same  climate,  it  has  been  found,  in  every 
instance,  that  the  aqueous  deposition 
from  the  atmosphere  greatly  exceeds  the 
su]tj)ly  from  the  s])rinir.  It  is  computed 
that  not  more  than  a  third  part  of  the 
rain  which  tails  in  the  vallevof  tiie  Seine 
I  is  <'on\eye<l  to  the  sea  by  tVic  river;  the 
i  remainiiis.'  two-thirds  Mipport  vegetation, 
I  sn]i|)ly  fountains  and  sjinno's.  or  are  re- 
turned to  the  atniosjihere  by  evapora- 
tion. The  immense  bodie>  (tf  water  which 
sonu'  coiitim'ntal  rivers  roll  towards  the 
oec:ni  are  V>ut  a  small  j'ait  of  the  rain 
whicli  falls  in  the  surroundiiii^  countries. 
The  averairc  fall  of  rain  in  these  lati- 
tu<les  is  al'out  4o  inches  of  rain,  or  about 
r..ruio  tons  (A'  water  de]>ositcd  in  the 
course  of  the  year  on  (Xfry  acre.  In 
sMiidy  di>iriets  this  rain-water  penetrates 
like  a-'  throuLdi  a  ,-icve.  In  mines  sunk 
in  lime-tone  rocks  the  water  inen-ases 
in  the  LMllcries  very  remarkably  al^tcr  a 
fall  ot"  rain. 

A>>-nmin!.',  then,  tliat  the  subterra- 
neous A\aler  is  su]>i'!ied  from  atmospher- 
ical de|.osition.  it  I'cmain.-  t«»  be  cxjilained 
how  it  arrives  at  the  situation  it  oeviipies 
in  the  interior  of  the  earth,  and  by  what 
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forcc(»  it  is  raised  from  great  dipths  to 
the  piirfiice. 

All  (>ersons  who  have  paid  the  slight- 
est attcution  to  geology  arc  aware  that  in 
stratified  countries  (and  it  is  in  such 
only  that  Artesian  wells  exist)  different 
beds  of  rocks  are  superposed  on  one 
another,  and  ranged  in  a  certain  constant 
order.  The  strata  sometimes  follow  a 
horizontal  direction  for  a  considerable 
extent  of  country ;  at  other  places  they 
arc  inclined,  ana  even  placed  perpen- 
dicularly to  the  horizon,  naving  the  ap- 
pearance of  having  been  bent  and  burst 
through  by  the  action  of  a  powerful  force 
f^om  beneath.  In  those  cases  the  edges 
of  the  strata  are  often  exposed,  cspeciiuly 
on  the  summits  and  flanks  of  hills,  to  the 
action  of  the  atmosphere. 

The  following  diagram  illustrates  this  : 
it  represents  a  basin  composed  of  perme- 


able strata  (a  a  a)  separated  by  imper- 
meable layers  {h  o  h).  The  water  which 
fulls  on  the  edges  of  a  on  the  side  x  will 
sink  down  and  fill  the  beds  until  the 
water  rises  on  the  other  side,  ond  lias  a 
tendency  to  run  out  at  A.  IftuVK'sl)C 
sunk  in  the  middle,  as  at  c  d  e  t\  the 
water  will  flow  up  these  tubes  until  it 
attains  the  level  or  the  beds  of  clny  ut  h ; 
and  08  the  ground  at  the  place  of  smking 
is  on  a  lower  level,  the  water  will  rise  in 
the  tul>c  considerably  above  the  surface, 
and  will  be  thrown  up  with  great  force. 

Between  the  strata  are  frequently  found 
beds  of  permeable  sand,  through  whioh 
water,  coming  in  contact  with  them,  must 
necessarily  pass,  first,  through  the  in- 
clined part  oy  virtue  of  its  snecific  gra- 
vity, and  then  in  the  horizontal  brunches, 
by  virtue  of  the  pressure  of  the  water 
remaining  in  the  elevated  portions  of  the 
strata.  In  this  manner  the  water  insinu- 
ates itself  between  the  ditfercnt  strata ; 
and  hence  we  may  expect  that  in  locali- 
ties where  the  tertiar>'  stratificjition  pre- 
vails, as  nuinv  distinct  sources  of  suhtor- 
rant'ous  water  will  be  met  with  in  pene- 
trating perp<  ndicuiarlv  through  the  sur- 
face, as  there  are  distinct  layers  of  a 
sandy  or  gravelly  nature  reposing  on  im- 
permeable strata.    This  consequence  of 


the  theory  is  perfectly  oonflrmed  by  ex- 
perience. M.  Arago  mentions,  that  in 
digging  for  coal  near  St.  Nicholas  d'Alier 
mont,  a  short  distance  from  Dieppe, 
seven  distinct  and  copious  sources  of 
water  were  found,  the  respective  depths 
of  which  were  :  Ist,  between  80  and  100 
feet ;  2d,  828  feet ;  8d,  from  570  to  5l>0 
feet ;  4th,  from  6l>0  to  710  feet ;  6th,  820 
feet ;  6th,  940  feet ;  7th,  1090  feet ;  and 
the  occasional  force  of  each  source  was 
very  great.  Similar  occurrences  arc  fre- 
quent in  the  neighborhood  of  London, 
and  are  familiar  to  all  miners.  Bui  it  is 
not  enough  that  the  structure  of  the 
country  is  such  that  water  can  percolate 
between  difl'erent  strata ;  the  phenomena 
of  Artesian  fountains  could  not  be  ex- 
plained without  supposing  it  to  be  col- 
lected in  large  quantities,  and  fonning 
Bubterrancon  reservoirs  of  immense  ex- 
tent. That  such  reservoirs  exist,  no 
doubt  can  bo  entertained.  The  cele- 
brated fountain  of  Vaucluse  sends  fortii 
at  all  times  a  stream  of  water  sufficient 
to  term  a  considerable  river.  Even  in 
the  driest  seasons,  when  the  water  is 
least  plentiful,  it  produces  5780  cubic  feet 
per  minute.  After  great  rains,  its  pro- 
duct is  thrice  as  great.  The  mean  quan- 
tity emitted  is  9360  cubic  feet  per  minute, 
or  about  5632  millions  of  cubic  feet  in  a 
year.  Many  other  examples  of  the  same 
kind  might  he  cited ;  showing  that  water 
must  not  only  be  collected  in  subtcr- 
raucous  cavities  in  immense  quantities, 
but  that  it  also  passes  freely  from  one 
j»laee  to  another.  In  fact,  the  disposition 
of  the  rocks  in  strata  permits  the  water 
to  be  eolleeted  under  the  surface,  and  to 
be  conveyed  without  waste,  as  if  in  close 
pipes. 

Aecordiuff  to  the  view  which  has  now 
been  taken  of  the  manner  in  which  sub- 
terraneous water  is  collected,  its  eleva- 
tion to  the  surface  through  a  imtural  fis- 
sure or  artificial  perforation  is  a  siinj>lo 
result  of  hydrostatic  pressure.  General!  v 
speakinc,  it  is  only  on  the  acclivities  f>f 
hills,  or  in  elevated'  place^»,  that  the  edL'Cs 
of  the  strata  arc  exposed,  and  where, 
consequently,  the  rain  water  can  he  re- 
ceived under  beds  of  imiHTUJCjiblc  ma- 
terials. Conceive  two  strata  of  clay,  or 
rocks,  as  a  and  />,  havintr  a  bed  of  sand 
or  other  matter  pcnncahlc  to  water  inter- 
posed, an«l  siijipusi-  that  d  is  the  }»lacc 
where  the  cdL'cs  <»f  the  strata  dr<'i>  out, 
or  where  a  fissure  allows  a  I'rcc  (■ii1r:m(c 
of  the  water  to  the  ]icniical>Ic  stnituin. 
The  water  at  first  dcst-cii<ls  thiouLdi  the 
cflect  of  gravity  ;  it  then  passes  along  to- 
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wardtt  b  in  consequence  of  the  presanre 
exercifted  by  the  t^uperior  part  of  the 


column  near  d.  Now  suppose  n  perfora- 
tion to  be  iniwlc  at  <>,  and  continued  till  it 
reaches  through  the  stnituni  «.  the  water 
will  naturally  continue  to  rise  till  it  enins 
the  same  altitude  as  /i,  or  at  lesiist  till  it 
reaches  the  surface,  if  below  that  alti- 
tude. The  water  in  fact  between  the 
two  impermeable  strata  in  in  the  same 
circumstances  as  in  an  artificial  pipe  ;  and 
if  the  surface  of  the  ground  at  <  is  con- 
siderably lower  than  </,  the  ascensional 
force  may  be  sutticicnt  to  cause  a  con- 
siderable jet. 

Some  Artesian  fountains,  tor  example 
that  at  Lillcrs  in  Artois,  are  situated  in 
the  middle  of  inmiensc  plains,  where  not 
the  most  insignificant  hnl  is  to  be  seen  on 
any  side.  In  such  cases  it  may  l>e  in(]uired 
where  we  are  to  look  for  those  hydrosta- 
tic columns  whose  pressure'  causes  the 
rise  of  the  subterraneous  water  to  the 
level  of  the  lowest  points  i  The  answer 
is  obvious  :  we  must  sui>|>osc  tluMii  placed 
beyond  the  limits  of  \itw;  at  the  dis- 
tance of  50.  loo,  or  'Jo"  miles,  or  even  at 
a  greater  distance.     The  ueee>sity  of  siij)- 

f>osin$;  the  existence  of  a  sul)terrane<nis 
i(|uid  coluuin  of  two  or  three  hundred 
nnles  of  extent,  caniint  npiTur  a  ^eric>lls 
objection,  when  it  is  cMisulrred  that  the 
same  geoloiricnl  Htnicture  has  been  I'ouriil 
to  jtrevail  sometimes  ovir  even  a  much 
greater  extent  of  country. 

The  water  which  rises  in  Artesian  wells 
of  preat  depth  is  remarkably  warm,  and 
is  used  for  heatin<:  grernhon>es  and 
dwellinsrs,  and  for  wasli'yj;^'  yniri'oses. 

There  are  no  jrcojotrieail  eapal)ilities  in 
this  country  for  the  sinkiuL'  of  Artesian 
wells  to  any  depth,  or  for  any  certainty; 
they  are  eliictly  r>unk  in  bi-dn  of  the  ii}»- 
per  >eeond-siry  tttrniiition.  whi«li  have  not 
at  all  the  same  txtent  of  (Uv(lopnii.nt  «'n 
this  as  on  the  Ka.>tcrn  heinisplu  re. 

The  fountains  in  tlu-  jtnrUs  of  New 
York  and  other  iitie<,  :ict  upon  tin-  smn*- 
nrineiplf  as  Arte.-ian  ucjls  :  thu-*  in  N»  \v 
1  ork,  the  water  wliich  is  thrown  uj)  in 
Union  Square  and  the  Park  has  a  ten- 
dency to  rise  to  the  hei<rht  of  the  suriaee 


of  the  water  in  the  lower  distributing 

reservoir. 

ASBESTU&— AMiANTncB.— A  mineral 
in  which  the  long-needle  crystals  have  a 
fibrous  appearance.  It  is  a  variety  of 
homblena  or  trcmolite,  so  soil  in  t-exture 
as  to  be  span  and  woven  in  fiax,  and  from 
its  ineomoustibie  nature,  the  doth  made 
of  it  may  be  cleansed  when  dirty  by 
burning  it.  The  ancients  wrapped  Iheir 
dead  in  this  cloth  before  bunnng,  to  keep 
the  ashes  from  mixing  with  the  fire.  The 
Greenlanders  use  it  for  the  wicks  of 
lamps.  In  the  Pyrenees,  girdles  arc 
macie  of  it,  which  are  much  j>rized. 
There  are  many  varieties,  as  lujn'tjorm^  or 
xL'ooillikf  a-n}Ki(t^  which  is  so  hard  as  to  be 
cut  and  polished  :  the  fibres  are  less  close 
in  mountain  Uatfur^  and  rock  cork  is  so 
light  as  to  fioat  upon  water.  Asbestusis 
made  up  of  silica,  magnesia,  lime  and  iron. 

ASllLAK.  In  architecture,  eonnnon 
freestones,  as  they  are  brought  rough  and 
chip}»ed,  or  detached  from  the  quarrv,  of 
dirterent  lengths  and  thicknesses.  Iheir 
usual  thicknes^  is  nine  inches. 

ASULKKliNG.  In  architecture,  the 
upright  timber  or  quarters  towards  the 
rooms,  or  inwards  in  garrets,  by  which 
the  slope  of  the  roof  is  c<»neeiJed, — some- 
times It  is  only  two  (^r  three  leet  hitrh, 
and  sometimes  the  whole  height  of  the 
room. 

ASPIIALTl'M.  A  black  brittle  bitu- 
men, very  fu.sible  and  intlamnuiblc  ;  it  is 
soluble  in  naptha.  and  forms  a  irood  var- 
nish. It  is  found  u]>on  the  surface  and 
banks  ot'the  I)ead  Sea  (hence  «'ulled  .-\s- 
ph.iltie  Lake  I.  and  in  large  quantity  in 
Triiiida«l  and  Barluidoes.  The  anc-iiiits 
eniployi'd  it  in  soinr  of  their  cements,  and 
it  w:is  u>ed  al>o  in  the  art  of  eml>iilmin<r. 
It  ]>rol>iilily  e\i>ts  on  this  e(^ntinent,  in 
No\a  ><oti;i  and  New  IJrunswick.  and  in 
South  Anu-ricii,  at  Coxitainbo.  It  has  of 
late  hern  nuich  U"«ed  as  a  eeinent-pa\in:_', 
for  which  purj>o>e  the  asphaite  is  melted, 
and  mixed  with  Mind  and  carbonate  of 
lime,  and  nui  into  moulds,  forming 
blocks,  weiirhini:  above  1""  lbs.  laeh. 
For  roads,  it  is  >]»read  upon  a  thick  l:i\er 
of  concrete;  it  is  alsi*  u>ed  I'or  lininLT  cis- 
terns and  reuderinir  surt'accs  waterproof, 
Thi<  cinunt  ha--  the  a<lvantage  of  hcinir 
verN  ea-v  of  rcnair,  it  hcin-j  cnlv  net  e>- 
sai\v  to  wi.rni  th«'  inqx-rfcct  part,  and  cut 
it  avvay  \\\\\\  the  knitc,  it  may  tin  11  be 
melted  and  ]oui-eil  into  tlu-  <ieliciei!<  y, 
and  made  to  a-^unie  tiie  ]'rop«r  >hape. 
The  a-^phalt'-  ro,  k  is  a  lime  rock,  contain- 
ing' so  j„r  cent,  ot'  carhonate  ot'  lime  and 
tju  i»er  cent,  of  bitumen. 
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ASSAY,  ASSAYING.  A  bnnch  of 
chemical  anfilysis.  It  is  a  process  bv 
which  the  quality  of  ^old  or  silver  bal- 
lion,  trinkets,  plate  and  coin  is  ascertained 
with  precision,  or  by  which  the  quantity 
of  either  of  these  precious  metals  may  be 
determined  in  an  alloy.  It  is  now  ex- 
tended to  determme  the  quantity  of  pla- 
tinum and  palladium  in  certain  bullion 
and  ^old  dust  from  Brazil.  The  art  of 
assaymg  depends  upon  the  fact  that  gold 
and  8ilver  have  but  a  very  feeble  affinity 
for  oxygen  in  comparison  with  copper  and 
tin,  and  these  latter,  when  oxydizea,  unite 
witn  lead,  and  sink  with  it  into  any  por- 
ous earthen  vesi^cl.  This  vessel,  or  cupel, 
mav  be  made  of  leached  wood-aahes,  or 
of  Dumed  bones,  well  powdered. 

Cupellation,  as  this  operation  is  called, 
7IO.  1.  is  usually  carried  on  in  a 
small  fVimace,  capable  of 
being  heated  so  as  to  melt 
gold.  In  the  annexed  cut, 
flg.  1  represents  the  fur- 
nace, which  is  lighted  with 
charcool  when  an  assay  is 
to  be  made. 

In  the  middle  of  this  fur- 
nace when  heated,  is  placed 
an  earthen  vessel  called  a 
mv0e,  flg.  2  (comparatively 
enmrged),  which  is  of  an 
oven   form,  vaulted  above 
and  flat  below,  open  at  one 
end  and   cloned  elsewhere,  except  bv  a 
few  narrow  slits  at  the  top  and  sides,  'the 
Fio.  2.  bodv  of  the 

mu&e  is 
surrounded 
with  coals, 
and  before 
cupellntion 
is  gradually 
licated  to  a  cherry  red.  Its  use  is  to 
pmli'ct  the  small  cupels  ranged  on  its 
fl<»or  from  any  impurities  of  fnel,  and  at 
the  sanie  time  to  att'ord  it  plenty  of  air 
to  oxydize  the  metals.  The  cupels  are 
little  bone  dishes,  made  ofthc  ma- 
no.  3.  terialit  stated  previously  moistened 
into  a  paste,  and  pres.ned  into  a 
shape  by  a  cast-iron  mould,  which 
flg.  8.  represent.s. 

From  12  to  Z:>  crrains  is  the  pro- 
per quantity  of  alloy  to  be  weighed 
out  for  examination.  It  is  wrap- 
ped up  in  lead-foil  or  T>aper,  and 
surrounded  bv  the  tlim  plate  of 
lead,  they  are  tlien  placed  upon  the 

e  cupel  and  laid  in  the  muftle  lyintr  in 
the  furnace,  heated  red  hot,  when 
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thev  immediatelv  melt.  The  lead  oxidizes. 
and  the  oxide  of  lead  formed,  melts  and 
runs  down  the  sides  of  the  mass  into  the 
Dody  of  the  cupel.  The  button  of  allcry 
becomes  smaller  and  brighter,  and  ulti- 
mately leaves  the  silver  in  a  state  of  great 
purity.  The  quantity  of  lead  necessary 
to  carry  out  this  experiment  is  a  matter 
of  nicety :  if  too  much  be  used,  some 
silver  wdl  be  lost ;  if  too  little,  the  cop- 
per will  not  be  removed  IVom  the  alloy. 
In  every  assav,  bv  this  way,  a  little  silver 
does  seem  to  \ie  fost.  The  operation  be- 
ing now  finished,  the  cupel  is  cooled,  and 
the  button  of  pure  metal  weighed.  The 
diflcrcnce  between  it  and  tne  original 
weight  gives  the  amount  of  alloy  present. 

A  gold  assay  is  more  complex  than  a 
silver  one.  llie  copper  alloyed  with  gold 
cannot  well  be  separated  by  heat  alone : 
some  silver  requires  to  be  added  for  this 
purpose,  which  entails  the  necessity  of 
a  subsequent  operation  to  remove  the 
silver.  In  coins  and  manufacture,  gold 
is  often  mixed  with  silver,  and  the  opera- 
tion of  separating  them  is  termedpartinffy 
which  consists  in  treating  the  mass  with 
dilute  nitric  acid,  which  dissolves  the  sil- 
ver out  and  leaves  the  gold.  If  the 
amount  of  silver  be  small,  it  is  necessary 
to  add  some  silver  to  it,  for  in  that  case 
the  gold  preponderating,  the  silver  is 
protected  from  the  action  of  the  aeid. 
After  the  acid  has  removed  all  the  j«ilver 
and  copper,  the  insoluble  metal  remain- 
ing is  placed  on  the  cupel  and  heated  in 
the  furnace,  it  is  then  cooled  and  weighed, 
and  the  weight  indicates  the  absolute 
quantity  of  gold  in  the  sample. 

Assaying  is  extended  to  copper  ores,  to 
determine  the  value  of  a  sample,  as  to 
the  amount  it  should  p»-oduco  in  the 
smelting  furnace,  or  whe'ncr  it  be  worth 
workinjf.  Assays  may  be  conducted  by 
the  assi.Htance  of  heat  and  fluxes,  or  in 
the  dri/  way  as  it  is  termed,  or  elue  in 
the  mo'mt  wai/^  as  bv  acids  or  other  re- 
agents ;  the  fonner  is  the  readier  mode, 
the  latter  the  more  correct.  Berthier's 
work  on  "  As»say8  by  the  Dry  AVay,"  and 
Mitohel's  "  Manual  of  Practical  Assaying" 
may  be  consulted  for  further  infonnation. 

ATOMS,  OR  Atomic  Wkiohts,  are  the 
original  quantities  in  which  bodies  either 
simple  or  compound  combine  with  each 
other,  referred  to  a  connnon  bodv  taken 
iu»  unity.  Oxygen  is  liiken  as  the  stand- 
ard bv  some,  and  livdroiron    bv  others. 

—  •  •  •  •  • 

Tlie  atomic  weiLdit  of  a  snb>tiiii('e  is  its 
lowest  oombinint:  fiL^ire  :  thus  if  oxy^jcn 
unites  with  bodies  in  several  proportions, 
the  lowest  of  which  is  8,  then  8  is  said 
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to  be  the  atomic  wcijjht  of  oxygen ;  it  is 
better  termed  its  equiviUent,  or  its  com- 
biniu^  proportion.  A  knowledge  of 
chemical  equivulents,  or  atomic  weights, 
is  of  great  use  to  the  manufacturer,  as  it 
informs  him  in  many  cases  of  tlio  proper 
quantity  of  one  substance  to  be  mixed 
nvith  another,  and  tlins  saves  him  from 
waste  or  loss.  The  subjoined  is  a  list  of 
the  equivaJents  of  the  elementary  bodies 
from  which  the  atomic  weicrhts  of  many 
of  tlie  compounds  may  be  colcuhitcd. 
Tliose  substunoos  wliich  liave  no  titrures 
attached,  liave  not  had  the  equivalents 
correctly  determined : 


Hytlrorcn, 

1 

Oxvsrrn 

s 

Carbon,... 

G 

Boron 

11 

Phosphorus, 

.'t-' 

Suli>hiir, 

16 

St'lonium, 

-10 

Iodine 

l-^fl 

Bromine, 

7^ 

Chlorine 

;3;'> 

Fluorine 

19 

Nitrogen, 

11 

Potassiuni, 

10 

Soihiim, 

LM 

Liihium, 

7 

Barium , .. . 

09 

Strontium, 

44 

Calcium 

J) 

Mjiiriii'siun) 

12 

Laniharnnn, 

11 

Onum 

l'"i 

Ditlvmmm 

Erbium 

Teibium, 

Ytirium 

32 

(Jiiirnnim 

') 

Alniiniiiim 

11 

Thoi  iiiin 

no 

Zimiiiiuin, 

.r.i 

Silinimi 

ir> 

Tit.iiniiin 

2\ 

Taiitaliiin) 

w. 

Nii'liuini 

TllllL'--trn 

mi 

MolvlMli'iinm 

1^ 

Vnn.i(linM) 

fo 

Clirnninim 

Fr.iiuuin 

•>. 

'  r.o 

MaiiL'ancse 

Ar-iMiir 

I'S 

AiiiiniiTiv, 

]•>'} 

Tellurium, 

»V1 

HiNUiuili 

J I :{ 

Ziiir 

:{•_> 

Cailiuium 

:r, 

Tin 

:.9 

I.'a.l 

Irnil 

im 

'jS 

C^.^.•.it 

:u) 

Nickel 

'N 

CtiiU'er 

■>) 

jMerrurv 

im 

Silvt  r, 

ilK 

Cold 

-\0 

Platinum, 99 

Palladium, 54 

Rhodium, 62 

Iridium, 99 

Osmium, 100 

Ruthenium, 

AUGER.  An  instrument  for  boring 
tlie  soil  for  the  purpose  of  ascertaining 
the  nature  of  the  subsoil,  the  minenil, 
and  in  agriculture  more  especially,  the 
existence  of  water.  There  are  various 
kinds  of  auffors,  According  to  the  pur- 
poses to  which  they  are  to  be  apj>lied ; 
out  they  all  consist  of  three  parts,  viz, 
the  bit,  mouth,  or  cutting  piece,  the  han- 
dle, and  the  connectinijr  ro(Is.  The  handle 
is  for  the  purpose  of  working  the  instru- 
ment by  tlie  nuMins  of  two  (r  more  men, 
the  rods  for  connectiuir  the  handle  with 
the  bit  or  cuttinir  piece,  and  the  bit  for 
penctrutinir  the  S(»il.  AVhtn  it  is  necx's- 
sjiry  to  ]^a>s  thnniL'-h  stony  soil  or  rocks, 
a  chisol  is  sul>stitutfd  io'r  the  bit:  and 
alter  the  rock  is  broken  in  sniall  pieces, 
the  chisel  is  removed,  and  replaced  by 
the  common  miL'iT,  by  which  the  loose 
matters  are  drawn  iii). 

AUKl  M  MrsiVl'M.  Mosaic  gold. 
An  obsolete  name  for  the  bisulplairet  of 
tin. 

ArTOMATON.  A  name  applied  to 
pieces  of  mcchani>m  so  constructed  as  to 
miitatc  the  actions  of  livinir  animals.  The 
tcT-m  Android  is  sometimes  applied  to 
sucli  machines  as  rcscnil>lc  the  fiLTures 
and  imitate  the  actions  ot"  mankind. 

Tiic  extent  to  which  these  useless  but 
iuLTcnious  eoiiTrivaiu\'H  has  been  some- 
timc>  carried  is  very  siir]>rislnir.  Arcliy- 
tas  of  Tarentiim,  alxuU  4oii  years  bcfon*. 
onr  (fa.  is  ^:iid  to  have  made  a  wo(»d«'n 
]iii:eo)i  that  could  tly.  Friar  Bacon's 
^}H•akin!_'■  In  ad  i>  a  -well-known  tnulition. 
All't-rtu^  MnL'Hii-^  constructed  an  automa- 
ton to  op,  11  his  (Idor  when  any  one 
kno<'kc(l :  the  c»'lc"l>ratc<l  KeL'i<^Tn('ntaims, 
a  woo'Ieii  ea-jlc  th:it  tlew  forth  from  tie 
city.  s;iluti-(l  the  emjicror,  and  retnrncd: 
and  ]ilvcwi>e  an  iron  tlv  which  flew  out  of 
his  haiul,  and  returned  after  ll\iiiL'  about 
the  room.  Tlicsc  in>tanccs  may  ]«crha]'S 
have  been  eMiL'LreratiMl  in  the  description  ; 
but  tliefc  are  some  of  recent  date,  and 
not  !c>s  reiiiarl^nl'lc.  rc>])i'ctiiiir  whii-li  t];e 
te-timony  is  clear  and  stroULT.  The  t''>i- 
lowiiii.''  a!"e  a  t'cw  of  tlii'  best  authenli- 
entc<l:  The  t',utc-]«laver  of  ^'auc!ln^on, 
(leM-rihcd  by  1  J'Alcmi'crt  in  tlie  I.h>-i;rt>i- 
u>,ii>  M>  (!,•>,! ciijt .  wa->  e\liii>itcd  in  Paris 
m  17".s.  ]t  ])l:i_\id  ontl.c  liute  exi'ctly  ir. 
tiic  same  nuinner  as  aliNin^'  j-erfonjit-r, 
and  commanded  three  (»eia\es,  the  ftillcht 
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scale  of  the  inBtmment.  Its  height  was 
nearly  six  feet.  In  Ilutton's  Mathemati- 
cal Recreations^  a  description  is  ^iven  of 
an  antomatoa  gronp,  constructed  bv  M. 
Camas  for  tiie  amusement  of  Louis  ^IV,, 
eonsisting  of  a  coacii  and  horses,  with 
coachman  and  page,  and  Indy  inaide.  &c«, 
by  which  the  action  of  driving  up,  alight- 
ing, presenting  a  petition  to  the  King,  and 
setting  off  again,  was  mimicked  with 
wonderful  accuracy.  In  1741,  Vaucanson 
produced  a  flageolet-player,  which  played 
the  flageolet  with  the  left  nond,  wnile  it 
beat  a  tauiboriue  with  the  rii,rbt.  He 
also  produced  a  duck  which  oabbled  in 
the  water,  awam,  and  dnink,  and  quacked 
like  a  real  duck ;  rused  and  moved  its 
wings,  drc»!«ed  its  feathers  with  its  bill, 
took  barley  from  the  hand  and  swollowea 
it,  and  even  digested  its  food  by  means 
of  materials  for  its  solution  placed  in  the 
stomach. 

Automaton  flute-plavers  have  likewise 
been  exhibited  in  England  of  the  size  of 
real  life,  which  performed  ten  or  twelve 
duets.  Maelzel,  the  inventor  of  the  me- 
tronome, exhibited  on  aatomaton  trumpe- 
ter at  Vienna,  of  which  a  deHcription  is 
fiven  in  the  Journal  des  Moties  tor  1809. 
t  was  a  martial  flgure,  in  the  uniform  of 
a  trumpeter  of  an  Austrian  dragoon  regi- 
ment, which  played  not  only  the  Austrian 
and  French  cavalry  mareheri,  and  all  the 
signals  of  those  armies,  but  also  a  marcli 
aod  an  aUegro,  by  Weigl,  accompanied 
by  the  whole  orchestra,  &c. 

'Automata  have  also  been  constructed 
which  wrote,  drew  likenesses,  played  on 
the  piimoforte,  &c 

Professors  Willis  and  Wheats  tone  have 
improved  very  much  a  speaking  outoma- 
ton ;  and  one  made  by  a  German  was  ex- 
hibited a  few  years  ago  in  London. 

A  V  A  N  T  U  K 1 N  li^AKririciAL.  MM. 
Freiny  and  Clemandot  have  lately  redis- 
covered the  mode  of  making  this  beuuti- 
fiil  article,  which  has  hitherto  remained  a 
secret  with  the  glass-blowers  of  Venice. 
Havintr  unsucceHsfuUy  tried  the  action  of 
ditferent  metals  on  glass,  colored  bv  oxide 
of  copfMjr,  they  examined  the  redaction 
whicn  oxides  of  the  minimum  oxydatiou 
exercised  on  the  protoxide  of  copper,  and 
chiefly  that  of  the  protoxide  of  iron  of 
the  forges.  Under  heat  this  oxide  readily 
reduced  the  protoxide  of  copj>er  to  me- 
tallic copper,  and  produced  a  mettdlic 
oxide  soluble  in  glass,  and  giving  it  a 
sliirhtly  vellow  tint.  Heating  Soo  parts  of 
pounded  glass,  40  parts  of  protoxide  of 
copper,  and  80  parts  of  oxide  of  iron, 
they  obtained  a  gloss  containing  abun- 
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dant  crystals  of  metallic  copper.  The 
appearance  of  this  avanturiiie  is  some- 
what more  opaque  than  the  Venetian  ar- 
ticles ;  but  it  is  no  doubt  produced  in  a 
similar  way.  The  Venetian  avanturine 
fetches  a  very  high  price. 

AXE-STONE.  A  silico-magnesian 
mineral,  sometimes  shaped  by  tne  In- 
dians into  cutting  instruments.  A  variety 
of  nephrite. 

AXINITE.  A  mineral  found  in  axe- 
shaped  crystals.  An  olumino  silicate  of 
lime  and  iron. 

AXIS.    In  architecture,  a  real  or  imo" 

S'nary  straight  line  passing  throu<?h  any 
)dy  on  which  it  may  revolve.  The  axis 
of  a  column,  for  insttmce,  is  a  straight 
line  drawn  down  through  its  centre ;  the 
axis  of  the  Ionic  volute  is  a  line  drawn 
through  the  two  eyes,  tVont  and  rear. 

In  mechanics,  it  signifies  in  general  the 
straight  line,  real  or  imaf^inary,  about 
which  a  body  turns.  In  this  sense  it  is 
called  the  axis  of  rotation,  of  oscillation, 
&C.,  according  to  the  motion  of  the  body. 
In  geometry,  the  axis  of  a  flgure  is* a 
straight  line  about  which  the  parts  of  the 
figure  are  symmetrically  disposed.  Thus 
the  axis  of  a  cone  is  the  line  drawn  from 
the  vertex  to  the  centre  of  the  biise  ;  and 
the  axis  of  a  cylinder,  the  line  drawn 
through  the  centre  of  its  two  ends.  In 
the  ellipse  and  hyperbola,  the  transverse 
axis  is  the  straight  line  drawn  through 
the  two  foci ;  and  the  conjugate  axis,  that 
drawn  through'  the  centre,  perpendicular 
to  the  transverse.  In  genenu,  bv  the 
axis  of  a  curve  line  ia  meant  that  Jiame- 
ter  which  has  its  ordi nates  at  right  angles 
to  it.  We  also  speak  of  the  axis  of  the 
co-ordinates  of  a  curve,  meaning  the  lino 
on  whicli  the  abscissa  are  taken. 

AXLE.     {See  Wheel  Carbiaoes.) 

AXUNGE.    Hogs  lard. 

AZURK.  A  fine  blue  pigment:  being 
a  glass  colored  with  oxide  of  cobalt,  and 
ground  to  a  very  fine  powder.  (6tf« 
Smalts.) 

BAGASSE.  The  refuse  of  the  sugar 
cane  a«»  delivered  from  the  mill. 

BAK 1 NG.  The  process  of  drj'ing  and 
consolidating  a  substance  by  tile  aid  of 
heat. 

BALANCE.  A  machine  for  weighing 
substances.  The  process  of  weighing 
muy  be  performed  in  various  ways,  ana 
aceordintfly  there  are  several  kinds  of 
balances  ;  as  the  common  balance  or 
sailes,  the  bent  lever  balance,  the  spring 
balance,  the  steel-yard,  the  hydr<»stntic 
balance,  «fce.  Tlie  term  is  also  applied  to 
any  api>uratu8  employed  for  comparing 
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the  intensities  of  vcrv  Binall  forcea;  as 
the  electric  buhinec,  tFie  bulancc  of  tor- 
Bion,  etc.  We  hliall  here  confine  our  re- 
marks to  the  philosophicul  biiluncc,  the 
instrument  used  wlien  jrreat  accuracy  is 
neccftsary ;  for  instance  lu  assayiup,  and 
in  the  more  delicate  investigations  of 
phveics  and  chemistry. 

iS'cjrlecting  the  mere  circumstance  of 
construction,  and  the  particular  methods 
of  suspension,  tlie  balance  may  be  repre- 
sented thus : 


A  and  B  arc  the  noints  from  which  the 
Fodes  are  susjhmkUcI  nt  the  extremities 
of  the  ])eani,  «.'  the  point  of  t*ii})port,  G 
the  centre  of  enivity  of  tlic  heiun,  1)  tlic 
})oint  in  wliieli  tjie  'KtraiL'lit  line  ('  G  iii- 
terseets  tlie.stmiLrht  line  joiiiiiii:  A  mid  IJ. 

The  ])roj)ertie>  reijuired  in  ii  l">u<1  i»al- 
anee  are  f,  n^ihilidf  niid  Kt<'hi(il>/.  The 
balance  niu>t  be  t^ensibh-;  thai  i'^  to  >ay, 
when  it  is  properly  jkummI  a  vtry  siiiiill 
addition  of  Wfiijiit  to  either  scale'shoiihl 
disturb  the  eqiiilihi'iiuii,  ar.d  raii>c  tlie 
l)cain  to  turn  ;  and  it  mu-'t  lu-  >-taMe,  that 
is  to  say,  when  the  (MiuihKriuni  l.as  hem 
disturbed  it  shouM  tjuirkiy  return,  and 
oseillate  a]»oiit  the  position  of  n-t.  'i'hese 
two  nropertii's  are  in  some  di  L'ree  op- 
posed to  each  other;  in  T»rder  to  attam 
them  both,  as  I'ar  as  juissible,  it  i*^  neees- 
Harv  to  attend  toceitain  lueehaiiieal  prin- 
<'i[iu"-,  as  wrll  ar>  to  the  phy>i<':il  eireuiu- 
ptaiiees  ol"  eoii>truetion.    Let  u-^  -upp<)>e 

AV  =  the  w  liirht  ot'  t  he  in  :itn. 

Ii  =^  tlu'  load.  /.  ..  I  he  wii'jht  of'  the 
scale>  and  w  hale\  er  i>  in  iheiu  w  !u-n 
tlu'  beaiu  is  jioi-^cd. 

P  =  the  jireiiondcratiu:.'-  weiirht,  or  that 
which  eau-es  the  lieaui  to  turn. 

J*»up|iosi'  now  tlie  lieam  to  he  jKii-n-d, 
or  that  the  -eale^  Ihmul:  lojuhtl  the  ]•'l^i- 
tion  of  the  line  A  J»  it^  i-ert'eetly  jiori- 
zontal.  The  sin>-ihility  will  e\i(liiirlN  be 
niea'^ure<l  by  the  nuirular  ^laee  throu_'h 
whieh  the  beam  turns  wlu  n  a  small 
weiLfht  1*  i-i  a'Med  to  eitlur  x-ale  :  but 
till'  t<'r(H'  whieh  aet-  in  tnniir.i:  the  beam 
is  ppiportional  ti-  I'  ^C  1>  1'..  that  is.  pr«>- 
JXTtiunal  to  the  wriLrhl  iiiuhij-Iled  into 
the  lehL'^th  ol"  the  le\(r  at  tieixtniiiity 
of  wiiieh  it  aets;  tlieret'-re  t'-r  !i  L'i\en 
wei^dil  1\  the  -i  u-ii>iK;\  «.f  the  i  al:  m  e. 
iUl  other  eireuni->ranet>  biini.'  e.,uaJ.  is 
proportional  to  the  leUL'tli  ot'  the  beam. 
Let    u>i   next    ('on>si.lei-   tlie    t'orec   A\liieh 


tends  to  restore  the  beam  when  the  equi- 
librium is  disturbed.    This  is  made  up 
of  two  parts ;  the  first  of  whieh  is  pro- 
portional to  W  X  C  G,  that  is  to  say, 
pro{>ortional  to  the  weight  of  the  beam 
(which  may  be  regarded  as  concentrated 
at  the  centre  of  jpravity)  miUtiplied  into 
the  length  of  the  lever  on  whieli  it  acts ; 
and  the  second  proportional  to  L  X  C  D, 
that  is,  to  the  load  also  multiplied  into 
its  length  of  lever.    The  whole  restoring 
force  is  therefore  proportional  to  W  X 
0  G  +  L  X  C  1).    Now  this  force  is  pre- 
cisely   that  which    the    preponderatincr 
weight  P  has  to  overcome  in  turning  the 
scale  ;    consequently    anpr    circumstance 
whieh  tends  to  increase  it^  increases  the 
stability  and  diminishes  the  sensibility  of 
the  balance  ;  and  anv  thing  which  tends 
to  diminish  it,  diminishes  the  stability 
and  increases  the  sensiV)ilitv.    Bv  bend- 
iuij  the  arms  of  the  balance,  or  alterinj? 
the  ])oints  of  8us])ension  of  the  scale*, 
the  jioints  G  and  I)  may  aecjnire  ditfcrent 
positions  rclativclv  to  C.     Supposing  G- 
to  be  ab(»ve  (."  in  the  vertical  line  joininjj 
those  ]>oints;  the  tenn  W  X  <-'  ^»  would 
beeoine  neirative,  and  the  restoring  force 
proj.ortional  to  L  X  ('  !>—  W  X  <'  Ct.  In 
thi>.  ea>e,  if  the  loa«l  L,  or  the  distance 
«;  r>,  were  dijninished  till  L  X  ('  1>  be- 
lanie   Ie>s  than   W  X  C  (i,  the  Indance 
wouhl  be  nseUss;  lu-eanse  if  moved  ever 
so  little  from  the  jjosition  of  rest,  it  would 
have    no   tendency  whatever   to   return. 
The  best  eonstrnetion  is  to  make  C  D  = 
(>,  that  is,  to  place  the  three  points  of 
action  A.  (',  1»,  in  the  same  stranfht  line, 
auil  to  eon>truct  the  beam  so  that  (»,  the 
centre  of  Lrravity.  ^hall  tall  a  little  below 
the  line  A  I».     'fhe  sensibility  is  then  in- 
de].end«  nt  ot"  the  load.  an<l  is  simj>ly  in 
tlie  iii\erse  portion  of  W  X  t'^»^«  **o  that 
b_\  dimini-^huiiT  the  weiirht  of  the  beam, 
or  the  ili>tanie  ('  (i,  it  may  be  increased 
to  any  re(iuire«l  deirree.     It  is  supposed 
that    tlie  two  arms  are  ]>reeiselv  of  the 
^auie  lenutli,  or  that  ('  is  plaeeil  exactly 
in    tlu-   nii^Klle   between  A  and   B,   and 
ab"  tiiat  they  are  perlectly  intlexiblc. 

The  conditions  now  dcti-nnined  from 
tlie<)ry  must  be  the  iruide  ot"  the  artist  in 
the  c<'n"«trtieti<'n  ol'a  ifood  halane<».  It  is 
ol'  im]«<'rianee  that  the  beam  Im-  as  liirht 
as  p<>>>ililc.  con«'i>tent  with  intl«-xibility ; 
for  n<'t  only  the  iiieilia.  but  aI>o  the  I'ric- 
ti<>n.  i>  iiareased  in  ]>rop(irtion  to  the 
weiL'ht,  and  the  "-cn^ibilitN  con.-'cqui'ntly 
diniini>latl.  In  onUr  to  lmnc  liL'l.tni-^s 
an<l  streii-jth  at  tlie  sanie  time,  the  lu'iim 
should  be  tiinne(l  of  f\\i>  h'lllow  cones  of 
bra>>^.  i"inecl   'oi/et her  at  the  br-ad  ei:d>. 
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A  cylinder  of  steel,  passing  through  the 
middle  of  the  bentn  at  right  angles,  forms 
the  axis :  and  its  extremities,  ground  into 
sharp  edges  on  the  lower  side,  ser\*e  as 
the  points  of  support.  The  two  edges 
must  be  accurately  in*the  same  straight 
line,  and  turn  on  smooth  planes  of  agate 
or  polished  steel  carefully  levelled.  The 
scales  should  likewise  be  suspended  fVom 
the  extremities  of  the  beam  on  knife 
edges,  crossing  each  other  at  right  an- 
gle*: those  in  the  beam  being  sharp  up- 
wards, and  those  to  which  the  scules  are 
Bttai'hed  sharp  downwards.  A  needle, 
or  tongue,  is  usually  attached  to  the 
beam,  pointing  directly  upwards  or  down- 
wards when  the  beam  is  horizontal,  for 
the  purpose  of  indicating  the  deviations 
of  the  beam  from  the  horizontal  position 
on  a  graduated  scale.  It  is  better,  how- 
ever, to  bring  the  arms  to  terminate  in 
sharp  points,  and  to  place  a  scale  behind 
each ;  in  this  wav  tne  slightest  Hexure 
of  the  beam  will  be  rendered  evident,  if 
the  zeros  of  th^  scales  are  placed  exactly 
in  the  same  level.  The  scale  is  indis- 
pensably necessary,  because  the  balance, 
if  very  sensible.  Would  require  a  long 
time  to  come  to  rest ;  but  it  is  known  to 
be  poised,  when  the  excursions  of  the 
needle  on  both  sides  of  the  zero  of  the 
scale  are  equal.  In  order  to  preserve  the 
knife  edges,  the  beam,  when  not  in  use, 
is  supported  on  rests.  Props  should  also 
be  placed  under  the  scales  while  loading 
or  unloading  the  balance.  The  whole 
apparatus  must  be  placed  under  a  glass 
cxufe,  to  protect  it  from  the  disturbing  in- 
fluence of  currents  of  air. 

The  sensibility  of  a  balance  constructed 
with  due  care,  according  to  the  princi- 
ples now  explained,  may  be  carriea  to  an 
almost  inconceivable  extent.  There  is 
one  in  the  possession  of  the  Royal  So- 
ciety, made  oy  Kamsden,  which  weighs 
ten  pounds,  and  is  said  to  turn  with  the 
ten  millionth  part  of  that  load,  or  the 
thousandth  part  of  a  grain.  Neverthe- 
less, whatever  skill  muv  be  employed  in 
the  construction,  it  is  plain  that  the  con- 
ditions necessary  to  mathematical  accu- 
racy can  never  be  entirely  fulfilled.  It  is 
impossible  to  make  the  two  anns  of  the 
In-am  exactly  similar,  or  exactly  equal  in 
1«  riifth.  Al>soIutc  precision  is  unaltain- 
ahlo  in  practice.  This  difficulty,  how- 
ever, may  be  overcome  bv  the  fullowintr 
siin|>le  metho<l,  imajjinetf  by  Borda,  by 
which  accurate  renults  are  o]>taine(l  in- 
dej  endcntly  of  extreme  precision  in  the 
cons^truetion  of  the  balanee :  it  is  only 
DeccssaJ7  that  it  be  ver>'  sensible.    Let 


P,  the  substance  to  be  weighed,  be  placed 
in  the  scale  A  ;  instead  of  placing  known 
weights  in  the  scale  B,  put  into  it  some 
other  substance,  for  instance  bits  of  iron, 
chips  of  wire,  or  sand,  added  in  minute 
quantities  till  the  substance  P  is  exactly 
counterpoised,  or  the  beam  becomes  ex- 
actly horizontal.  This  being  done,  let 
the  substance  P  be  orently  removed  out 
of  the  scale  A,  and  let  known  weights, 
as  grains,  be  put  into  it  till  the  substance 
in  the  scale  B  is  again  exactly  counter- 
poised. It  is  now  of  no  consequence 
whether  the  balance  was  accurate  or  not. 
or  whether  the  bodv  P  was  exactly  equal 
in  weight  to  the  substance  against  which 
it  was  weighed  in  B.  The  weight  of  P 
must  be  precisely  equal  to  that  of  the 
grain  weijjhts;  because,  under  exactly 
the  same  circumstances,  they  both  form- 
ed a  counterpoise  to  the  substance  placed 
in  B. 

Chinese  Balance.  This  is  formed  of  a 
slender  tapering  rod  of  wood  or  ivory, 
about  a  foot  in  length.  A  silk  thread 
passed  through  a  hole  perforated  nearer 
one  of  its  extremities  than  the  other, 
serves  as  the  point  of  suspension.  The 
balance  has  tlms  two  unequal  arms. 
From  the  extremity  of  the  shorter  a 
small  scale  is  suspended  to  hold  the  sub- 
stance to  be  weighed.  A  sliding  weight 
passes  along  the  other  arm,  on  which 
divisions  are  marked  ;  and  when  the 
counterpoise  is  made,  the  distance  of  the 
standard  weight  tVom  the  fulcrum  indi- 
«itcs  the  weight  of  the  substance.  In. 
order  to  procure  a  cTeater  range,  the  rod 
has  generally  four  holes  or  points  of  sup- 
port, at  different  distances  from  the  ex- 

I  tremity,  and  a  corresponding  set  of  divi- 
sions is  marked  on  each  of  its  four  sides. 

j  The  principle  of  this  machine  is  exactly 
the  same  as  that  of  the  common  steel- 
yard. 

i  The  Danish  Balance,  much  used  in  the 
north  of  Eurof>c  for  weighing  coarse  com- 
modities, is  usually  formed  of  an  iron 
bar  or  a  batten  of  hard  wood,  having  a 
lump  of  lead  at  one  of  its  extremities. 
The  goods  are  fixed  on  a  hook  in  the 
other  end ;  and  the  whole  is  suspended 
through  a  loop  of  cord,  which  is  passed 
Vuiekwartls  ana  forwards  under  the  rod 
till  equilihrinni  is  obtained.  Tlie  weight 
of  the  goods  is  then  to  the  weiu'ht  of  the 
lead  reciprocally  as  their  rei*jicotive  dis- 
tances from  the  loop. 

JioinnH   Balance   or    SUtlt/ard.      (See 
Steklvakd.) 

BALCONY,     in  architecture  a  projec- 
tion from  the  external  wall  of  a  nouse, 
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borne  by  columns  or  consoles ;  usnally 
placed  before  the  windows  or  opening!*. 

BALLAST.  Ih  a  muss  ofwciglity  ma- 
terial placed  in  the  bottom  of  u  sliip  or 
vessel  to  give  her  stiffness  ;  that  is,  to  in- 
crease her  tendency  to  return  to  the  up- 
right pasition  when  inclined  or  hteled 
aver  by  the  force  of  the  wind  or  other 
cause.  Ballast  consists  of  shingle  (the 
coarse  gravel  of  the  sea-bench),  stones, 
&c.  This  tends  to  give  excess  of  stabi- 
lity, which  renders  the  vessel  vneu^f/ 
from  the  suddenness  of  the  motion:  this 
defect  is  remedied  by  wimjing  up  the 
ballast,  whereby  its  centre  of  gravity  is 
raised.  For  the  like  roiwon  in  stowing 
the  ballast  it  is  tupercd  to  a  point  at  the 
fore  and  after  extremities,  iron  ballast, 
from  the  greater  cleanliness,  is  more 
healthy  for  the  crew  than  that  of  other 
materials.  When  a  ship  hjis  no  other 
loading,  she  is  said  to  be  in  hofhi^t. 

The  quantity  of  ballast  and  the  mode 
of  its  stowage'  ditfer  greatly  in  ditierent 
vessels;  and  the  connection  V>ct\vecn  the 
motions  of  a  ship  and  her  stowage  has 
not  vet  been  analvzed  sutlicicntlv  to  lead 
to  the  discoverv  of  direct  rules  on  these 
important  points. 

BALL-COL'K.  A  hollow  sphere  or 
ball  of  metal  attached  to  the  end  of  a 
lever,  which  turns  the  stop-c<>ck  of  a 
cistern  pipe,  and  rctrnlates  tiic  su[)|>ly  of 
waiter.  As  the  snrtiKV  of  the  water  rise.-^ 
in  the  cistern,  the  ball  is  raise<l  by  it-' 
biioyiincy  ;  and  as  the  water  «lo-teuils.  it 
fulls  hy  its  own  w«-ii:lit.  Tlu'  c  'ck  is  llins 
c!osetl  when  the  water  rise-*  t<'  a  certain 
heiifht,  and  the  supply  sl«)ppe<l;  but 
when  a  part  of  the  water  is  drawn  i.ll" 
from  the  eislern,  the  eoek  i-*  a-jain  <'pen- 
ed,  and  the  water  adinitled   thronijh  ilie 

"^'^T.XLLISTIC   PFA'DrLl'M.      An   in- 

stru'iient,  hnentcil  by  Ui'iijainin  lIoMns. 
for  nieusnriii!/  the  ti>ree  or  vel«»eity  ot' 
cannon  and  musket  balls.  T<»  oxw  ex- 
tremitv  ot"  an  iron  bar  is  tixetl  a  heavv 
cubical  block  of  wood,  lini-d  at  the  baek 
with  iron.  A  traiis\i'r>e  l»ar  ot'  irrm  at 
the  other  extremity  ol"iln-  i\r-t  bar  serves 
as  an  axis  of  Mi^piMi>ion.  in  uhi«h  the 
pen<luhini  swin-_'s  iVee'y  lt:l^•kwar.l^  aihl 
forwards.  The  iiistnuiHiit  briiiLT  tliu< 
fitted,  if  the  wei'jlit  ot"  the  ptMiduIuin  be 
known,  and  likewir«e  tin-  r«--pe<-ii\  e  »li-- 
tanccs  ot'  Its  centres  .'t'j-rnvity  and  '->.i na- 
tion t'roiii  tiie  a\i^  >>i  >{\-^\>vii>]<>u.  it  is 
easy  t'>  .Ifteniiini  the  '|u  iiiiit\  of  uiotion 
that  will  i»e  V  iniiiuiiK'  te«l  to  ih<'  |>eii<lii- 
Inni  by  the  pereu-.^ion  of  a  l-.  ly  ol'  a 
tfiveu  weight  moving  with  u  ^iven  velo- 


city and  striking  it  at  a  given  point.  Con- 
versely, if  the  pendulum,  when  at  rest,  is 
struck*  by  a  body  of  a  known  weight, 
and  the  vibration  which  the  pendulum 
makes  at\er  the  blgw  is  known,  the  velo- 
city of  the  striking  body  may  thence  bo 
detennined.  In  order  to  measure  the 
extent  of  the  vibration,  a  riband  is  at- 
tached to  the  lower  end  of  the  pendu- 
lum, pai^sing  loosely  through  an  orifice 
in  a  horizontal  bar  m  the  frame-work: 
when  the  pendulum  is  raised  it  draws 
the  riband  along  with  it,  and  the  quan- 
tity which  thus  passes  through  the  ori- 
fice measures  the  chord  of  the  arc  of 
vibration. 

BALLOON.  (Fr.  ballon,  a  UttU  haU.) 
The  name  of  a  machine,  which,  consist- 
intr  of  an  envclo}>e  containing  a  gas  speci- 
fically liirhter  than  common  lur,  rises  into 
the  atmosphere  with  a  greater  or  less  de- 
gree of  ascensional  force.  A  car,  supn 
[lorted  by  i  net-work  which  extends  over 
the  balloon,  supports  the  aeronaut :  and  a 
valve,  usually  placed  at  the  top,  to  which 
a  stniiLT  is  attached  reaching  to  the  car, 
gives  him  the  power  of  allowing  the  gas 
to  escape,  and  of  descending  at  pleasure. 

During  the  dark  ages,  and  lor  some 
time  al'tcr  the  revival  ot  science,  numer- 
ous pntjeets  were  entertained  for  navigat- 
iiiu'  the  air;  but  it  is  onlv  in  verv  recent 
times,  since  17^;5,  that  any  of  them  have 
been  reali/ed.  The  first  idea  was  to  em- 
ploy some  mechanieal  contrivance  rescin- 
oling  the  win;2:s  of  binls  ;  but  Borelli  de- 
nioiist rated  that  all  attempts  on  the  part 
ot"  man  to  tlv  must  neeos>arilv  fail,  from 
the  utter  <lisproportion  of  his  muscular 
power  to  the  foree  that  would  be  neces- 
siry  to  <ji\e  imjuilsion  to  winjrs  of  such 
enornioii>  niaLTintudeas  wouKl  be  required 
to  -u-tain  his  wei^'ht  in  the  air. 

The  ]«riiu'iple  by  which  a  luiUoon  rises 
in  the  atmosphere  is  exactly  the  same  as 
that  whirh  eau^cs  the  ascent  of  a  cc>rk 
iroiii  the  bottom  of  a  vessel  filled  with 
water.  The  wi'iirht  of  the  volume  of  air 
which  it  displaces  must  exceed  the  weight 
ol"  the  balloon  and  all  that  it  carries  with 
it.  That  bodie-  must  rise  and  remain 
suspended  in  a  tlui.l  deuM-r  than  them- 
.-elv«s  was  proved  by  Arehinie«les  ;  but 
tlir  \\(lL:ht  ol'  the  air  is  a  modern  di>e<^>v- 
erv;  aiiil  it  was  onlv  in  the  latter  half  of 
the  last  erntui'y  that  clu'niistry  deteot<-tl 
the  nature  and  <litr<renees  ol' s].eeifie  irra- 
vit.e->  of  aerit<>rni  lluiiK.  Mr.  ( 'avcndish, 
in  17'-').  by  sonie  ini/i'iiious  experiments, 
rei.'oltled  in  the  I  '/nlfotjilm  ii!  'Ji  iiifiuti-'iis^ 
sol.  Ivi.,  I'otmd  livdro.^i'ii  lms  to  be  Iroin 
about  seven  to  eleven  times  lighter  than 
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oommon  air,  accord!  n|^  to  the  mode  of  its  i 
prepimtiou.  lu  ito  pure  state  it  is  found  ' 
to  be  nearly  Hixteen  times  lighter  than 
common  air.  Thia  substance,  therefore, 
if  prevented  from  ditfoj^ing  it«elfj  and  al- 
lowed to  obey  the  force  by  which  it  is 
im^^eiled  upwards,  will  continue  to  mount 
till  it  arrives  at  a  stratum  of  the  atmos- 
phere sixteen  times  more  attenuated  than 
at  the  surface  of  the  earth.  Accordingly, 
no  sooner  had  Cavendish  announced  his 
discovery,  than  it  occurred  to  Dr.  Black 
that  a  very  thin  bog  filled  with  hydrogen 
gas  would'mount  to  the  ceiling  of  a  room. 
Through  some  imperfection,  the  experi- 
ment when  he  attempted  to  execute  it 
fiuled :  and  it  was  several  years  later  be- 
fore an  envelope  was  thought  of  suffici- 
ently light,  ana  at  the  same  time  imper- 
meable to  the  gas.  Cavallo  made  u  series 
of  experiments  on  this  subject  in  1782, 
but  did  not  succeed  in  raisins:  any  thing 
heavier  than  a  soap-bubble.  The  expense 
attending  the  preparation  of  the  gus  oro- 
bably  prevented  the  experiment  from 
being  made  on  a  great  scale. 

Knowing  the  specific  gravities  of  atmos- 

f>heric  air,  of  the  gas  with  which  the  biil- 
oon  is  to  be  filled,  and  the  weight  of  the 
envelope  in  which  it  is  confined,  it  is  not 
difficult  to  compute  the  size  the  balloon 
must  have  in  order  to  rise  from  the 
ground,  or  carry  a  given  weight  to  a  given 
height  in  the  atmosphere.  A  globe  of 
air,  one  foot  in  diameter,  at  the  level  of 
the  sea  and  under  the  ordinary  pressure, 
weighs  about  l-25th  of  a  pound  avoirdu- 
pois. An  equal  globe  of  hvdrogeii  gai», 
obtained  in  the  usual  woy  bv  di!»!*olving 
iron  filings  in  dilut^  sulphuric  acid,  may 
be  assumed  (making  every  allowance  for 
imperfect  preparation)  to  be  about  six 
liine-H  lighter  than  atinospheric  air  ;  con- 
sequently 5-6ths  of  its  whole  buoyant 
force  will  act  in  impelling  it  upwards : 
that  is  to  sav,  the  force  with  which  a 
sphere  of  sucfi  gas,  one  foot  in  diameter, 
will  tend  to  rise  in  the  atmosphere,  will 

^  ©Xj^Tj^jV  of  a  pound  avoirdnpoi:<. 
The  ascensioniol  forces  of  ditferent  spheres 
will  \ye  proportional  to  their  miignitudes, 
that  is  to  the  cubes  of  their  diameters : 
therefore  a  sphere  12  feet  in  diameter 
would  rise  with  a  force  of  57  pounds,  and 
one  of  24  feet  in  diameter  with  a  force  of 
S  X')7  =  4.')6  pounds.  But  these  determina- 
alions  must  be  diminished  by  the  weijrht 
of  the  envelope.  The  best  material  for 
the  purpo}*e  at  pre-icut  known  ir»  thin 
silk  v^^ui^♦hed  witli  ol:u*tit'i,'urn,  or  Indian 
rubber.  The  quantity  of  this  material 
required  to  cover  a  globe  one  foot  in  di- 


ameter, weighs  about  l-20th  of  a  pound. 
Now  for  a  globe  of  a  greater  8ize,  the 
quantity  required  will  increase  with  the 
square  of  the  diameter;  hence  the  cover- 
ing of  a  balloon  12  feet  in  diameter  must 
weigh  about  7  pounds,  and  of  one  24  feet 
in  Qiometer  28  pounds.  It  follow?,  there- 
fore, that  a  balloon  of  12  feet  diameter 
will  only  raise  from  the  ground  a  weight 
of  50  pounds,  and  one  of  24  feet  428 
pounds.  Computing  in  the  same  man- 
ner, it  is  found  that  a  balloon  60  feet  in 
diameter  would  raise  a  weight  equal  to 
about  6,950  pounds ;  and  that  one  of  a 
foot  and  a  half  would  barely  float,  the 
weight  of  the  bag  being  just  equal  to  that 
of  tne  imprisoned  gas. 

The  height  to  which  a  balloon  will  rise 
is  determined  from  the  law  according  to 
which  the  density  of  the  atmospheric 
strata  diminishes  as  the  distance  from  the 
earth  is  incresised.  The  buoyant  force 
diminishes  with  the  density ;  and  when 
it  is  reduced  to  a  quantity  only  equal  to 
the  weight  of  the  balloon'and  its  appen- 
dages, no  further  ascension  can  take 
Slace.  Another  circumstance  also  con- 
ncs  the  possible  elevation  within  moder- 
ate limits.  As  the  pressure  of  the  exter- 
nal air  is  diminished,  the  expansive  force 
of  the  confined  gas  becomes  greater,  and 
would  ultimately  overcome  the  resistance 
of  any  material  of  which  u  balloon  can  be 
made.  A  balloon  quite  filled  at  the  sur- 
face of  the  earth  would  inevitably  lie  torn 
to  shreds  at  the  height  of  a  few  miles  in 
the  atmosphere,  unless  a  portion  of  the 
gas  were  allowed  to  escape.  For  this  pur- 
pose the,  balloon  is  turnishcd  with  a 
safety  valve,  which  can  be  opened  and 
shutat  jilcasure  ;  but  to  prevent  unneces- 
sary' waste  of  gas,  it  ougiit  to  be  made  of 
such  a  si/c  that  it  rctjuires  only  to  be 
jmrtly  filled.  A  balloon  half  flllc(l  at  the 
surface  of  the  earth  would  Wconie  fully 
distended  at  the  hciirht  of  8i  miles. 

We  have  hitherto  spoken  onlv  of  bal- 
loons filled  with  hydrogen  gas ;  \>\\t  it  is 
evident  that  any  other  substance  Hj>ecific- 
ally  lighter  than  air  would  answer  the 
purpose ;  in  fact,  the  first  balloons  by 
which  any  one  was  raised  into  the  atmos- 
phere were  not  tilled  with  hydrogen,  but 
sirnply  with  r.nreficd  air,  the  rarefaction 
bcine*  produced  by  kindling  a  fire  under 
them;  and  as  they  thus  became  filled 
with  smoke,  they  were  called  smoke-bal- 
loons.    The  aseensional  forec,  liowevcr, 

which  can  be  i:aine<l  in  this  way  is  not 
trreat  ;   besides  the  aeronaut  nmst  eurry  a 

portion  of  tuel  with  hi)n  for  the  iiur[»ose 
of  maintaining  the  fire,  which  adds  sensi- 
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blj  to  the  weight  to  be  raised.  The  keep- 
ing up  of  the  Are  is  also  attended  with 
incouvenience,  and  even  danger. 

Two  brothers,  Stephen  and  Joseph 
Montgolfler,  proprietors  of  a  paper  manu- 
fiictory  at  Annonay  in  France,  have  the 
honour  of  first  prepuriug  and  sending  up 
a  balloon  into  tne  air.  After  one  or  two 
previous  trials,  they  announced  a  public 
ascent  on  the  5th  of  June,  1788.  The 
balloon  was  prepared  of  linen  cloth ;  n 
fire  was  kindled  under  it,  and  fed  with 
bundles  of  chopped  straw.  This  sub- 
stance was  used  with  a  view  to  produce 
a  large  quantity  of  smoke.  It  would 
seem  that  they  attributed  the  elevation  of 
the  balloon  to  the  ascending  power  of  the 
smoke,  instead  of  its  true  cttui*e,  the  rare- 
faction of  the  heated  air.  In  the  space 
of  five  minutes  it  was  completely  dis- 
tended; and  on  being  let  slip,  ascended 
rapidly.  It  reached  an  elevation  of  about 
A  mile,  remained  suspended  ten  minutes, 
and  fell  at  the  distance  of  a  mile  and  a 
half  from  the  place  of  its  ascension. 
When  the  news  of  this  expcriiiicnt  was 
carried  to  Paris,  the  surprise  was  ^^cncral, 
and  the  virtuosi  bc^'an  imnioiliateiy  to 
consider  how  it  could  be  rcpcutod*  It 
was  determined  to  apply  hydroj^'cii  yas  on 
this  occasion;  and  (liarles,  a  ccichrated 
lecturer  on  nutunil  philosophy,  undertook 
the  superintendence  of  the  process.  Ou 
the26tnof  Ausust,  17K;i,  the  prejiarations 
were  complete,  and  the  balloon  was  trans- 
ported with  much  cereniony  to  tile  riiamp- 
ae-Murs.  On  tlie  lollowinur  day,  at  live 
o'clock  in  the  ufiernoun,  the  reiM.rt  of  a 
caimon  announee'l  to  the  a»enibk(l  tniil- 
titude  that  every  tliinu:  was  ready.  "The 
globe,  libenited  from  it>*  Hta\s,  siiot  up- 
wards, to  the  frreat  surpri-e  of  the  spre- 
tators,  with  such  raj»idity  that  in  two 
minutes  it  reached  the  heii.'-iit  of  ;;iii.o 
feet.  It  traversed  suecvs.sivdy  several 
clouds,  by  which  it  was  repentcdly  o))- 
scured.  The  violent  rainwhicii  bciran  t<» 
full  at  the  moment  of  its  ascent  <iid  not 
retard  its  rapid  [(roLTi'ss,  an^l  tiie  ex[<cri- 
meut  was  attended  with  conjplete  sikccss. 
The  satisfaction  was  so  ;rreat  tliat  even 
elegantly  dre-^sed  la«1ifS  remained  witli 
their  eyes  intently  tixcd  on  \\\^'  balloon, 
reirardless  of  the  rain,  which  IMI  (mi  tlictn 
in  torrents."  {Lif>tM,  J/uti.,u„ain  .h 
Phifxiqu*'.)  This  balloon  remained  in  tiie 
ntmospliere  only  three  (piartcrs  <■!'  an 
hour;  it  fell  at  a  distance  ot'about  tittccn 
mile"*,  when  it  w;is  «li-..overed  that  a  rent 
was  made  in  the  upper  ]>art,  ihroiiLrli 
which  the  4fa8  ha<l  escajied. 

The  first  adventurers  who  hud  courage 


to  undertake  an  aerial  ascent  in  a  balloon, 
were  Pilatre  de  Rosier,  a  young  naturaJist, 
and  the  Marquis  d'Arlandes.  On  the 
21st  of  November,  17S3,  they  took  their 
seats  in  the  basket  of  a  smoke  balloon  ; 
and  after  rising  to  an  elevation  of  upwards 
of  80(m3  feet,  descended  safely  to  the 
earth.  The  next  ascent  was  made  by 
MM.  Charles  and  Robert  in  u  balloon  filled 
with  hydrogen  gas.  on  the  1st  of  Januarj', 
1784.  Alter  a  nignt  of  a  hour  and  a  half 
they  alighted  on  the  meadow  of  Nesle, 
about  twenty-five  miles  from  Paris,  with- 
out the  slightest  accidetit.  As  the  bal- 
loon still  retained  a  considerable  buoyant 
force,  M.  Charles  resolved  on  another 
ascent  iilone.  It  rose  to  the  heicht  of 
near  two  miles  in  about  ten  minutes ;  and 
the  aeronaut  had  the  satisfaction  of  see- 
ing the  sun,  which  luid  set  when  he  left 
the  earth,  again  rise  above  the  horizon. 
After  remaining  about  thirty-five  minutes 
in  the  air,  lie  descended  safely  at  a  dis- 
tance of  about  nine  miles  from  the  spot 
from  which  he  had  risen. 

So  many  aerial  voyajjes  executed  with 
safety  encouraged  other  attempts;  and 
no  accident  occurred  till  the  accomplished 
Pilatre  de  Hosier,  with  his  companion 
Koinaiu,  were  killed  in  an  attempt  to 
cross  the  channel  from  France  to  Kngland. 
On  the  18th  of  June,  17S5,  they  ascended 
t'rom  lV>tiloffi)e.  Under  tiie  princij>al  bid- 
looii.  wiiicli  was  of  liydrotren  tros,  they 
hud  suspended,  for  the  purpose  of  in- 
creasinix  or  diminishiiiir  tlie  ascensional 
power  at  pleasure,  asmoke  balloon,  which 
oc<'asioned  the  disastr<_>us  issue.  Scarcely 
a  quarter  of  an  hour  had  elapsed  when 
the  whole  apparatus,  ^t  the  hciirlit  of  oooij 
Icct.  wa.•^  }>crcci\cd  to  be  on  lire,  and  the 
unfortunate  v<l^;^;_r,■^s  \\crc  jtncij'itated 
to  the  L'round.  This  calamitous  occur- 
rence, however,  did  not  (lain]>  the  eotir- 
aL'c  of  aeronauts.  It  was  obviou*'  that  it 
had  been  occasioned  by  the  want  of  ]in>- 
pcr  |»recautio!i>  ;  acfor-liiiLrly  ascents  con- 
linutil  to  be  niultiplic<l.  and  have  since 
licconic  so  coiuHiou  ;i>i  to  be  an  ordinary 
spectacle  in  the  ]>rini'ipal  cities  of  Kuj'ojie. 

\\"iicn  balloons  tirst  lutfan  to  be  (.-on- 
structcd,  it  was  c\]»cctcd  that  they  w.-uld 
be  found  applicable  t<»  many  imj>ortant 
purpo>vs.  riie-«e  e\|.(  ctations  ha\e  Vkcu 
<1is;ipj>t>inte<l.  cliietly  because  it  has  been 
tound  iiu{>o>>il.K-  to  Lfiiide  or  control 
tlieir  cour>e.  Tlic  only  ]'Ower  the  aero- 
naut j'o-'^i'vscs  o\  rr  his  l>;illoon  is  to  re^'M- 
laic  Its  elevation  \\itliin  certain  liinit-i. 
Iti  one  or  two  iii-taiHcs  they  ha\e  been 
-ueee>->l'u!iy  Used  I'T  tiiililary  recoutiois- 
saiice.     The  victorv  which  jourdan  ob- 
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teined  over  the  Aastrions  at  Flenrus,  in 
1794,  wa»  ascribed  to  the  knowledge  ob- 
tained of  the  enemy's  movements  by 
means  of  a  balloon.  A  very  interesting 
ascent  was  mode  by  Biot  and  Gay  Lnssae, 
in  August  1804,  and  by  Gay  Lussac  alone 
in  September  of  the  same  year,  with  a 
view  to  make  meteorological  observations 
in  the  upper  strata  of  the  atmosphere. 
In  the  first  voyage,  the  two  philosophers. 
at  an  elevation  of  between  9,500  ana 
18,0<X>  English  feet,  found  the  oscillations 
of  the  magnetic  needle  to  be  performed 
in  the  same  time  as  at  the  surface  of  the 
earth.  At  12,800  feet  the  thermometer, 
which  stood  at  63 1°  at  the  observatory, 
had  sunk  to  51°  of  Fahrenheit,  being 
only  a  decrease  of  1°  for  every  thousand 
feet.  The  hygroscope  indicate^!  increased 
dryness  in'  proportion  to  the  elevation. 
In  the  second  ascent,  performed  by  Gay 
Lossac  alone,  the  vanation  of  the'  com- 
pass at  the  height  of  12,680  wns  found  to 
remain  unaltered.  At  14,480  feet,  a  key 
held  in  the  magnetic  direction  attracted 
with  one  end  and  repelled  with  the  other 
the  north  pole  of  the  magnetic  needle. 
The  same  was  the  case  nt  20,150.  At 
18,0CK)  feet  the  thermometer  fell  to  the 
freezing  point,  and  at  22,912  feet  to  14-9'^ 
of  Fahr.  Two  flasks,  which  had  been 
previously  emptied  of  air,  were  opened 
and  filled  at  an  elevation  exceeding  21 ,400 
feet ;  and  the  air  brought  down  from  this 
region  was  found,  on  being  analyzed,  to 
contain  exactly  the  same  pro]>ortions  of 
the  constituent  elements  as  at  the  .surfaoc. 
Tlie  utmost  elevation  which  he  reached 
was  28,<>40  feet,  or  four  miles  and  a  (]uar- 
ter  above  the  level  of  the  sea,  consider- 
ably higher  than  the  loftiest  peak  of  the 
Andes. 

Excepting  in  these  two  remarkable  as- 
cents of  Gay  Lussac,  nothing  ha;*  been 
gained  to  science  by  the  use  of  balloons. 
The  numerotLS  other  ascents  undertaiken, 
both  before  and  since,  have  as  yet  ser\-ed 
no  other  purpose  than  to  gratify  idle  curi- 
osity ;  and  fn>m  the  total  failure  of  every' 
scheme  that  has  been  proposed  for  dircct- 
\ne  tlieir  course  through  the  air,  there  is 
little  reason  to  anticipate  any  great  advan- 
tages from  them  to  society.  Neverthe- 
less, the  comparative  cheapness  and  fa- 
cility with  which  they  can  be  filled  by 
coal  gas,  now  so  generally  used  for  the 
purposes  of  illumination,  have  been  tlie 
cause  of  directing  publie  attention  to  the 
subject.  Mr.  Green  crossed  the  channel 
from  Vauxhall  to  Nassau,  in  Gennany, 
in  1886,  after  a  journey  of  eighteen  hours, 
carrying  two  companions  and  a  ton  of 


ballast.  This  feat  (crossing  the  English 
Channel),  has  been  repeated  sinoe  more 
than  once, — the  last  voyage  being  in  the 
spring  of  1851  from  London,  and  Inn  fling 
within  a  few  miles  of  Boulogne. 

BALSAMS.  Exudations  from  and 
juices  of  certain  plants  which  are  liquid, 
or  soft-solid,  and  consist  of  a  substance 
resemblinj?  resin  either  combined  with 
Benzoic  acid  or  an  essential  oil,  or  both. 
The  principal  balsams  are  those  of  Peru, 
Tolu,  Benzoin  storax,  and  liquidambar. 
Those  contain  Benzoic  Add,  w^hile  Co- 

J)aiva  balsam,  Mecdi  balsam,  and  Japan- 
ac  do  not. 

BALUSTRADE.  A  parapet  or  pro- 
tecting fence  formed  with  balusters. 

BANDANA.     (*<Ve  Calico  Pkintino.) 

BAKB?:RRY.     {^See  Berberry.) 

BARILLA.  The  name  given  to  the 
impure  carbonate  of  soda  imported  from 
Spain  and  the  Levant.  It  is  the  ash  of 
the  salsola  soda  and  other  plants,  which 
are  grown  on  the  shore  for  the  purpose 
of  supnlying  the  ash.  It  seldom  contains 
more  tlian  20  per  cent,  of  real  alkali,  be- 
sides sulphates  and  chlorides  of  soda, 
linie,  and  alumina,  with  some  sulphur. 
It  was  much  used  in  S(jap  nuumfacture  ; 
it  is  now  almost  entirely  superseded  by 
the  carbonate  of  soda  obtained  from 
common  salt. 

BARIUM.  The  metallic  base  of  barj-- 
ta.  It  In  a  white  motal,  of  the  color  and 
lustre  of  silver,  Tnallea})Ie,  fusing  >)clow 
a  red  boat,  oxidizinjr  in  the  air,  and  de- 
composiiiif  water.  The  oxide  of  barium 
or  baryta  is  abuixlant  in  nature,  as  <'ar- 
bonate'  and  sulphate  of  baryta,  forming 
the  vc'in-stonc  in  iriany  lead  mines.  Pure 
liaryta  is  a  white  earth,  resemblinif  lime 
in  its  atlinity  tor  water  and  carbouic  acid. 
Nearly  all  the  baryta  compounds  arc  poi- 
sonous, except  the  sulphate.  The  best 
antidote  is  a  solution  of  sulphate  of 'ioda. 
Barvtn,  of  all  snlistanees,  has  the  greatest 
affinity  for  sulphuric  acid.  The  sulj»liatc 
of  baryta  is  used  as  a  i)ifrment  "perma- 
nent white,''  and  as  an  adulteration  in 
white  lead  ;  it  is  also  used  in  the  manu- 
facture of  jasiHir  and  other  earthen  ware. 

BARK.  The  outer  covcrintr  of  the 
trunk  of  the  tree.  It  is  the  depository 
of  many  of  the  secretions  of  the  ])hmt, 
and  L'cnerallv  contains  a  larjre  <iu;uititv 
of  tinuiit^  and  ij^iH'^'  a<'ids.  The  most 
important  barks  are  those  of  the  (nik  and 
cinchona  trees:  t'or  whieh  see  Tmninfj 
und  J*(ruri,ni  Bnrh. 

BARLEY.  A  valuable  cmin  for  malt- 
ing, but  a  poor  one  lur  bread  :  the  seeds 
of  the   Hordeum   distiohon.      It   grows 
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well  on  lighfc  land»,  and  is  used  in  futtening 
black  cattle,  hogs,  and  poultry.  80  bush- 
els is  a  good  crop  of  6S  lb.  each,  and  the 
weight  of  the  straw  is  about  l-6th  more. 

1000  parts  of  barley  contain,  according 
to  Einhof,  starch,  720 ;  mucilage,  50  ; 
sugar,  56 ;  gluten,  86*6 ;  vegetable  albu- 
men, 12-3 :  water,  100 ;  phosphate  of 
lime,  2-5 ;  ligneous  matter^  68.  rot  bar- 
ley is  barley  deprived  of  its  outer  skin ; 
pearl  barley  lias  also  a  portion  of  the 
.  grain  removed,  leavinj?  merely  a  small 
'  round  kernel.  Both  kinds  are  made  in 
the  swne  mill^  but  the  pearl  barley  re- 
ceives more  gnnding. 

BARM.    Another  name  for  yeast.   (See 
Beer,) 

BAROMETER.  A  well-known  instru- 
ment for  measuring  the  weight  or  pres- 
sure of  the  atmosphere.  The  invention 
of  the  barometer  was  in  some  dc<?rec 
owing  to  an  accident.  Some  workmen 
employed  by  the  Duke  of  Florence  to 
prepare  a  sucking-pump  for  a  deep  well, 
found  to  their  surprise  that  notwith- 
standing the  utmost  care  in  fonning  and 
fitting  tlie  valves  and  piston,  the  water 
would  not  rise  higher  tlian  18  palms,  or 
about  32  English  feet.  For  un  exiJanation 
of  this  uncxi->ected  difficuhy  they  applied 
to  the  illustrious-  (iulilex),  then*  passing 
the  evening  of  his  life  at  his  villa  near 
Arcetri ;  but  the  philosopher  was  not  yet 
prepared  with  the  true  answer.  In  tliat 
age  the  doctrine  of  a  jyUnmn  was  an 
axiom  in  philosophy;  and  the  ascent  of 
water  in  the  barrel  of  the  pump  was  iini- 
vcrsuily  as<.'rilK'd  to  nature's  horror  of  a 
vitcHum.  Gulilco,  either  fvarinsJr  to  en- 
counter further  persecutions  by  j)ro- 
]>ouniiinff  o])inions  at  variance  with  the 
prejudices  of  tiie  times,  or  pre-occupie«l 
by  the  prevallinir  nietapiioricul  modes  of 
expression,  evaded  tive  tlilUciilty  hy  say- 
int;  that  the  power  of  nature  to  overcomo 
a  vuciruii  was  limited,  and  did  not  ex- 
ceed the  pressure  of  a  cohimn  of  water 
JVi  feet  in  hei<rht.  That  lie  was  liimM-lf 
little  satisfied  with  tliis  ex]tlanation,  is 
eviclent  from  tlie  cireniiistaiiee  tiiat  jire- 
vioiisly  to  ]»is  <h-atli,  which  hapiieiicd 
soon  after,  in  1»'1-J,  lie  earnestly  reeoni- 
mended  to  his  pupil  Torrieelli  to  uii.ier- 
take  tiie  investiiration  ot"  the  sultject. 
which  tlie  iiitirmities  of  ailv.inced  jure  no 
lonircr  ]>erniitfed  him  to  proseeute.  T'r- 
rieelli,  suspcctin^jr  the  true  can>e  of  the 
suspension  of  tlie  water,  nanulv,  the 
weiirht  of  Die  atmos]tliere,  hapi'ily  con- 
ceived tlse  idea  of  tryinj-  the  expc  riiiKiit 
witii  mere'.iry.  He  perceived  tlmt  if  llie 
weijLjlit  of  tiie  atino-pherc  foruts  a  coun- 


terpoise to  a  column  of  water  of  82  feet, 
it  must  also  counterpoise  a  column  or 
mercury  of  about  28  inches  in  height, 
the  weight  of  mercury  being  about  14 
times  greater  than  that  of  water.  Hav- 
ing accordingly'  procured  a  glass  tube  of 
atlout  3  feet  m  length  anu  a  ouartcr  of 
an  inch  in  diameter,  hermetically  sealed 
at  one  end,  he  filled  it  with  mercurj-; 
and  covering  the  open  end  with  the  fin- 
ger, he  immerged  it  in  on  open  ve^&el 
containing  mercurv.  On  bringing  th« 
tube  to  the  vertical  position,  and  remov- 
ing the  finger,  the  mercury  instantly 
sank,  leaving  a  vacuum  at  the  top  of  the 
tube,  and,  after  making  several  oscilla- 
tions, stood  in  the  tube  at  the  height  of 
about  28  inches  above  the  surface  of  that 
ill  the  vessel.  On  covering  the  mercury  in 
the  vessel  with  a  portion  of  water,  and  rais- 
ing the  tube  till  the  lower  end  came  into 
contact  with  the  water,  the  mercury  all  ran 
out,  and  the  water  nrohed  up  to  the  top  of 
the  tube.  This  experiment,  called  after  its 
author  the  Torrictllian  trptrhntnt,,  de- 
monstrated that  the  mercury  was  sustain- 
ed in  the  tube,  and  the  'water  in  the 
barrel  of  the  pump,  by  exactly  the  same 
counterpoise,  whatever  the  nature  of  it 
might  be.  Torrieelli  tlied  shortly  after, 
in  tiie  flower  of  his  age,  without  com- 
pleting his  trrcnt  discovery  ;  but  the  fame 
of  his  experiment  was  soon  carried  into 
other  countries,  and  the  subject  eng:i<rcd 
tile  attention  of  tlie  most  eminent  phi- 
losophers; among  others  the  celebrated 
l*asc:il.  After  a  variety  of  ingenious  ex- 
]»eriments  on  the  subject,  all  of  which 
tended  to  establish  tiie  pressure  of  tlie 
almosjOiere,  it  at  IcULrth  occurred  to  Pas- 
cal tliat  if  tlie  uiercnrud  cohimn  was 
really  su|>]>orted  by  atmospheric  ]>res^ 
sure,  it  must  i)e  nlfected  by  the  weight 
of  the  sni'erineumbent  mass  of  air,  and 
c<Mise<|uentIy  be  diininislied  at  con-^idcra- 
bk»  ck-valions.  In  order  to  verifv  tliis 
conjectim',  he  requested  his  brotlier-in- 
law,  I'erier,  to  try  the  cvj'eriment  on  th.o 
/'/'//  f/'i  Jh'ine,  a  lot'ty  conical  nionntiiin 
in  the  province  of  Auverirnc,  wlii«-h  rises 
to  tlic  lieiLdil  of  .'(Oo  t()i>es.  At  the  toot 
f»f  the  nionntain  Pcrier  filh'd  two  tnlx*s, 
and  observed  tlie  niereurv  in  each  to 
stand  at  ])re(  isi'ly  the  same  )ieiirlit,  nearly 
'J^  Knirlish  inclie>.  I.ea\intr  one  of  them 
under  the  eare  t>f  a  person  to  watcli  its 
rise  ami  fall,  lie  carried  the  other  to  tlie 
top  of  the  monnt;iln  ;  and  on  r<*j>eatinir 
tlie  e\|Hrnnent  tlii-re,  the  inert  nry  st'  od 
:it  th«'  he'ulit  oi  r.i,l\  i.M-7  K»i!_'lish  ii  cl  »■  ■>. 
At  i^'o  Iniciiiii  '.i.'e  ^ttion-  n,  his  de 
seent,  the  mereiiiy  was  ol.»>erved  succcA- 
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tirel^  b>  riM,  uid  It  tbe  fbot  of  t]i«  DiouD-  ; 

tvn  it  stood  U  eiaclJf  the  nnus  height 
in  the  lobe  as  at  flist.  This  experiment 
mi  decisive ;  the  resalt  of  it  wis  com- 
munitiUed  lo  Psaoal  U  PnriB,  who,  after 

made  BuoceMively  on  the  ground,  aiid  ut 
the  top  or  R  ghuB-houBe  ami  the  belfr}-  ot  i 
■  charch,  proposed  the  barometer  u  an  | 

'--■■ ' asurictf  the  height  of  ' 

J   relmrve  altit-^-  -' 

.       .    ._      _    ir&ceoftheei 

Tb6  barometer  had  been  hat  a  liiort 
(Ime invented  before  itwas  ubecned  tbot 
the  height  of  the  mercurial  column  ie 
aobjert  lo  variations  connected  in  some 
■Kuy  with  the  changes  of  wesllier.  But 
the  variotioM  are  conflned  within  a  limit- 
ed nuige,  Bcarcely  exceeding-  S  inches  in 
all,  and  oUcn,  tbr  many  dkyB  together, 
do  not  exceed  a  few  hundredths  of  an 
inch.     It  therefore  was  considered  de- 


ich  have  been  BuggeBted,  the  ((renter 
liave  been  propoBcd  with  a  view  lo 
inrpose.    The  most  rcmsrknble  or 

Escriplions  of  which  will  be  readily 
ilb   the  assisljuiee   of  the 


Yie.  1,  is  the  CI... 

wn-U  the  inverted  tulm  of  T-rric-lli 
^lirciiify  described.  The  tube  must  lie 
u1»>iit  M  inches  lonir.  When  pliired  in 
llie  cii^tGm,  the  mercury  sinks  till  the 
ei'lnmn  between  llie  tvo  enrfuocs  in  uid 
H  juHt  cvaiiterbulunees  the  prci>i>iirc  oftbe 
wr.  Tlie  space  above  the  meri'Ury,  a  m, 
in  or  oiiahl  to  lie  a  perfect  vueiinm,  or 
only  filled  with  the  rnporof  mercun'.  In 
thi>  barometer,  ai  the  diameter  of  the 
cistern  I*  generally  very  much  greater 


ind  that  the  hei|cht  of  the  column  tn  n 
suffers  a  diminution  of  one  inch;  it  is 
evident  that,  aa  all  the  moreury  which 
icocs  out  of  the  lube  passes  into  the  cie- 

but  less  in  proportion  aa  the  section  of 
the  ciBtcm  exceeds  that  ot  the  labs.  In 
the  cose  Huppoeed,  therefore,  the  altent- 

gresler  tlian  at  a ,'  that  Is  to  say,  there  nill 
be  a  fliH  of  jy  of  *n  inch  at  m,  and  a  rise 
of^j^ofoninehat  n. 

fig.  a,  is  the  S:pion.  Bororndfr,  which 
was  alio  proposed  by  Torricclli,  as  being 
more  convenient  tlmn  the  former.  11  is 
merely  a  tube  bermelicutly  sealad  at  the 
upper  end,  haviD|(  the  lower  or  open  end 
bent  upwards  in  the  form  of  a  sii>lion. 
The  variationa  in  this  are  only  half  aa 
great  as  in  the  cistem  barometer '  for  the 
tube  being  of  the  same  width  llirongh- 
oal,  a  diminution  of  Ibe  column  m  n 
amounting  to  one  ineh  will  bo  marhed 
by  a  fall  of  half  an  inch  at  m  and  a  rise  of 
half  an  inch  at  n.  Tills  inconvenience 
may,  however,  be  remedied  bj*  having 

but  as  it  is  very  dilHcalt  lo  procure  llie 
bulb  to  be  blown  into  a  perfectly  regnlar 
shape,  this  eiiturKCiiient  o(  the  bulb  IB 

Fig.  a 

n  thesiirtbccof  tlic  mcreuiy  in  u  siphon 
miromcler,  which  U  very  nearly  conntor- 
pnised  by  anodier  weiglit,  «•,  cnnnccted 
with  the  former  by  a  string  passing  over 
a  pulley,  p.  When  tho  tncrriir^'  rises  at 
n.  the  nvieht  w  dcxccnda,  and  liinis  Ihe 
pulley.  An  index  ntturhed  to  the  axle 
of  the  pnlley  shows  on  u  dial  the  ouanlitv 
of  revolution.  This  biiromettT, 
veiy  eoninioply  met  with,  la 
and  indiciili'«  neither  the  ub» 
of  tlio  mercurial  column,  ni 

the  sliglilcMt  uae  fur  any  )ib'lln"<])hlral 
piirpoMi  whatever.    Evfu  m  a  wenlhcr- 
bIiw*.  it  is  the  womt  of  all  the  cotniiioii 
romisofthelnromeler. 
!iir  Samuel  Morcliind  jtroposed  tn  cn- 

|mrt  of  Ihe  tuU-  so'  iis  In  lunr"  a  f^wili-r- 
alilc  outfle  with   tin-  pcrt'cii'liiiil'ir.    By 

tlio  proportion  of  rudiU"  to  the  n'sinc  of 
llie  angle  of  incliiiali.pii ;  but  the  fritiiou 
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on  the  sides  of  the  tube  is  firreatly  in- 
creased, and  it  is  very  difficait  to  deter- 
mine the  exact  plane' of  the  top  of  the 
column  which  requires  to  be  read  off  on 
a  vertical  scale.  This  construction  is 
easily  conceived  without  a  diagram. 

We  shall  notice  two  other  forma  of  the 
barometer,  proposed  with  a  different  view 
from  that  of  enlarging  the  scale.  Fig.  4, 
is  a  modification  of  the  siphon  barometer 
proposed  by  Gay  Lussac.  It  differs  from 
the  common  fonn  in  this  respect,  tlint, 
lifter  the  tube  has  been  filled,  tiie  short 
branch  is  hermetically  closed  at  the  top, 
and  the  communication  with  the  almos- 

f)here  takes  place  throusrh  a  small  capil- 
ary  hole  drilled  latenilly  through  the 
tube  at  o,  so  fine  that  though  it  admits 
the  air  to  pass  freely,  it  prevents  the 
pa-^sage  of  trie  mercury.  Tnc  barometer 
IS  thus  rendered  very  convenient  for  car- 
riage; btlt  notwithstanding  the  promising 
appearance  of  this  barometer,  it  has  been 
found,  particularlv  in  travelling,  that  a 
portion  of  air  will  frequently  insinuate 
itself  through  the  mercurv.  In  order  to 
prevent  the  possibility  of  the  accident, 
an  ingenious  modification  lias  been  made 
b^  M.  Bunteii,  a  Parisian  artist.  It  con- 
sists in  causing  the  part  of  the  tube  a  h 
to  terminate  in  a  very  fine  point,  and  to 
penetrate  to  some  depth  into  tlie  otlier 
part  c  o,  to  which  it  is  joined  at  «',  in  the 
manner  repref^entod  in  Fii;.  .'>.  Now  if  an 
air  bubble  from  the  end  «,  wliioli  cnn- 
munieates  with  the  atnio>i)hire,  should 
find  its  wav  tV.roiiL'h  tlio  nciit  capillary 
tnbe.  it  wilf  ]>:iss  aldiir  tlic  >i<lcs  of  the 
buliriiiL'  part,  and  instc;i«l  of  ptiietratini; 
to  the  vacuum  at  r/,  will  l>c  jirn-stcd  at  <■, 
whence  it  is  easily  cxpolk-il  })v  re\crsiii:,r 
the  barometer. 

None  of  tlie  contrivance^  wliich  liavc 
been  (les<'rihc<l  I'ur  inrri'Msitiir  the  ranL'C 
of  the  osrillafions  \\a\v  hem  found  to 
succeed  well  in  prartirc.  It  is  found  to 
be  decidedly  hcttt-r  to  apply  niiinitc  divi- 
sions, than  to  attempt  to  cnlarL'c  the 
scale  ;  accord ini'ly.  experituenters  now 
adhere  to  *»n<'  or  other  oi'tlic  two  ancient 
forms,  the  cistern  hirojneter  and  tlic 
siphon  l»aronifti"r.  The  li«'i!_'ht  of  tlic 
column  in  the  siphon  haromctcr  is  con- 
veniently measured  hy  mean-^  of  a  mov- 
able scale  attache(l  t«">  the  fraiue  which 
supports  the  tul»e  :  hy  means  of  a  tanLTiiit 
Pcrew,  the  seaie  is  raised  or  lowerd  till 
its  zero  coincides  c\a<tly  with  tin-  ~tirfa«'c 
of  the  mercury  in  the  lower  hnmcli  ; 
and  witli  the  assi-tanec  of  a  vernier,  tho 
height  can  he  rend  otf  to  the  hundredth 
or  two-hundredth  of  an  incli  with  sutti- 


cient  precision.  The  scale  of  the  cistern 
barometer  is  usually  fixed,  and  the  bot- 
tom of  the  cistern  is*  raised  or  lowered  by 
a  screw  till  the  surface  of  the  mercury  in 
it  coincides  with  the  zero  of  the  scale ; 
but  the  scile  may  bo  movable,  and  its 
zero  brought  to  coincide  with  the  surface 
of  the  mercury  in  the  basin,  as  in  the 
former  case.  In  order  to  determine  when 
this  coincidence  takes  place,  various  ex- 
pedients may  be  had  recourse  to.  The 
most-  usual  is  to  place  on  the  surface  of 
the  mereur}'  a  float  carrying  a  vertical 
needle,  some  point  on  which  answers  to 
a  fixed  point  on  the  scale,  and  the  coin- 
cidence oh)tains  when  the  two  j)oiuts  are 
brouifht  into  the  same  level.  Another 
contrivance  to  ctfeet  the  same  purpose 
was  cnii)loyed  hy  Forlin,  a  celebrated 
French  artist.  An  ivorv  needle  is  at- 
tached to  the  scale,  pointing  downwards, 
and  having  its  point  exactly  in  the  same 
level  with  the  zero  of  the  scale.  The 
image  of  the  needle  is  clearly  reflected 
tVom  the  surface  of  the  mercury  in  the 
cistern,  and  the  cistern  is  raised  or  lower- 
ed till  the  point  of  the  needle  and  its 
image  precisely  coincide. 

In  order  to  construct  a  good  barometer, 
it  is  indispensably  necessary  that  the 
mercury  be  perlectly  free  from  impuri- 
ties, and  cjirefully  purged  of  air ;  this  is 
obtained  by  boiling  it.  The  particles  of 
air  and  moisture  which  cling  obstinately 
to  the  sides  of  the  tube  must  also  be  ex- 
pelled bv  heat ;  the  mercurv  must  then 
be  introduced  slowly  and  continuously 
in  a  hot  state,  and  wiiilc  the  tube  con- 
tinues hot.  Since  the  time  of  Deluc  it 
has  been  usual  to  boil  the  mercury  in  tlic 
tube  bel'on-  invertiuLr  it  and  forming:  the 
vacuum  :  but  ili'ubts  now  be^'in  to  V>c  en- 
teriaincd  am"iiLr  the  nio>t  skillul  m:'.kers 
"•t"lhe  expediency  of  this  \cry  troiiltle- 
some  pr.'ci'ss.  'I'he  uicrt  ury  is  jiaJtially 
o\\d;itcd  by  boi^^ll.^  and  a  thin  cru^t 
li'i'nicd,  wliicli  k(  ips  tile  column  su<- 
I'CJidid  at  a  creater  lieiL'bt,  an<l  obstrm  ts 
tile  l'rci'<lom  ot'  th«'  mj»ti<'n.  It  is  impor- 
tant that  the  diameter  ot  the  tube  be  not 
Very  small;  ibr  it  i^  found  that  the  mer- 
cury m'>\r>  with  more  iVi-cdom  in  a  tube 
of"  e>>n>i.l. Table  width,  the  o>rillations 
toll*. win;/  thi'  atmov^.heric  chancres  with 
np'ic  ]-i-('m]it  i!  Ufle  than  in  one  ot' >mal!cr 
ditucn-ion^  ;  ]H>ides  wlii'h.  there  is  lc-.s 
di>tiirb:ini-e  from  c.ijiillary  allra<ti"!i, 
rile  interior  dianicti  r  sliouM  in  c\ciy 
ca-c  excrrd  onc-t'oiiitli  iil'an  inch. 

Tiie  Willie  ot'  the  barometer  as  a  scIl-ii- 
tiric  instnuiient  depend-  on  the  jiurity  of 
the  mercurv,  and  tlie  total  excl^^^ioll  of 
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atmospheric  air.  By  proper  care  in  the 
construction,  it  is,  perhaps,  possible  to 
expel  every  particle  of  air  from  the  mer- 
cury and  the  interior  of  the  tube  when 
the  barometer  is  made ;  but  it  seems 
doubti\il  if,  by  any  means  whatever,  it 
can  be  preserN'ed  for  a  considerable  len^h 
of  time  in  this  state.  The  most  carefully 
constructed  barometers  are  liable  to  a 
slow  and  onradual  deterioration  by  the  in- 
trusion of  air,  which  has  been  supposed 
to  insinuate  itself  between  the  metal  and 
the  tube,  and  not  through  the  mercury. 
To  obviate  this  inconvenience  Professor 
Daniell  conceived  the  ingenious  idea  of 
fixing  to  the  open  end  of  the  tube  of  the 
cistem  barometer  a  substance  having  a 
greater  affinity  than  glass  for  mercury. 
**  I  caused,"  says  he,  "  a  small  thin  piece 
of  platinum  tube  to  bo  made,  about  the 
third  of  an  inch  in  length,  and  of  the 
difuneter  of  the  ^lass  tube ;  this  was  care- 
fully welded  to  its  open  end,  so  that  the 
barometer  tube  terminated  in  a  rin^  of 
platinum.  The  tube  was  filled  and  boiled 
as  usual,  and  the  infiltration  of  air  was 
completdy  prevented  by  the  adhesion  of 
the  mercury  both  to  the  interior  and  ex- 
terior surface  of  the  platinum  guard.  I 
have  no  doubt  that  a  mere  ring  of  wire 
welded,  or  even  cemented,  upoii  the  ex- 
terior surface  of  the  glass,  wnich  would 
be  a  much  easier  and  less  expensive 
operation,  would  be  a  sufficient  protec- 
tion, as  the  slightest  line  of  perfect  con- 
tact must  effectually  arrest  the  pui»sage 
of  the  air" 

In  all  barometie  observations  there  are, 
in  general,  two  essential  corrections  to  be 
made ;  one  for  the  capillarity  or  depres- 
sion of  the  mercury  in  the  tube,  and  the 
other  for  temperature.  Pure  mercury  in 
a  glass  tube  always  assumes  a  convex 
surface.  The  following  ore  the  correc- 
tions for  tubes  of  different  diameters,  ac- 
cording to  the  theory  of  Mr.  Ivory. 


Diun.ofTalM. 
ImektM. 

In<ket. 

Diam.  of  Tabe.   DrprfMton 
InrK*§.                       infkei. 

•10    -    - 

•1403. 

•40    - 

-     -0153. 

•15    -    - 

•0868. 

•45    - 

-    -0112. 

•20    -    - 

•0581. 

•50     - 

-  .  -0083. 

•25    -    - 

•0407. 

•60     - 

-     •0044. 

•80    -    - 

•0292. 

•70    - 

-     '0023. 

•85    -    - 

•0211. 

•80    - 

-     -0012. 

These  corrections,  which  must  always 
be  applied  to  cistem  barometers,  show 
that  wide  tubes  ought  to  be  preferred; 
in  fact,  when  the  diameter  ot  the  tube 
exceeds  half  an  inch,  they  may  be  safely 
omitted.  In  siphon  barometers  having 
both  branches  of  the  same  diameter,  the 


depre5wion  is  equal  at  both  ends ;  conse- 
quently the  effect  is  destroyed,  and  no 
correction  is  required.  This  is  a  consi- 
derable advantage ;  for  notwithstanding 
the  most  elaborate  calculations,  some  un- 
certmnty  must  always  remain  with  re- 
gard to  the  exact  amount  of  the  capillary 
repulsion. 

The  correction  for  the  temperature, 
which  is  the  most  important,  depends  on 
the  expansion  of  the  mercurv,  and  the 
expansion  of  the  scale  on  whicn  the  di\i- 
sions  are  marked.  If  we  make  a  =  the 
height  of  the  thermometer  in  degrees 
above  the  freezing  point,  x  =  the  frac- 
tional part  of  its  bulk  which  mercury  ex- 
Eands  for  one  degree  of  heat  on  Fahren- 
eit's  scale,  y  =  the  fractional  part  of  its 
length  by  which  the  scale  increases,  h  = 
the  observed  height  of  the  barometer; 
then  the  height  which  would  have  been 
observed  had  the  thermometer  stood  at 
the  freezing  point  is 

h  —  A  a{x — y). 

The  expansion  of  mercury  in  part  of  its 
bulk  is  -OCM^lOOl.  The  scale  is  generally 
of  some  mixed  metal  of  which  the  expan- 
sion is  not  very  well  ascertained:  sup- 
posing it  to  be  eoual  to  tliat  of  copper,  the 
expansion  woula  V)o  -OOOOOOC ;  therefore 
it  will  1)0  sufficiently  accurate  to  neglect 
the  temperature  of  the  scale,  and  assume 
that  of  the  mercury  to  be  -0001.  Hence 
the  following  practical  rule  for  reducing 
an  obscrve<l  height  to  the  corresponding 
height  at  the  temperature  of  the  freezing 
point :    '*  Siibtrui't    the   ten-thousandth 

Sart  of  the  observed  altitude  for  every 
ei/rco  of  Fahrenheit  above  82."  Sup- 
pose the  thennometer  54*^  and  the  baro- 
meter «'iO  inohes,  the  correction  will  be 
(54—^2)  X  30  X  •0001  =  -066,  to  be  buI)- 
tracted  from  ^{0  inclies.  In  order  to  find 
the  value  of  this  cr^rrection  a  thermome- 
ter must  be  attached  to  the  barometer, 
and  observed  at  the  same  time.  A  t^ibic, 
showing  the  correction  for  temperature 
for  every  degree  of  Fahrenheit  from  30^ 
to  90°,  and  for  everj'  ditferenee  of  half  nn 
inch  in  the  heiirht  of  the  mereur\'  Iroiii 
28  to  SO',')  inclies,  was  construetcMl  by 
Professor  Schumacher,  and  is  rrivon  bv 
Mr.  Baily  in  the  PhiL  Tran-t.  for  1^07. 

Cause  offfw  rarififionjt  of  the  i^nnntttr. 
— Various  theories  have  been  proj.oscd 
to  account  for  t!i«>sc  t'rcquent  atiiu  splio- 
rical  chaiifres  which  cause  the  rise  and 
fall  of  the  iMirometer.  but  none  of  them 
can  bo  regarded  as  very  satisfsutory. 
Whatever  tends  to  increap.e  or  diminish 
the  vertical  pressure  will  ob\'iously  cause 
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the  barometei  to  rise  or  fiill ;  but  the  ver* 
tioal  pre»saro  mav  be  increased  eitlier  by 
an  influx  of  winds  and  the  accumulation 
of  air  at  any  place,  or  by  a  diminution  of 
the  elasticity  of  the  atmosphere.  The 
presence  of  heat  or  of  moisture  augments 
the  elasticity,  and  consequently  reduces 
the  weight  of  the  vertical  column.  During 
the  prevalence  of  northerly  and  easterly 
winds  the  barometer  stands  high,  the 
elasticity  being  diminished  by  tlie  cold. 
But  the  real  difficulty.  Professor  Leslie 
remarks,  "consists  in  explaining  why 
the  variations  of  the  barometer  should  be 
great4;r  in  the  high  latitudes  than  be- 
tween the  tropics,  and  why  they  should 
exceed  in  all  cases  the  qnantitica  which 
calculation  might  assign.  Tiie  onlv  mode, 
perhaps,  of  removing  the  difficulty  is  to 
take  mto  consideration  the  comparative 
slowness  with  which  any  force  is  propa- 
gated through  the  vast  body  of  tlie  at- 
mosphere. An  inequality  mav  continue 
to  accumulate  in  one  spot  f)efore  tlic 
counterbalancing  influence  of  the  distant 
portions  of  the  aerial  influence  can  arrive 
to  modify  the  result.  In  the  higher  lati- 
tudes, the  narrow  circle  of  air  may  be 
considered  as  in  some  measure  insulated 
ft-om  the  expanded  ocean  of  atmosphere; 
and  hence,  perhaps,  tlie  variations  of  the 
barometer  are  concentrated  there,  and 
swelled  beyond  the  due  proportion." 

Uses  of  t?w  barometer. — Tne  barometer 
is  an  instrument  of  great  importance  in 
astronomy,  its  indications  lonniiii?  an 
essential  element  in  clctcrmining  the 
amount  of  atmospheric  refnictioii.  Tt  is 
also,  on  account  of  its  npplication  to  the 
measurement  of  altitudes,  iiKlisj/en'^jible 
in  all  researches  rontueted  ^vith  the  cli- 
mate. The  purpose  for  wliich  it  is  most 
cr>nimonly  souirnt  after,  is  to  proifnosti- 
cate  the  state  of  the  weather.  On  laud 
this  is  ]>crliaps  the  least  ini[»ortMnt  of  its 
applications,  but  the  Ciise  is  wiilely  dit- 
ferent  at  sea. 

No  certain  rnlos  can  be  laiil  down  for 
proguoMtioutiui;  the  ^tate  of  the  wo-itlu-r 
iVom  th(;  harotueter.  The  f«>ll(t\vii)L:  are 
j)rf)bably  of  as  ireueral  a]»j)licatiou  as  any 
that  can  bc^'iven.  It  i>  al\va\s  to  l>e  re- 
membered tliat  what  the  h:ir<iiueler  ac- 
tuilly  shows  is  the  present  ]»re-sure  of 
t)ic  atmosphere:  a-iu  tiiat  its  variations 
correspona  to  atniosjt'ierit.il  elian'jes 
which  have  already  t-ikrn  i«l:iee,  tiiC 
etTe.'ts  of  which  may  tolhnv  tlieir  cau>e 
at  a  lirreUer  or  less  interval. 

1.  After  a  contimiMuce  of  dry  wenther. 
if  tlie  V>aroiueter  hej'ins  to  f  11  sjowlv  and 
Stcadilv,  ruin  will  ccitainlv  cns>ue  ;  but  if 


the  flne  weather  has  been  of  long  dun>- 
tion,  the  mercury  may  fall  for  two  or 
three  days  before  any  perceptible  change 
takes  place,  atid  the  longer  time  elapses 
before  the  rain  comes,  the  longer  the  wet 
weather  is  likely  to  last. 

2.  Conversclyj  if  after  a  great  deal  of 
wet  weather,  with  the  barometer  below 
its  mean  height,  the  mercury  begins  to 
rise  steadily  and  slowlv,  fine  weather  will 
come,  though  two  or  tliree  wet  days  may 
first  elapse ;  and  the  fine  weather  will  be 
more  permanent  in  proportion  to  the 
length  of  time  that  passes  before  the  per- 
ceptible change  takes  place. 

3.  On  either  of  the  two  foregoine  sup- 
positions, if  the  change  immediately  en- 
sues on  the  motion  of  the  mercury,  the 
change  will  not  be  permanent. 

4.  If  the  barometer  rise  slowly  and 
steadily  for  two  days  toircther  or  more, 
fine  weather  will  come,  tmnurh  for  those 
two  davs  it  mav  rain  incessantlv,  and  the 
reverse;  but  if  the  barometer  rise  for 
two  days  or  more  during  rain,  ana  then 
on  the  appearance  of  tine  weather  bei^ins 
to  fall  again,  that  fine  weather  will  bo 
very  transient,  and  vicf  vtrna. 

5.  A  sudden  fiJl  of  the  barometer  in 
the  spring  or  autumn  indicates  wind;  in 
the  tjummer,  during  very  hot  weather,  a 
thunderstorm  may  be  expected;  in  win- 
ter, a  sudden  fall  after  fro>t  of  some  con- 
tinuance indicates  a  change  of  wind,  with 
thaw  and  rain;  but  in  a  continued  frost, 
a  rise  of  the  mercury  indicates  approach- 
inj^  snow. 

6.  No  rapid  fluctuations  of  the  baro- 
meter are  to  b<'  inter|ireted  lus  indicating 
either  dry  or  wet  weatln'r  of  any  con- 
tinuanc*' ;  it  is  only  the  slow,  steady,  and 
continued  ri>e  or  tall  that  is  to  be  at- 
tended to  in  this  resjjeet. 

7.  \  rise  of  the  mercury  late  in  the 
autunm,  at'ler  a  Ion;:  continuance  of  wet 
and  windy  weather,  ^^enerally  indicates 
a  (•hanL'"e  of  wind  to  tlic  ii'Mthern  tpiar- 
ters.  and  tlie  a|'|>roa<-h  of  frost. 

BAUVTO  CALCITK.  A  mineral  oi- 
curriiiL'  h'.th  massive  a)id  crystalli/ed  ill 
«»hli([ue  riioTuhic  pri^nis.  It  <'ontains  ♦>*» 
]>er  eent.  ol"  earhoiiite  har\  ta  and  o4  per 
eent.  ot'carhonate  ot'  linii\ 

BAS  \I/r.  A  onnnon  soei'ies  of  trap. 
E->enti:ilIy  e<>ni)»o>c'il  ut'  feKjiar  and  mj- 
t^ite,  ot'  a  compact  'cxturc,  an<t  dark-'jJ'cen 
LM'ay  or  i»laek  cnlnr  :  ot"t<-n  loimd  <iy^tal- 
rz<'d  in  in'ntaLr"iial  or  six-sided  ti-Mires, 
as  tlio-c  111  tlie  'iiant**'  ('au-«eway  :ind  the 
Island  "f  Stalla  are  niin:nitic«iit  exam 
p\-s.  The  Palisades  on  the  Hudson  ri\ei 
uTe  of  basult. 
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BASE.  In  bhemiitiy  the  substance 
with  which  an  add  is  combined:  thos 
in  the  sulphate  of  iron,  iron  is  the  base 
united  with  salpharic  acid.  Almost  all 
oxides  of  metals  are  bases. 

BASSOKINK  Amodifloationofgum, 
originally  found  by  Vauquelin  in  ^m 
hoMara.  It  is  semi-transparent^  and 
forms  a  thick  macilage  with  water  with> 
oat  dissolving:  an  addition  of  a  little 
nitric  or  muriatic  acid  aids  its  solubility 
▼erv  much. 

SaTTEN.  Wooden  scantling  fW)m 
two  to  six  inches  brood,  and  fVom  one  to 
two  inches  thick,  used  in  walls  to  secure 
tlic  laths  over  which  the  plaster  is  laid. 

BAY  SALT.  A  large  grained  salt  ob- 
tained by  the  spontaneous  evaporation  of 
sea  water  in  large  shallow  pits  exposed 
to  the  full  action  of  sun  and  air. 

BDELLIUM.  An  AfHcan  gum  resin 
of  a  dark  brown  color :  common  in  sam- 
pler of  myrrh. 

BEAM.  A  horizontal  piece  of  timber 
used  for  resisting  the  stram  of  a  weight ; 
as  a  tic-beam,  which  acts  like  a  striuj^  or 
chain  by  its  tension;  a  straining-piccc 
where  it  acts  by  compression ;  or  a  ores- 
summer  where  it  bears  a  resisting  weight. 

BEER.  Wine  made  fVom  grain,  chiefly 
by  fermenting  an  infhsiou  of  barley, 
malt,  and  of  hops,  and  bears  different 
names  according  to  the  color  and  the 
strength.  Wheat  and  maize  are  8URce})ti- 
ble  of  undergoing  a  like  change  with 
barley.  Oats  and  rice  also  are  capable  of 
producing  beer ;  and  many  other  vegeta- 
ole  bitters  are  substituted  for  the  hop. 
The  objects  in  view  in  this  manufacture 
are  to  form  sugar,  and  consequently  the 
alcoholic  portion  of  the  liquor,  the  other 
to  communicate  a  particular  flavor,  and 
assist  in  its  preservation.  The  first  sta^^e 
is  to  convert  the  barley  into  malt,  by 
making  the  grain  germinate  up  to  a  cer- 
tain point,  when  a  peculiar  azotizcd  sub- 
stance called  diasUme  is  formed,  which 
posscMKCS  the  remarkable  property  of 
onverting  the  starch  into  a  fenncntiMo 
su'/ur,  resembling  graiKJ-sngur.  Tliin 
ehanwrc  does  not  take  place  at  once,  for 
the  Htarch  is  Pr*t  chanf^ed  into  a  gummy 
n.  i'-ilnirin'^us  substance  called  dextrin. 
Thi-*  Huljstance  docs  not  ferment  on  the 
n'Mitinn  of  yerist ;  but  by  the  action  of 
diii'it  ise  it  is  readily  converted  into  fltnrcli- 
sii'.Mr,  which  is  fermentible.  This  is 
(rencriilly  a  distinct  oi)eration  from  that 
of  brewing,  and  consists  of  four  nro- 
ees^tes,  namely,  *f^eping^  cxyuchin{r,  floor* 
i/u/,  and  hiln-4ryin{f.  In  steepinar,  the 
molt  is  placed  in  tank  cisterns,  sprinkled 


with  water  so  as  barely  to  cover  it,  and  let 
lie  for  about  40  hours.  The  barley  im- 
bibes moisture  and  increases  in  bulk ;  it 
^ves  out  carbonic  acid,  which  dissolves 
m  the  water ;  some  of  the  husk  colors 
the  water  also.  The  gnun  becomes 
whiter  and  so  soft  that  the  two  ends  of  a 
grain  am  be  squeezed  between  the  finger 
and  thumb;  the  water  is  then  drained 
off;  it  is  then  heaped  or  couched.  When 
it  warms  and  begins  to  germinate,  the 

train  absorbs  oxvgen  and  gives  out  car- 
onic  acid,  and  tlie  temperature  rises  to 
90°. 

The  germination  of  the  malt  is  now 
stopped  by  drying  on  a  kiln,  which  con- 
sists of  a  chamber,  floored  with  an  iron 
plate,  f\ill  of  holes,  and  furnished  with  a 
vent  in  the  roof  for  the  escape  of  fhmes. 
Below  this  floor  is  a  furnace  containing 
charcoal  or  coke,  the  beat  of  which  as- 
cends through  the  malt. 

PaU  amber  and  hrotcn  malt  can  be  pro- 
duced from  the  same  kind  of  malt^  by 
varying  the  temperature  of  the  drymg. 
Pale  malt  is  driea  at  the  proper  temper- 
ature, and  produces  the  best  beer;  the 
other  varieties  are  scorched  and  charred. 
The  brown  malt  gives  a  bitter  taste,  and 
being  lesn  alcoholic,  became  a  more  fa- 
vorite drink  with  the  laboring  classes  of 
London :  and  hence  its  name  '*  porter." 
The  malt  is  then  ground  or  crushed  into 
coarse  powder,  and  then  passed  into  a 
mash  tun  containing  water  heated  up  to 
170°.  Here  it  digests  on  the  malt  till  all 
the  sugar  is  extracted,  when  the  liquor, 
now  Oilled  worts,  is  drawn  off.  The 
groin  receives  three  waters,  which,  when 
drawn  off,  are  mixed  together.  The  first 
wort  is  sometimes  set  aside  for  superior 
ales,  and  the  second  and  third  for  inferior 
beers.  The  malster  regulates  the  strength 
of  his  worts  by  an  instrument  called  the 
saccharonuter^  a  variety  of  liydnmieter. 

The  worts  are  next  concentrated  by 
boilinjr,  and  cleared  of  the  vegetable  af- 
bumon  which  coiiguiates.  The  hops  arc 
added  in  this  vessel,  and  ore  kept  stirred, 
so  as  not  to  lie  on  the  bottom.  The 
quantity  of  hops  added  depends  on  the 
quality  of  the  beer,  the  season,  and  cli- 
mate to  which  it  may  be  exported.  In 
warm  weather  a  larger  portion  is  added. 
In  strong  Enplish  beer  4i  lbs.  of  hops  is 
allowed  for  o  niiarter  of  malt :  for  ale  and 
■  porter  1  lb.  ot  hops  to  a  buf^liel  of  itiult. 
The  boilintr  being  completed,  the  liquid 
is  now  cooled  suddenly.  It  is  then  passed 
into  the  fennentinrr  tun,  and  ycnst  added. 
One  gallon  of  yeast  irenerally  sets  100 
gallons  of  wort* in  active  fermentation; 
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by  this  Utter  action  the  sugar  is  changed 
into  alcohol.  Before  this  is  fiiUy  com- 
pleted the  worts  are  racked  off  into  large 
iiogsheads,  with  the  bungholes  open, 
where  fermentation  is  allowed  to  complete 
itself.  By  this  means  no  vinegar  is  pro- 
duced, which  would  be  the  case  were  the 
process  to  be  completed  in  open  vessels. 
The  fermentation  over,  the  beer  is  pumped 
up  into  store-vats  of  great  size,  where  it 
is  kept  until  required  to  be  drawn  off  for 
consumption.  The  casks  are  bunged 
down  tightly.  The  beer  cleanses  itself  1 
in  these  vats,  throwing  down  a  scum  of 
flocculent  matter.  Isinglass,  or ^fini/u/Sj  is 
sometimes  added  for  this  purpose,  to  ex- 
pedite the  clarifictition. 

BEET.  The  sweet  succulent  root  of 
Beta  vulgari*^  a  Chenoiiodiaeeous  plant  of 
biennial  duration.  It  is  used  in  tlic  win- 
ter as  a  salad,  for  which  purpose  the  red 
and  yellow  beets  of  Casteliuiudari  are  the 
best ;  for  the  food  of  cattle,  under  the 
name  of  mangel-wurzel ;  and  for  the  ex- 
traction of  sugar:  for  the  last  object  a 
white-rooted  variety  with  a  purple  crown 
is  the  most  esteemed.  Sea  beet,  Btta 
marUlma^  is  a  well  known  and  excellent 
8uV>8titute  for  spinach. 

To  Napoleon  is  due  the  merit  of  having 
established  the  extraction  of  sujrar  from 
beet  as  a  branch  of  munufacture,  which 
is  now  in  so  flourishing  a  condition  in 
France  as  to  gradually  exclude  the  Colo- 
nial sugar  in  the  French  market.  Its  ma- 
nufacture was  twice  attempted  in  Irehmd 
with  such  success,  that  ttie  West  India 
planters  had  their  jealousy  aroused  :  and 
their  influence  was  sucli,  that  a  heavy 
prohibitory  duty  was  laitl  on  hcet  suirar, 
which  crushed  the  trade;  it  is  now, 
however,  removed,  anil  the  nianutinture 
of  sutfar  from  beet,  will,  in  a  lew  years, 
in  temperate  latituilcs,  cxelude  that  ol" 
the  cane  and  tlie  maple.  (  For  a  descrip- 
tion of  the  pnHVr^s,  «<<  Sn.Mt.) 

BELL  METAL.  An  alloy  ..f  sn  parts 
of  copi>er  and  liO  of  tin.  The  Indian 
goUiT  metjU  is  a  similar  alloy.  An  EiiL'lish  I 
hell  inctiil  analyzed  l»y  I)r'.  Thoinsoji  was 
found  to  consist  of  soo  eopprr,  bd  tin. 
5*5  zinc,  and  4^^  lead.  Sni:Ul  shrill  Ix-lls 
generally  eoutain  /ine. 

BELLoWS.  A  nia<hine  contrived  to 
propel  air  tiiroULdi  a  tube  or  oriti.-e.  It 
IS  used  lV)r  blowiiiL'  tirc^,  sujij-In  iiiu'  the 
j)i|)es  of  orirans.  an«l  other  jmrpi'MS,  and 
is  constructed  a<'C'>rdini:  to  variou>  tbruis  ; 
l>ut  the  prineiple  is  the  same  in  all  of 
tiietn.  'File  dinu-nsif.ns  of  a  space  in 
which  air  is  eontitird  are  euntracted  :  the 
air  being  permitted  to  escape  only  at  a 


small  opening,  rushes  ont  with  a  velodty 
proportional  to  the  pressure  and  to  the 
smallneBS  of  the  opening.  (For  improved 
bellows  and  blowing  machines,  tee  Mxtai^ 

LUROY.) 

BEN  NUTS.  The  seeds  of  an  Arabian 
plant  called  maringa  aptera:  they  yield 
an  oil  called  oil  of  ben,  ana  have  Dcen 
emploved  in  syphilitic  diseases. 

BEN,  OIL  OF.  The  expressed  oU  of 
the  nut  of  the  rnorvnga  aptera.  This  oil 
is  remarkable  for  not  becoming  rancid  by 
age ;  and  as  it  is  perfectly  insipid  and  in- 
odorous, it  is  used  for  extracting  the  fra- 
grancy  of  certain  flowers,  such  as  jessa- 
min, orange,  &c.  The  same  tree  fur- 
nishes the  Liijuum  nephriticum^  supposed 
to  be  useful  in  certain  affections  of  the 
kidneys. 

BENGAL  STRIPES.  Ginghams,  a 
cotton  fabric  woven  with  colored  stripes. 

BENZOIC  ACID.  A  constituent  of 
many  balsams,  generally  obtained  by 
lieating  benzoin  upon  a  shallow  iron  pan, 
sunnounted  by  a  frame  capped  \snth  car- 
tridge paper,  upon  which  tlie  acid  sulv 
liines  at  a  gentle  heat.  It  may  also  be 
obtained  by  boiliuff  benzoin  with  slaked 
lime,  and  deconijtosing  the  newly-formed 
benzoiite  of  lime  by  livdrochloric  acid; 
it  is  in  either  case  obtained  in  white 
crystalline  plates.  Its  chemical  composi- 
tion is  C*  IP  03,  and  is  classed  as  the 
oxide  of  a  supposed  radical  bcnzule. 
B<'nzoic  acid  melts  at  212°,  dissolves  in 
2oo  parts  of  cold  and  25  parts  of  boiling 
water,  in  twice  its  weight  of  alcohol, 
and  tVeely  in  ether,  fats,  and  volatile 
oils.  It  is  an  ini:redient  of  tinnitrating 
powders  and  pastiles.  It  enters  into  the 
composition  of  Friar's  V>alsam,  a  veteri- 
nar\  medicine,  and  of  the  cosnietie  vir- 
(lin  s  inilk\  made  oft  wo  drachms  of  the  al- 
coholic  solution  of  benzoin  with  one  pint 
of  rose  water. 

BENZOIN.  The  resinous  exudation 
of  the  nfi/nix  hfnytin,  a  tree  whicli  is  a  na- 
tive of  SuTuatra.  Ik-nzoin  is  a  combina- 
tion (.f  resin  an<l  }>*  nz"n'  (lyuL  It  has  a 
juottled  or  amyL'daloid  texture,  and  is 
('oiii|»osed  of  a  mixture  of  brown  and 
white  iiarts.  It  has  a  Irau^rant  oilor.  and 
i^  nnicii  used  in  pert'ujucrN  and  vai"ni"-hes. 

liKRliKKEN.  A  yi-ll-w  bitter  ].ruh  i- 
])lc.  contained  in  tlie  Jilooholio  extract  of 
tin-  r'«"t  -if  the  barberrv  tn-e. 

UKlIl'.FKKV.  (Lat.  ^.^/'w;x.^  A  sj.iny 
shrubby  plant,  licarinir  vcllow  Ibnvers, 
and  sufcuii  lit  orif-ci'Iltd  iVuit  L'rowinij  in 
ratcnii>^.  It  is  one  of  a  LroTius  in  wlTudi 
the  truit  is  univcrs:illy  tleshy  an<l  acid, 
allhout/h  ot'ten  less  so  than  in  the  com- 
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m<m  kind  (b^rherit  milffarvt.)  Seme  of 
tho  species  nave  pinnated  leaves,  many 
are  evergreens,  and  several  have  a  black 
fhiit  *  even  the  common  sort  has  a  varietv 
of  this  description,  as  well  as  others  with 
pale  yellow  and  stoneless  fruit.  There  is 
an  idea  among  people  in  the  country,  that 
a  berberry  bush  brings  blight  to  a  wheat 
field:  but  the  parasitical  fungus  which 
attacks  the  berberry  is  altogetber  differ- 
ent from  that  which  produces  the  mildew 
of  wheat,  which  cannot  possibly  be  com- 
municated by  the  one  to  the  other.  It 
gives  a  yellow  dye  to  leather. 

BEKGAMOT.  ESSENCE  OF.  The  es- 
sential oil  of  tne  rind  of  a  small  pear- 
shaped  fruit,  the  produce  of  the  citrus 
Umetta  bergcanitun.  It  is  much  used  as  a 
perfume,  and  apt  to  be  adulterated  with 
the  oils  of  orange  and  lemon  peel,  and 
with  alcohol. 

BEVEL.  In  architecture,  an  instru- 
ment for  taking  angles.  One  side  of  a 
solid  body  is  said  to  be  bevelled  with  re- 
spect to  another  when  the  angle  con- 
tained between  their  two  sides  is  greater 
or  less  than  a  right  angle. 

BEVEL  ANGLE.  A  term  used  among 
artificers  to  denote  an  angle  which  is 
neither  a  right  angle  nor  half  a  right 
angle. 

BEVEL  GEER.  In  mechanics,  a  spe- 
cies of  wheelwork,  in  which  the  axles  of 
two  wheels  working  into  each  other  are 
neither  parallel  nor  perpendicular,  but 
inclined  to  one  another  in  a  certain  angle. 
Wheels  of  this  kind  are  also  called  coni- 
cal wheels,  because  their  teeth  may  be 
regarded  as  cut  in  the  frustrum  of  a 
cone. 

BILE.  A  fluid  secreted  in  the  liver, 
of  a  yellow  color,  and  a  nauseous  taste, 
compounded  ofsweet  and  bitter;  it  sinks 
in  water,  and  mixes  with  it  in  all  pro- 
portions ;  it  is  slightly  alkaline,  and  reels 
soapy.  It  contains  a  peculiar  bitter  prin- 
ciple, which  has  been  called  picromel, 
and  a  little  free  soda  and  saline  matters. 
According  to  Berzelius,  the  solid  con- 
stituents of  bile  amount  to  about  one- 
tenth  of  its  weight. 

Modern  chemistry  regards  bile  as  a 
9oda  »oap^  and  on  this  account  ox  gall  or 
bile  is  used  by  water-color  painters  and 
scourers  of  doth,  but  it  requires  to  be 
freed  from  its  green  color :  this  is  accom- 
plished by  letting  it  settle,  and  then  eva- 
poratiner  it  in  a  water  bath  to  thicknoas, 
and  lettinsr  it  dry  into  thin  cakes.  A  little 
alum  added  to  a  solution  of  gall,  removes 
the  color  after  lying  together  for  three 
months.    Prepared  gall  gives  solidity  to 


colors  and  paints,  either  by  being  mixed 
with  them,  or  passed  over  them  on  pa- 
paper.  Mixed  with  gum  it  thickens  the 
colors,  prevents  the  gum  cracking  and 
the  colors  fVom  running  into  each  other. 
It  heightens  the  tint  of  carmine,  ultra- 
marine, green,  and  the  most  delicate  co- 
lors, and  spreads  them  smoothly  on 
ivoiy  and  paper.  Coated  over  black  lead 
or  crayon  drawing,  it  keeps  them  from 
being  rubbed  off;  removes  grease  spots 
from  ivory,  paper^  and  doth ;  and  a  small 
portion  added  to  ink,  renders  it  fluid. 

BINNACLE.  The  case  or  stand  in 
which  the  steering  compass  is  placed ;  it 
is  fixed  near  the  tiller  or  wheel.  At  night 
the  compass  is  illuminated  by  a  lamp 
placed  over  it. 

BINOCLE,  or  BINOCULAR  TELE- 
SCOPE. A  telescope  to  which  both  eyes 
may  be  applied  at  once,  and  in  which, 
consequently,  an  object  may  be  observea 
with  both  eyes  at  the  same  time. 

BIRDLIME.  A  glutinous  substance 
extracted  by  boiling  the  bark  of  the  holly 
tree :  a  similar  substance  may  be  obtain- 
ed from  misletoe,  from  the  young  shoots 
of  elder,  and  some  other  plants.  It  is 
much  used  in  India  for  destroying  in- 
sects. It  contains  resin,  mucilage,  free 
acid,  and  coloring  matter. 

BISCUIT.  In  sculpture,  a  species  of 
porcelain,  of  which  groups  and  ngures  in 
miniature  are  formed,  which  are  twice 
passed  through  the  furnace  or  oven.  It 
13  executed  without  glaze  upon  it.  In 
pottery,  this  terra  is  applied  to  earthen- 
ware and  porcelain,  after  it  has  been 
hardened  in  the  fire,  and  before  it  re- 
ceives the  glaze :  in  this  state  it  is  per- 
meable to  water.  On  which  account  it  is 
now  largely  used  as  porous  cells  for  elec- 
trotype purposes. 

Biscuit.  An  unfermented  bread, 
which,  when  well  prepared,  may  be  kept 
for  a  long  time ;  and  nence  valuable  as  a 
common  form  of  bread  at  sea.-  In  Eng- 
land, the  sea  biscuit  manufacture  by  hand 
for  government-contract  has  been  snb- 
pended  by  the  machinery  invented  by 
T.  T.  Grant,  K«*n.,  of  the  Royul  Clarence 
yard,  wliieh  is  tnis  :  the  meal  or  flour  is 
conveyed  into  a  hollow  cylinder  four  or 
five  feet  long  and  about  three  feet  in  dia- 
meter, and  the  water,  the  quantity  of 
which  is  regulated  by  a  gaujre,  is  ad- 
mitted to  it;  a  shaft,  armed  with  long 
knives,  works  rapidly  round  in  the  cylin- 
der with  sucli  nBtonishiiig:  effect,  that  in 
the  short  space  of  three  minutes,  B40  lbs. 
of  dough  are  produced,  infinitely  better 
made  than  that  mixed  by  the  naked  arms 
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of  a  man.    The  dongh  is  removed  from 
the  cylinder  and  placed  under  the  break- 
ing-rollers ;  the^e  latter,  which  perform 
the  office  of  kneading,  are  two  m  num- 
ber, and  weifirh  15  cwt.  each ;  they  are 
rolled  to  and  tro  over  the  surtace  of  the 
dough  by  means  of  machinery,  and  in 
flvo  minutes  the  dongh  is  perfectly  knead- 
ed.   The  sheet  of  dough,  which  Is  about 
two  inches  thick,  is  then  cut  into  pieces 
half  a  yard  square,  which  pass  under  a 
second  set  of  rollers,  by  which  each  piece 
is  extended  to  the  size  of  six  feet  by  tiiree, 
and  reduced  to  the  proper  thickness  for 
biscuits.    The  sheet  ot  dough  is  now  to 
be  cut  up  into  biscuits,  and  no  part  of 
the  operation  is  more  beautiful  tlian  the 
mode  bv  which  it  is  accomplished.     The 
dough  IS  brought  under  a  btaniping  or 
cutting-out  press,  similar  in  effect,  but 
not  in  detail,  to  that  by  which  circular 
pieces  for  coins  are  cut  out  of  a  sheet  of 
metal.     A  series  of  sharp  knives  are  so 
arranged  that,  by  one  movement,  tliey 
cut  out  of  a  piece  of  doujrh  a  yard  square 
alx>ut  sixty  hexagonal  biscuits.     Tiie  rea- 
son for  aliexagonal  (six-sided)  shape  is, 
that  not  a  particle  of  waste  is  thereby 
occasioned,  as  the  sides  of  the  hexnponals 
accurately  fit  into  those  of  the  adjoining 
biscuits ;  whereas  circular  pieces  cut  out 
of  a  large  surface   always  leave   vacant 
spaces  between.     That  a  flat  sheet  can  be 
divided  into   hexagonal   pieces   without 
any  waste  of  material  is  obvious. 

'Each  biscuit  is  stunii»ed  with  the 
queen's  mark,  as  well  :is  piuu-fun-d  with 
holes,  bv  the  same  iiiovrnient  \vliich  cuts 
it  out  ol  the  piece  of  douL'h.  The  hexa- 
gonal cutters  do  not  sever  tlie  biscuits 
conipleteiy  asunder;  so  that  a  whole 
sheet  of  them  can  be  put  into  the  oven 
at  once  on  a  lurLre  ]»<'el  or  ?*liovel  adapted 
for  tho  j-.urpo>e.  About  tittcen  iuinut«s 
are  sutficicnt  to  bake  thcTn ;  tliev  arc 
then  withdrawn  and  broken  asunder  by 
the  luuul. 

The  corn  for  the  biscuit-^  is  purchased 
at  the  nuirkets,  aii<l  clcaiud.  trpniud,  and 
dressed  at  the  ^ovcrniuciit  mills.  In 
quality  it  is  a  mixture  of  tine  tl<>ur  and 
middlinirs,  the  bran  and  poIlar«l  heim: 
removed.  The  (tvciis  for  hakim;  arc 
formed  (»f  fire-brick  and  tile,  with  an  area 
of  about  \*]o  iVi't.  About  ll'J  lbs.  weiL'ht 
of  biscuits  arc  put  into  the  ovens  at  once. 
This  is  called  a  suit,  and  is  reduced  to 
about  no  lbs.  by  the  bakiiiL'.  Fro?n 
twelve  to  sixteen  suits  cnii  be  baked  in 
each  oven  every  day,  or  al'tcr  the  rate  of 
2-J4  lbs.  per  hour."  The  men  en:/aecd 
are  dressed   in  clean   check   sliirts   and 


white  linen  trowsers,  apron,  aud  cap; 
and  every  endeavor  is  made  to  observe 
the  most  scrupulous  cleanliness :  4o0  Iba. 
of  dough  may  be  mixed  by  tho  machine 
in  four  minutes,  and  kneacled  in  five  or 
six  minutes;  we  need  hardly  say  how 
much  quicker  tliis  it»  than  men^s  hands 
could  etfect  it.  The  biscuits  are  cut  out 
and  stamped  sixty  at  a  time,  instead  ol 
singly  :  besides  the  time  thus  saved,  the 
biscuits  become  more  equally  baked,  by 
the  oven  being  more  speedily  filled.  The 
nine  ovens  at  Gosport  used  to  employ  45 
men  to  produce  about  1,50<)  lbs.  of  bis- 
cuit per  hour  •  16  men  and  boys  will 
now  produ.'c,  by  the  same  number  of 
ovens,  2,240  lbs.  of  biscuit  (one  ton)  per 
hour. 

The  comparative  expense  is  thus  stat- 
ed :  Under  the  old  system,  wag-es,  and 
wear  and  tear  of  utensils,  cost  about  1*.  6d, 
per  cwt.  of  biscuit ;  under  the  new  sys- 
tem, the  cost  is  .W.  British  moncv. 

BISMUTH.  A  brittle,  yellowish-white 
metal,  of  crystalline  texture.  Its  sj^ecifio 
gravity  is  10;  it  fuses  at  476°,  and  at  a 
red  heat  it  sublimes  in  close  vessels.  It 
conducts  heat  less  perfectly  than  most  of 
the  other  metals.  When  stroncrly  heat- 
ed it  burns  with  a  bluish  white  flame, 
and  is  rapidly  oxidized.  Its  equivalent 
upon  the  hydroszen  scale  is  71  ;  and  it 
forms  only  one  saliflable  oxi<lo,  the  equi- 
valent of  which  is  70.  AVhcn  nitrate  of 
bis!iuith  is  droj)pcd  into  water,  a  white 
powder  is  thrown  down,  formerly  called 
imttfisffr//  nj  hism^ith  or  /'<v//7  nhit*: :  it  is 
a  subnitratc.  This  is  used  as  a  cosmetic. 
A  brown  ptmruh  of  JitsmtitJi  is  obtained 
by  fu>inir  the  pmtovidc  with  caustic 
jiotnsh.  Some  of  tlie  alloys  of  bismuth 
arc  remarkable  !<>r  their  fusibility:  a 
coiu]'Ouii<l  of  s  jnrts  of  ])isnHith,  5  ot 
lead,  and  3  <»f  tin.  melts  in  Vioiliuir  water, 
and  is  commonly  called  t'ltsihh  imtnl. 
The  ores  ot"  lu»muth  are  not  <'oiinnon  ; 
but  it  occurs  imtiii,  and  c"mliin,.d  with 
oWLfen.  sulphur,  and  ar>cnic.  The  Ger- 
man«<  e;i!l  it  ir>ytn"th. 

l>i>muth,  allo\  rcl  with  h'ad  and  tin.  has 
bce!i  used  as  the  j>atciit  safety  plii-j'  in 
steam  boilers  to  fjuiird  a'_Minst  e\j'!o>i(.ii. 
It  was  -^llJl!losl'd  that  at  a  liiLdi  tempera- 
ture, the  alloy  would  inelt  and  a]l<»w  tlitj 
steam  to  blow  itselt"  out.  Tbis  has  not 
be<'n  foujid  the  case,  tor  this  alloy,  when 
eXj'osed  a  loiii;  time  to  the  action  of 
stt'am.  nnderL''ocs  w  process  of  eliaiiirc  by 
which  the  ni"?*e  fu-'ib'e  alloy  is  melted 
out.  and  what  remains  is  so  bard  iis  not 
to  I'n-e:  af'er  tiic  c'Nj'!o>'i«'«n  of  boilers, 
these  }>lu(rs  liave  been  lound  r.nuielted. 
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Fusxblo  metal  has  \}een  naed  for  casts 
for  anatomical  preparations,  casts  ft-om 
medals,  and  even  the  surfaces  of  wood 
and  paper.  Cake  moulds  for  toilet  soap 
manufacture,  are  made  of  this  metal. 

BITTERN.  The  mother  liquor  or  im- 
cr>'stallized  residuum  of  tali  iooris.  bo 
called  on  account  of  its  bitter  taste.  Cnlo- 
ride  of  ma^esium  and  sulphate  of  nug- 
ne^ia,  are  its  chief  ingredients. 

BLACK  LEAD.    0S<5tf  Plumbago.) 

BLACK  PIGMENT.  A  fine  lamp- 
black, obtained  in  ^larland  by  bumin)?  a 
thick  jet  of  coal  g^  with  a  small  quantity 
of  air.  by  which  its  carbon  is  deposited 
very  nne.  In  this  oountrv  it  is  made  by 
the  combustion  of  oil  and  of  rosin,  car- 
ried on  incompletely.  This  fine  and  lifjrht 
black  is  used  in  the  manufacture  of  the 
better  quality  of  printing  ink. 

BLAuKII^G.  An  article  prepared  in 
various  ways  for  polishing  shoes  and 
boots.  Each  manufacturer  has  his  own 
recipe,  in  which  ivoiy  black  or  some 
other  black  color,  oil,  and  vinegar,  with 
molasses,  are  the  principal  ingredients. 
The  following  is  the  mode  of  making  the 
waterproof  or  India-rubber  blacking : 

18  ounces  of  caoutchouc  are  to  be  dis- 
solved in  about  9  pounds  of  hot  rape  oil. 
To  this  solution  60  pounds  of  flne  ivory 
black  and  45  pounds  of  molasses  are  to 
be  added,  along  with  1  jwnnd  of  finely- 
ground  ffum  arubic,  previously  dissolved 
in  20  crollons  of  vinegar,  of  strength  No. 
24.  The.se  mixed  ingredients  are  to  be 
finely  triturated  in  a  paint-mill  till  the 
mixture  becomes  perfectly  smooth.  To 
this  varnish  12  pounds  of  sulphuric  acid 
are  to  be  now  adilcd  in  small  successive 
quantities,  with  |)Owerful  stirring  for  half 
an  hour.  The  blacking  thus  compounded 
is  allowed  to  stand  for  fourteen  days,  it 
iH-ing  stirred  half  an  hour  daily ;  at  the 
end  of  which  time,  8  pounds  of  flnclv 
ground  gum  onibic  are  added,  after  which 
tlic  htirriiig  is  repeated  half  an  hour  every 
day  for  fourteen  days  lonjrer,  when  the 
lionid  blackina:  is  ready  for  use. 

in  mukincr  the  paste  bluckincr,  the  above 
quantity  of  India-rubber,  oil,  ivory  black, 
niolassi-s,  and  gum  arable,  may  be  used, 
the  latter  being  dissolved  in  only  12 
I>oundH  of  vinegar.  These  ingredients 
are  to  be  well  mixed,  and  then  ground 
t^Vfther  in  a  mill  till  they  form  a  perfectly 
•»nio<»th  paste.  To  this* paste  12  pounds 
of  sulphuric  acid  are  to  bo  added  in 
small  quantities  at  a  time,  with  powerful 
'tirriiiL',  which  is  to  be  continued  for 
half  an  hour  after  the  la^t  portion  of  the 
ttcid   lixis   been   introduced.    Tliia   paste 


will  be  found  fit  for  use  in  about  seven 
davs. 
bL A  NKET.    (See  Woollens.) 
BLAST  FURNACE.    {iSee  Iron.) 
BLEACHING.    The  art  of  depriving 
stuffs  and  goods  of  the  coloring  matters 
contained  within  their  texture,  whether 
natural  or  artificial. 

TfVhen  calico,  muslin,  or  other  cotton 
fabrics  have  been  spun  and  woven,  they 
generally  pass  into  one  or  other  of  these 
establishments  beibre  being  brought  to 
market.  If  they  are  to  be  sold  m  the 
white  state,  they  require  Ueaching  ;  if  in 
a  colored  state,  they  require  dyeing  ;  if  in 
a  decorated  or  ornamented  state,  they  re- 
quire printing ;  and  hence  it  arises  that 
there  are  in  one  establishment  or  congre- 
gated together,  Ueaeh-wftrkt^  dye-tporJr^j 
and  print-work*.  As,  however,  a  well- 
printed  piece  of  cotton  requires  to  be 
bleached  and  dyed  as  well  ns  printed, 
the  print-works  have,  in  most  cases,  the 
means  for  carrying  on  the  bleach iuir  and 
dyeing  as  well  as  the  printing  processes; 
and  there  are  thus  facilities  for  witness- 
ing all  three  openitions  in  one  establish- 
ment. Most  of  these  works  are  situated 
in  the  valleys  (when  not  worked  by 
steam-power),  in  order  to  have  a  supply 
of  water  from  the  streams  which  flow 
through  them. 

Bleachintr  is  now  a  verv  different  pro- 
cess from  what  it  was  in  tlie  last  century. 
At  that  time  it  required  a  period  of 
several  months  to  blexich  a  piece  of  cloth, 
and  this,  too,  only  in  the  sunnner  time. 
In  some  cases  the  cloth  was  sent  in  tlie 
spring  of  the  year  to  Holland,  to  be 
bleached  on  the  level  grassy  plains  of 
that  country,  and  returned  in  the  au- 
tumn ;  wliilc  in  other  cases,  when  bleach- 
ed in  the  English  fields,  there  was  so 
much  depredation  as  to  lead  to  an  unhap- 
py system  of  severe  laws  and  general 
distrust.  Chemists  were  thence  led  to 
inquire  whether  means  mitrht  not  bo 
adopted  more  expeditious  tlian  that  of 
I  exposure  to  the  open  air  of  a  Vjleaoli- 
ground.  Home,  Sciieele,  Bertliollct,  and 
'  Henry,  made  successive  steps  in  this 
direction,  and  paved  the  way  for  the  in- 
troduction of  the  use  of  W/>//«')//«/7-/><w/^'*, 
1  by  Mr.  Tennant,  about  the  year  l^oo. 
'  From  that  date  the  present  most  efficient 
'  svstem  of  bleachintr  has  been  followed  in 
tfie  great  works  of  the  north,  modified 
occasionally  in  the  minor  tletails. 

Most  larL'C  bleach-works  cxliiltit  a  con- 
siderable niii'jc  of  huildintrs,  (•onii»ri'-in<; 
ixcrtift  or  IjiiMich-lionsc,  a  dyc-lioiwr,  rc- 
servoirs  and  water-tilt ors,  and  subsidiary 
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buildings.  Tlie  supply  of  water  required 
in  bleaching  and  dyeing  is  enormous, 
and  extensive  arrangements  are  necessary 
for  the  Altering  of  the  water  before  using, 
since  the  success  of  the  process  very 
much  depends  on  the  purtiv  of  the  water. 

Matters  are  then  ready  lor  the  bleach- 
ing process.  The  croft  (so  named  proba- 
bly oecause  it  renders  the  same  service 
as  the  croft  or  bleachinfir-ground  under 
the  old  system),  is  geuer^ly  a  large  stone- 
floored  building,  filled  with  coppers  and 
vessels  of  various  kinds,  abundantly  sup- 
plied with  water,  and  not  often  free  from 
clouds  of  steam.  Here  successive  wash- 
ings, boilings,  and  steepings  bring  the 
cotton  to  a  white  state.  In  the  first 
place  the  singed  cloth,  which  has  ac- 
onired  a  kind  of  nankeen  colour,  is  fur- 
wier  sewn  up,  until  five  huiulred  pieces 
are  connected  together,  end  to  end ;  that 
is,  there  Are  500  X  28  =  U,UO0  yards,  or 
eight  miles  of  cloth  in  one  continuous 
piece.  This  enormous  piece  pns^ses  into 
a  washin^f-fnrfine^  to  cleanse  it  from  the 
*'dressing^' or  mucilage  which  tiic  woaver 
had  introduced  into  his  wurj).  The  en- 
gine contains  anal)un(lnnt  and  con;*tantlv 
renewing  supply  of  watt^r;  and  tlic  doili 
is  wound  spirally  round  a  kind  of  U-am 
above  it,  hangint;  in  the  water  in  a  suc- 
cession of  bonds  or  curvatures.  The 
cloth  travels  onwards,  and  in  so  dojuij 
passes  twenty  times  tliruugii  the  water 
Dcncnth,  every  ]»art  of  it  asivudiuL'  and 
descendiiis?  twenty  tinios  bctore  it  Ujinls 
tlie  machine.  About  two  huTubcd  and 
fiftv  yards  are  thus  \va>lied  jn-r  iiiiTiutc  ; 
and  the  j>asio  whi<-h  is  washed  iVuiu  liie 
cloth  is  carried  away  by  a  I'ipe. 

As  thi-  eh'Th  havLS  the  \vasirmf:-ina- 
cliine,  it  is  takeii  by  f>ne  or  two  int-n  an<l 
foMed  l)a<'Uwar<l  and  forward  till  tht' 
whole  coiinefted  ]>ie«v  t'orius  a  cube  of 
five  (>r  six  teet.  From  this  ]io:ip  it  is 
atfiiin  reino\ed  to  uiidorLTo  the  process  of 
*' litninLT.''  The  eloth  parses  into  a  kind 
of  boiUr  called  a  '' keir,"'  where  it  is  ex- 
po>cd  tor  eiirlit  or  ten  hour-*  to  the  a<ti««n 
(>!'  a  solutiuii  i>t'  liiiie.  4o  jh-i.  dt"  liiiM-  bcin^' 
used  Ibr  the  v\\i\\i  miles  ol"  eloth.  In  this 
keir  or  vessel  the  hot  liipior  is  ])r(.)Uirlit 
up  a  central  tube  iti  sueh  a  manner.  th;it. 
lieiriiT  eeh"»-d  or  rt-thMtetl  tVom  a  eoiicuve 
Hurfaoe  above,  it  falls  dr>wn  on  the  cloth 
in  a  profuse  shower,  \\\\\>  actiuLT  ei|ually 
c»n  tlie  whole  oj'  tlu'  eloth.     The  elotli  is 

next  Slllijeeted  to  a  <eeoJi<l  wa^hinLT.  to  re- 
move the  lime  whieli  ma\  be  ntaiui'd  i>y 
its    tlbres.      Then    en~lle>    the    J>I"o.(<s    of 

"  grey  -^ourin.',"'  in  whieh  the  elotji  |>a^>e> 
throui^h  a  inaehine  similar  to  the  wa-h- 


ing-machincj  but  oontaining  very  dilute 
sulphuric  acid  instead  of  water;  and  af- 
ter this  there  is  a  third  washing  in  the 
machine,  to  remove  all  the  adherent  acid. 
After  this  comes  the  "first  ashing." 
Twentv-four  miles  of  cloth  (the  real  ex- 
tent of  these  operations,  as  conducted  at 
the  present  day  in  laiye  establishments, 
will  be  better  appreciated  thus  than  by 
speaking  of  loOO  pieces),  are  put  into  a 
keir,  or  cast-iron  boiler,  and  exposed  for 
sixteen  hours  to  the  action  of  a  boiling- 
hot  solution  of  soda:  this  constitutes  the 
"ashing."  Then  for  a  fourth  time  the 
cloth  is  washed,  preparatory  to  the  pro- 
cess named  "  chemicking."  A  weak  so- 
lution of  blenching-powdcr,  or  cliloride  of 
lime,  is  put  into  a  machine  something 
like  the  washing-machine,  and  the  cloth 
is  ])assed  through  it.  Af\cr  lying  wet  in 
the  heap  for  si.x  or  eight  honrs.  to  allow 
the  "chemick"  to  act  on  the  nbres,  the 
cloth  goes  throuijh  the  process  of  "  se- 
cond sourinu'"  in  weak  sulphuric  acid, 
somewhat  as  before.  It  is  tnen  washed 
for  a  tit'tli  time  in  the  machine,  to  which 
s\iceceds  the  "second  ashing;"  then  a 
sixth  washing,  then  a  "second  chemick- 
inir,"  tln-n  a  "third  souriiiir,"  and  thenu 
Seventh  washing.  It  will  thus  be  seen 
tliat  there  is  a  succession  of  processes 
followini.'"  ill  a  certain  order;  the  three 
a^'cnts. — ■'nlphuricaeid,  soda,  aiul  bleaeh- 
in«r-|'owder, — beini,'  separately  applied, 
each  more  than  once,  and  the  cloth  oeim; 
washed  in  clean  water  after  every  such 
aj'iilieation.  So  powerful  is  the  bleach- 
irii^-iitrcnt,  that  7  lbs.  of  chloride  of  lime 
are   sai<l    to   sulliee  lor  the  l)lcaebiiiir  of 

I  r>oo  j.ieees  ot'  eloth.  The  machines  here 
des,  rilu.l  are  a  late  improvement:  for 
until    reeently  tlie    eloth  was    dijiped  in 

I  tanks  to  be  "sonreir'and  "  <-hemieked,'' 
and  thence  iiauled  up  by  poles. 

After  a  process  of  •^lot-waterin?"  and 
Stjuec/in'j",  the  cloth  leaves  the  crol^,  and 

j  ]>asscs  into  a  room  where  boys  and  irirls 

I  rif»  or  jiiek  the  j-ieces  asunder,  .•♦o  tliat 
each  piece  ot'tweiitv-eiL'ht  vart.ls  l>eeomes 
aijain  sej.aratid  from  the  others.  F^ieli 
piei'c  is  I'olded  into  a  Hat  s.juare  ma-s, 
and  mr-n  in-at  these  masses   airaiu'^t   the 

I  ediTi-  of  n  stoiie  in  a  peculiar  manner,  tor 
the  I'uri'o-e  of  remo\  imr  creases  from  the 
cloth.  The  ('Irtth  is  then  hun.ir  up  on 
wooden  bar-  in  a  dr\  iiiL'-room.  whieh  i.s 
heated  to  !i  hijh  tempemture  by  steam- 
pi]  e<  Hear  the  lloor.  t  inallv.  the  bK-ached 
•  joili,  which  now  jiresents  a  whitenos  of 
the  utmo-t  jiurity,  is  Itrouirht  into  the 
Wiirehoiiv,.,  -ojird,  and  tied  up  into  par- 
eeU  I'l'  ten  ]'iecos  each. 
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Such  is  a  brief  Bket«h  of  the  process  of 
bleaching  cotton ;  and  whether  we  notice 
it  in  connexion  with  dyeing  and  printing, 
or  take  the  instance  of  a  bleachery  inde- 
pendent of  them,  the  preceding  details 
will  equally  serve  to  convey  a  general 
idea  oi  this  important  process. 

The  colour  of  manufactured  wool  de- 
pends nartly  upon  its  own  oil,  and  partly 
upon  tne  applications  made  to  it  in  the 
loom.  These  are  got  rid  of  in  the  fulling 
mill  by  the  joint  action  of  fullers'  earth 
and  soap ;  the  cloth  is  then  well  washed 
and  dried,  and  is  tolerably  white ;  if  the 
slight  yellow  tint  which  it  retains  is  ob- 
jectionable, it  is  prevented  bj  adding  a 
little  stone-blue  to  the  washing  water,  or 
by  exposure  to  the  fumes  of  burning  sul- 
phur ;  this  latter  method,  however,  gives 
It  a  harsh  feel,  and  if  afterwards  soaped, 
its  vellowishness  returns. 

'the  colour  of  raw  silk  depends  upon  a 
natural  yellow  varnish,  which  is  got  rid 
of  by  boiling  it  in  white  soap  and  water, 
and  by  repeated  rincings.  Certain  arti 
"^es  of  wove  cotton,  such  as  stockings, 
tfe  bleached  as  usual,  and  finished  by  the 
action  of  sulphurous  acidy  or  the  fumes 
of  burning  sulphur.  Straw  is  also  whiten- 
ed by  a  similar  operation;  and  hence 
bleached  straw  hats  are  apt  to  have  a  dis- 
agreeable sulphurous  smell. 

BLEACHING  POWDER.  Chloride 
of  lime,  made  by  exposing  slaked  lime  to 
the  action  of  chlorine.  The  best  samples 
do  not  contain  more  than  80  per  cent,  of 
chlorine;  it  varies  greatly  in  strength. 
Professor  Graham's  test  is  simple  in 
practice,  and  depends  on  the  ctfect  of  the 
chlorine  of  the  oleaching  powder  in  per- 
oxidizini^  the  proto-solt  ofiron,  of  which 
two  equivalents  require  one  of  chlorine. 
The  chlorine  acts  by  decomposing  wator, 
and  liberating  a  corresponding  quantity 
of  oxvu'en. 

BLENDE.     Native  sulphuret  of  zinc. 

BLOCK.  (Teutonic.)  in  architecture, 
a  large  nnworked  mass  of  marble  or  other 
stone.  It  is  also  vulgarly  used  to  denote 
a  modillion  in  a  cornice. 

Bi»oK.  In  navigation,  the  case  that 
contains  the  wheel  or  nhfev^  of  the  pulley 
(which  last  term  is  not  used  at  sea.)  Two 
or  more  blocks,  with  the  rope,  constitute 
a  Uii'kU'  (pronounced  tide.)  Blocks  are 
alno  the  pieces  of  wood  and  iron  on  which, 
piled  up,  the  ship's  keel  is  supported 
when  she  is  in  doc-k. 

BLOCK  TIN.  Tin  cast  into  blocks  or 
ingots.  It  is  generally  less  pure  than 
grain  tin. 

BLOOD.    The  fluid  which  circulates 


in  the  heart  and  blood-vessels.  When 
viewed  under  the  microscope  it  appears 
to  consist  of  very  minute  rtui  gloimUs^  or 
spheroids,  floating  in  a  colourless  fluid. 
The  average  quantity  in  an  adult  man  is 
estimated  at  about  28  lbs. ;  it  is  of  two 
distinct  colours  in  the  arterial  and  venous 
systems, — ^florid  red  approachinja:  to  scar- 
let in  the  former,  and  dark  crimson  in 
the  latter.  Its  specific  gravity  is  between 
I'OoO  and  1*070.  When  drawn  from  its 
vessels  it  gelatinizes  or  coagulates  in  the 
course  of  a  few  minutes  of  common  tem- 
perature, and  soon  separates  spontane- 
ously into  geruffi  and  coofrulvm.  The 
serum  is  a  yellowish  soapy-feeling  fluid, 
of  the  specific  gravity  of  about  l-OSO.  It 
exhibits  a  slight  all^aline  reaction  upon 
test  papers;  when  heated  it  becomes 
opaque,  and  at  156°  it  coagulates.  It  is 
also  coagulated  bjr  alcohol,  uud  by  most 
of  the  acids ;  acetic  acid  ar.d  ether  do  not 
coagulate  it;  solutions  ot  corrosive  sub- 
limate, of  subacetate  of  lead,  and  of  chlo- 
ride platinum,  on«wion  precipitates  in  it, 
even  when  considerably  diluted  with  wa- 
ter. These  properties'  of  serum  are  de- 
pendent upon  tne  presence  of  a  j>ecnliar 
proximate  animal  principle  called  aU/u- 
men :  the  same  substance,  and  with  very 
nearly  the  same  properties,  constitutes 
the  ic?iite  of  f//^,  the  coagulability  of 
which  by  lieat  is  well  known.  Besides 
the  above  there  is  another  most  delicate 
test  of  albumen  in  solution,  which  con- 
sists in  adding  to  the  liquid  suspected  to 
contain  it  a  little  strong  acetic  acid,  and 
afterwards  a  few  dro]>s  of  ferrocyaiwte  of 
potuhh.  If  albumen  be  present,  a  white 
cloud  is  produced.  This  is  oven  a  more 
accurate  test  than  corrosive  sublimate. 
White  of  ciffy  is  coagulated  by  ether, 
while  serum  is  not.  According  to  Mar- 
cet,  looo  parts  of  scnim  of  human  blood 
arc  com})osed  of  water  yoo,  albumen,  »«)-S, 
muriates  of  potassa  and  soda  6*»),  muco- 
extractive  4,  carbonate  of  soda  1  •«»'>,  sul- 
phate of  potassa  0*3o,  earth  phos])hatc8 
0-GO. 

The  coagulum  of  the  blood  is  ofa  more 
or  less  firm  texture,  and  has  a  jrrf-atcr 
specitic  gravity  than  the  serum.  It  con- 
tains the  coloring  particles  of  the  blood  ; 
and  when  carefully  washed,  tliosc  arc 
carried  out  of  it,  and  a  tenacious  wliitish 
matter  remains,  which  has  been  tcriiu*<l 
JiftrifU-,  but  which,  in  all  essential  points, 
linH  the  pronci'tirs  of  ccairulated  nlbiniicn. 

Thocolorinir  matter  of  t  Ik-  \\\<mh\Jhi  tnn^ 
tofin*',  may  be  obtained  by  «'Va]M»ratini; 
its  aqueous  solution  at  a  temperature  be- 
low lOo"^;  it  then  appears  almost  black, 
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bat  resumes  ite  red  color  when  dissolved 
in  wiiter.  It  i»  uoluble  in  acids  and  in 
alkalies.  These  solutions  are  dark-color- 
ed ;  but  when  mixed,  so  as  to  become 
neutral^  the  hsematosine  falls  of  a  bright 
red  color.  Accordingly,  when  the  clot  of 
blood  is  put  into  acids  it  becomes  brown 
or  blackish,  and  is  very  similarly  disco- 
lored by  alkalies ;  but  most  neutral  salts 
render  it  florid. 

The  chief  use  of  blood  is  aa  a  manure 
made  into  a  compost  of  50  gallons  of 
blood  with  a  quarter  of  peat-ashes  and 
charcoal  powder;  on  light  soils,  48  bush- 
els have  Dcen  laid  on  each  acre,  or  half  a 
hundred  weight  with  twelve  tons  of  fann 
dung.  It  is  now  rarely  used  in  sugar  re- 
fining. It  is  used  to  make  aniinuf  char- 
coal m  Prussian  blue  works,  and  also  in 
some  Turkev-red  dve  works. 

BLUVV-PlPE.  An  instrument  for  di- 
recting a  small  jet  of  air  laterally  into  the 
flame  of  a  caucUe  or  lamp,  so  that  a  por- 
tion of  the  flame  is  formed  into  a  long 
slender  cone  in  the  direction  of  the  jet, 
the  heat  of  which  increases  towards  the 
end  of  the  cone,  and  ut  the  point  is  most 
inletise.  A  common  flame  thus  becomes 
a  sn  tUI  furnace  :  so  that  a  sjn:ill  piece  of 
any  substance  may  be  subjected  to  a  hiirlj 
temperature  almost  instantly,  and  fused. 
It  is  much  used  in  solderinir  bv  the  jewfl- 
'«r.  goldsnnth,  and  workers  in  tine  uie- 
lal ;  by  the  glass-blower  and  the  enamel- 
ler.  In  the  hands  of  the  analytic  oiiL'mist 
it  is  an  invaluable  iiistrunieiit.  The 
mouth  blow-pij»e  is  asinull  tiibi-  taperiiii: 
firraduully  to  a  tine  point,  havins^'  a  sinuU 
bulb  iiitenuediate,  not  far  from  the  lino 
jet.  The  latter  blow-piju.'  ir*  blown  wiiii 
a  l>ello\vs  instead  of  the  month. 

BLlliHKK.  The  crilular  membrane 
in  which  the  oil  or  tat  of  the  whalr  is  in- 
cluded. Its  thic'kiu'ss  \arifs  tVom  eiirht 
to  twenty  inches,  and  yioMs  as  tnuch  fre- 
quently as  lotj  toiiH  of  (mI  from  a  full- 
grown  whale.  It  is  i:ontrally  broULrht 
home  from  the  tishinLr-uroiui'l  paekt-d  in 
osks.  The  oil  is  drained  ont  of  the 
blubber  by  ])lacin'jr  the  latter  cut  up  on 
racks,  throuirli  whicli  the  oil  drips  down 
into  e:i>ks.  It  is  then  heated  \ip  to  'J'2;)°, 
to  di'prive  it  of  its  rainid  smell,  imd  also 
to  make  the  Lfro.->er  |>:iri>  settle.  Theoii 
is  then  jiumped  over  with  cool  water,  left 
to  cool,  and  finally  stored  in  e;isks. 

BOATS— LiKK-lio\r-<.  Since  tlu- exten- 
sive aj>|>lication  of  india-rubber  a!id  \i\n- 
t  I  perelia  t<i  useful  jinrno^e-,  the^e  su^«- 
Ht:inci-s  ha\e  been  cm) >lo\cd  u  it h  nnich 
succe-s  in  the  co!i>Titiiti"n  of  life-bttaU 
and  buoys.     (^.S<f  LiKt  Br.Aj. ) 


BOMBAZINE.  A  fabric,  the  warp  of 
which  is  silk  and  the  wetl  worsted.  It 
It  is  chiefly  made  in  black,  and  is  an  ar- 
ticle of  mourning  for  female  dress. 

BOLE.  An  earthy  mineral ;  a  hydratcd 
silicate  of  alumina,  resembling  soapstone. 
AVhen  put  in  water  it  absorbs  it,  and  falls 
to  pieces.  Armenian  bole  is  used  as  an 
ingredient  of  tooth-powders,  and  it  also 
enters  into  the  composition  of  common 
red  paints. 

BONE.  An  important  organ  in  the 
hiffher  orders  of  animals,  forming  the 
solid  support  of  their  ftibric,  and  pro- 
tecting the  vital  organs,  such  as  the  brain 
and  the  heart  and  lungs,  from  external 
pressure  and  injury.  In  the  human  skele- 
ton there  are  commonlv  enumerated  260 
distinct  bones.  They,  bowever,  admit  of 
elassifleation  under  three  he^ids  :  namely, 
lontf  or  cf/linJrical  bones,  such  as  those  of 
the  extremities ;  hnKid  and  Jlat  bones, 
such  as  those  of  the  skull ;  and  shorty 
souare,  irretjnUir^  or  so'.UI  b  nes,  such  as 
tlic  vertebne,  and  those  o*  the  wrist  and 
insten.  and  tlie  j)atella  o»  knee-pan:  the 
tir.->t  nones  are  generally  filled  with  mar- 
row, and  are  admin.ble  specimens  of 
streiiirth  of  structure  .vith  the  least  TX>S8i- 
ble  weiifht.  The  bones  are  covered  bv  a 
membrane  cnllod  pfr/oMUum,  by  which 
the  ramitications  of  blood-vessels  and 
nerves  ]xiss  into  the  b(»ne.  In  the  growth 
of  a  bone,  the  u'elalinous  or  cartilaginous 
T>ortion,  a>  it  has  been  sometimes  called, 
is  first  formed,  and  the  earthy  or  imlur- 
atintr  jiart  is  at'terwards  deposited.  We 
are  indebted  to  Mr.  Ilatehett  for  our 
{)rinci].al  infortjiation  respectinif  the 
proxiinate  elietnieal  comnonents  of  Iv^ne. 
The  sot"t  parts  consist  oi  irelatiue  and  nl- 
bumen.  and  the  hard  ]»ortion  is  composed 
-■^f  pho^piiate  of  lime  and  carboiuite  of 
lime,  with  snuill  «juantities  of  cither  salts. 
The  animal  matter  of  bones  am<»unts  on 
an  a'.eniLre  to  about  half  their  weight,  or 
when  diied,  to  between  "io  and  40  /vr 
c*i»f.;  sothat  they  contain  a  larire  relative 
prop<^rtion  of  nutritive  matter.  The 
bones,  inchidini:  their  animal  matter,  are 
the  mo-t  durable  parts  of  the  animal  fa- 
bric: heni-«'  the  yu-opi»sal  of  storlnL' them 
up  as  r>c<-a-iomil  s<»ur<'es  of  nntriTuent ; 
tor  not  onlv  is  the  eartilaj"iiious  portion 
unimjiaired.  in  Ixinc  which  ha\e  been 
kept  dry  tor  maiiv  \e  irs,  but  it  has  even 
been  t<'ii!id  jicrl'ect  in  bones  of  api>areiitly 
aiiti-dilii\  ian  oii^rjn.  '{'he  bf^st  mode  of 
e\tr:irtiiiL.'  tlic  nut  riii'Mis  j..ivt  .>l  '»one  I'or 
hnni.iii  t''od  vMii-i^t^  in  L'rindiTiL'  it  fine, 
;iii.l  sii}iir<!in:_'  it  with  watirtoa  hcMt  <»f 
about   'J'J'."    in  a  digester ;  or  the   earthy 
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part  may  be  removted  by  dilnte  muriatic 
acid.  When  dogs  and  some  other  ani- 
mals devour  bones,  the  nutritive  part  is 
abstracted  b^  their  f^tric  juice,  and  the 
earthy  part  is  voided  in  their  excrement, 
forming  what  wae  formerly  called  album 
griBcum, 

^  Wlien  bones  are  submitted  to  destruc- 
tive distillation,  the  gelatine  and  albumen 
which  they  contain  is  abundantly  produc- 
tive of  ammonia  :  hence  a  copious  source 
of  that  alkali  and  its  compounds ;  the 
residue  is  a  mixture  of  the  earthy  part  of 
the  bone  with  charcoal,  commonly  termed 
ivory  or  htme  hlaek. 

BONE  DUST,  or  ground  bones,  has 
recently  been  used  with  the  best  etfect  as 
a  manure.  It  is  usually  applied  to  light 
or  turnip  soils,  which  it  has  rendered  in 
DO  ordinary  decree  productive.  It  is  an 
excellent  addition  to  grass  land,  and  its 
application  generally  is  too  much  neglect- 
ed in  this  country,  where  a  large  exporta- 
tion of  bones  to  England  occurs  yearly 
from  Boston.  The  agriculture  of  the  At- 
lantic States  requires  the  use  of  bones  as 
much  as  that  of  England  does. 

BONE  EABTH.  The  residue  of  bones 
which  have  been  calcined  so  as  to  destroy 
the  animal  matter  and  carbon,  and  become 
converted  into  a  white  porous  and  friable 
subntanoe,  composed  chieHv  of  phosphate 
of  lime.  According  to  feerzeliua,  100 
parts  of  human  bones  are  compoHcd  of 
51-04  phosphate  of  lime,  11-30  carbonate 
of  lime,  2  fluoride  of  calcium,  1-20  soda 
and  chloride  of  sodium,  1*16  phosphate 
of  magnesia,  and  83-80  animal  mutter. 
Albumen,  gelatine,  and  fat  cons^titute  the 
animflJ  part  of  bone,  the  greater  part  of 
which  remains  in  the  forin  of  a  tough 
cartilage  when  bones  are  steeped  in  dilute 
muriatic  acid. 

In  the  arts,  bones  are  employed  by  cut- 
lers, turners,  manufacturers  of  animal 
charcoal,  and  by  assay ers  for  making  cu- 
pels. 

BONE  BLACK  is  the  carbonaceous 
substance  which  remains  after  the  calcin- 
ation of  bones  in  close  vessels.  This 
kind  of  charcoal  has  two  applicjitions:  to 
deprive  syrups  and  other  solutions  of 
their  coloring  matters,  and  to  furnish  a 
bliiok  pigment.  (Sfe  Ivory  Black.)  In  the 
calcination  bones  lose  half  their  weijfht, 
and  the  resulting  charcoal  is  more  valuable 
wlien  the  bones  have  been  steamed  pre- 
viously, so  as  to  remove  fat  and  mem- 
brane.* It  is  after  beinjf  calcined,  ground 
in  a  mill,  ond  sifted.  In  the  calcina- 
tion volatile  inflammable  gases  and  oils 
are  given  otf, — ^the  latter  are  used  to  form 


lam^  black ;  at  the  dose  of  the  process 
muriate  of  ammonia  and  sulphate  of  soda,^ 
— the  latter  is  washed  out.  and  the  for- 
mer, which  is  a  valuable  salt,  is  sublimed. 

Bone  black  has  a  remarkable  attraction 
for  organic  coloring  matter;  this  varies 
with  the  heat  at  which  it  was  made :  if 
too  high,  it  becomes  glazed ;  if  too  low 
a  heat  was  employed,  the  albumen  of  the 
bone  is  not  destroved.  After  this  char- 
coal has  been  usea,  it  may  be  renovated 
by  heating  it  to  redness  in  a  furnace. 

BOOKBINDING.  There  are  several 
and  distinct  branches  of  this,  business, — 
plain  and  ornamental  bindinc^, — law  bind- 
ing,— blank  book  and  ledger  binding ;  the 
h.tter  is  a  department  in  itseltj  and  usually 
conducted  by  stationers. 

The  various  sizes  of  a  book  are  desig- 
nated by  the  number  of  leaves  in  which 
the  sheet  is  folded :  thus  folio  is  2  leaves ; 
ouarto,  4  leaves ;  octavo,  8  leaves ;  duo- 
decimo, 12  to  a  sheet ;  and  so  on  to  the 
smallest  sizes  of  24mo  and  82mo.  After 
the  sheets  of  a  book  have  been  folded, 
they  are  collated  by  the  numeral  or 
letter  placed  at  the  foot  of  the  first 
page  in  the  first  sheet,  in  order  to 
ascertain  that  the  work  is  perfect.  The 
next  process  is  that  of  pressing:  this 
is  done  in  a  h^dmulic  press.  The  back 
of  the  sheets  is  then  sawed  by  machine, 
after  which  the  sewing  process  com- 
mences. This  last  is  a  quick  operation, 
OS  a  girl  can  sew  three  tliousand  sheets 
a  day.  The  middle  of  the  sheets  are 
stitclied  w^ith  thread  to  the  upright  cords 
fastened  on  the  press ;  as  soon  as  one 
sheet  is  fastened  to  all  the  strings,  ano- 
ther is  laid  down  on  it,  and  fastened  in 
a  similar  manner.  India-rubber  binding 
supersedes  the  necessity  of  sewing,  bind- 
ing every  leaf  as  securely,  and  giving 
greater  flexibility. 

When  the  sewing  is  finished  the  strings 
are  cut,  leaving  an  inch  or  so  hanging, 
which  are  used  to  fasten  the  book  to  its 
case.  The  bucks  of  the  sheets  are  now 
all  glued  to  increase  the  connection. 

By  hunnnering  on  wooden  blocks,  or 
better  still,  by  passing  the  sheets  be- 
tween rollers,  the  back  is  rounded  and 
the  front  hollowed  out,  and  a  (^r'^oved 
hollow  made,  into  which  the  millboard  is 
fitted,  the  covers  being  fastened  by  the 
strinifs  through  the  boards.  The  book  is 
next  placed  between  boards  and  screwed 
up  in  a  press,  with  one  of  its  ends  pro- 
jecting. The  ends  of  the  leaves  arc  now 
cut  ort'fair  by  u  plough,  the  cultint;  edge 
I  of  which,  in  its  action,  is  midway  between 
I  a  knife  and  a  plane-iron.    When  books 


46 


CVCLOPEDIA   OF  THB   USEFUL  ARTS. 


[bor 


are  bound  in  leather,  the  Rides  of  the 
covers  are  previously  stamped  with  a  de- 
vice, or  embossed  as  it  is  termed.  Tlie 
embossing  machine  sometimes  exerts  a 
pressure  of  50  tons.  The  devices  on  the 
oaok,  edges,  and  margin,  are  placed  on 
by  hand  with  a  revolving  wheel,  which 
has  on  its  edge  the  device  cut  out,  and 
which  leaves  its  impression  when  the 
wheel  is  rolled  along. 

Gutta  percha  has  lately  been  introduced 
Into  binding,  to  imitate  the  antique  old 
oak  binding. 

When  books  are  to  be  gilt,  the  edges 
are  scraped  and  burnished  with  tlie  ji^Mte 
burnisher,  then  colored  over  with  red 
bole  or  chalk,  ground  in  soap,  rubbed  in 
fine  paper,  and  again  well  burnirthed ; 
thit»  brightens  up  the  gilding.  The  gold 
leaf  is  then  cut  into  slips,  and  Uiid  on. 
Oildintr  on  marbled  edg'cs  hjia  a  ven»' 
beautiful  elfeot,  as  the  marbling  is  per- 
ceived througii  the  gold. 

Several  of  the  book  binderies  in  New- 
York,  Philadolphia,  and  Boston,  employ 
from  fifty  to  one  hundred  person.s,  in- 
cluding females  who  stitch  and  fold. 

BORACIC  ACID.     (.*^f  B<.RON.) 

BOKAX.  This  salt  is  found  native  in 
some  of  the  lakes  of  Thibet  and  Persia, 
and  is  imported  from  India  under  tiie 
name  of  tlnoiU  whicli,  after  purifloali<ni. 
forms  the  rtjhuil  lx>rax  «tf  comtneree.  Of 
late  years  borax  has  been  obtained  by 
combining  rmtict  fforacir  ariJ  with  s'xla. 
Borax  forms  hexaiie<lr;il  prisms,  sliu'litly 
effloroscoiit,  and  reiiuiriiiir  -"  of  eold  and 
6  of  boiling'  water  for  solution.  Wiien 
heated,  water  of  crystallization  is  driven 
otf,  and  the  residuary  s;iJt  fu.ses  into  what 
is  ealU;d  >/l'iftM  *>/  honu'. 

< /rystiJiize*!  borax  eonsists  of  OS  ]»ora<'ic 
acid -H  o2  soda -f- 'J<»  WMtcr.  It  \\i\>  n\nu 
some  tc^ts  an  alkaline  n-action,  and  has 
hence  been  called  suh-lrtinrf'-  of  .sn,/,f.  Bor- 
ax is  ehletly  used  by  workers  hi  nii'talsas 
a  flux:  it  is  also  enipluveil  In  nu-dieine. 

Dry  borax  aets  oti  nietallie  oxides  at  a 
liiLfh  temperature,  nieltintr  and  vitrilVmg 
them  into  l)eautirul  eojortHl  L'lasses,  oii 
whieh  aeeount  it  is  a  nio^t  uset'ui  reairent 
witii  the  blow-pi  I  >(.'.  It  tini:e->  oxide  of 
ehronie,  einerahl  i^reen  ;  oxidr  nf  e<>l>alt, 
intense  hhie  ;  oxidi'  ol'ei,]i|.t-r,  pale  LMieii ; 
oxide  ol'  tin,  ojial  ;  o\ide  <>r  iron,  hottle- 
L'reeti  ;  oxid«-  inan^aii«  se.  \  ioliT.  In  the 
t'usion  of  jnetals  it  i.roi.civ  the  Mirtaeo 
froni  oxidi/enii-nt.  and  dis^..|\,s  any  nx- 
iijes  oil'  the  surl'aee  :  jien<'e  il  i~  ail  ex<il- 
lent  tlux  in  the  hands  oi'  tlie  iroMsmith,  iu 
solderin^r  preeituis  metals,  and  to  the 
bra/icr,    in   sulderinsir    eopper   and    iron. 


When  mixed  with  shell-lac,  in  the  mtlo 
of  1  to  5,  it  renders  the  lac  soluble  in  wa- 
ter, and  forms  with  it  a  species  of  varnish. 

BORON.  The  base  of  boracic  acid, 
discovered  by  Davy  in  1807.  It  may  be 
procured  by  heating  dry  boracic  acid  with 
potassium.  It  is  a  dark  olive-colored 
substance,  a  nonconductor  of  electricity, 
insoluble  in  water,  infusable,  and  of* a 
specific  ijravity  =  2,  Heated  to  redness 
it  burns  into  horacic  ac'ui^  which  consist* 
of  20  boron  +  48  oxygen. 

Boracic  acid  is  found  in  the  hot  spriner?*, 
and  amongst  the  volcanic  products  of  the 
Li})ari  islands,  and  in  the  waters  of  Sx'sso 
in  the  Florentine  territory ;  it  also  occurs 
in  some  minerals.  It  may  be  obtained 
by  adding  excess  of  sulphuric  aeid  to  a 
strong  solution  of  borax.  Itri  speeific  gra- 
vity is  1-4^.  In  its  usual  state  of  sraly 
crystals  it  is  a  h)f<lrat*',  eoniposed  of  68 
diy  aeid -f  *27  water.  In  this  state  it  re- 
quires about  30  ])arts  of  cold  and  3  of 
boiling  water  for  its  solution.  It  dis- 
solves in  aleohol,  and  the  solution  burns 
with  a  characteristic  t:i"cen  flame.  It 
reddens  litmus  ;  but  renders  turmeric 
brown,  like  an  alkjdi.  When  its  water 
is  driven  otf  by  tusimj  it  at  a  hit'h  heat, 
tin*  anhydrous  aeid  eoneretes  into  a  ghissy 
substance  of  the  speeiflc  gravity  of  1*S. 
It  is  a  useful  flux,  and  was  formerly  used 
in  medieino  under  the  name  of  Jli'inf^^n/a 

The  borai-ic  acid  lasfoons  of  Tuscanv 
are  an  interestin:r  instanec  of' the  conver- 
sion   of  u   natural    phenomenon,    wJiieli 
seemed   only  a  snVtic-et  of  wonder,  into 
a  ju-i'duetive  manulueture.   Tiiesc  hiifoons 
are  depressions  or  mud  iioles  in  the  soil, 
fri>m  whieh  issue  iiot  vaj'ors  hii:hly  im- 
»reL'nate<l  with  boraeie  aeid,  whieh  were 
brinerly    reirarded    with    terror    by    the 
iidiabitants    of  their    vicinitv,  and    thev 
souLfht    l>y  pultlie  [travers   a  deliverance 
from  this   seonrj/e.     In    l^ls,   Mr.   Lau- 
derel    eoTu-eived    the    idea    of    reiulering 
the^e  va}'<irs  n  soiuee  ol'  prorit.     The  la- 
^'oons  beiniT  situated  iij.on  tlu'  deelivity 
of  a  m"Utitain,  tiiey  w*  r*-  surrounde<l  bv 
a  ])a-iTi  of  mason  work,  an<l  uatir  fr<'m 
the    mountain     stream    eondueted    into 
them,  so  as   to  form  a  st-ries  of  artiti'ial 
lakes   at    dill't-ient    levels.     The  water   is 
le!  into  till'  ni'per  basin,  u  lure  it  remains 
some  t\venty  <ir  thirty  Ikmu's  and  bei  <'mes 
inii'Ti 'jnated  by  the  aeid  vapors;   at   the 
end  of  ihix  time  the  water  Is  ilr.iwn   <.tr 
iiiio  t  he  s,.<  oii.l  liasin.  w  hen  it  r«  >  ii\  i  -  a 
lurt  !ier  I'Vej-iialii'ii :  arul  so  on  ^ui  e(  ^>,;\  ,._ 
ly  thr-'U:_rli  ^ix  or  eiifht.  until  it  reaelic,* 
the   e\aporalinij'    reoervuirs.      Tlicse   are 
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of  lead,  and  the  heat  for  carrying  on  the 
evaporation  ia  obtained  from  the  vapors 
themsclvcB,  which  are  brought  in  pipes 
below  the  boilers.  All  the  means  oiina- 
nafacture  are  furnished  by  the  locality 
itself.  The  annual  product  of  these  la- 
eoons  is  two  and  a  half  millions  of  pounds. 
The  boracic  acid  is  converted  into  borax 
bv  combining  with  soda. 
'BOTTLE.    (See  Glass). 

BRAN.  Tlie  husk  of  wheat  which  im- 
mediately covers  the  grain,  and  which 
remains  in  the  bolting  machine.  It  is 
geutly  laxative ;  an  infusion  of  it.  under 
the  name  of  bran  tea^  is  fVequently  used 
ts  a  domestic  remedy  for  coughs  and 
hoarseness.  Calico  vrmters  em^^oj  hran 
and  warm  water  witn  great  success  to  re- 
move coloring  matter  from  those  parts  of 
their  goods  which  are  not  mordanted. 
Thift  appears  to  be  due  to  the  quantity  of 
earthy  phosphates  which  the  oran  con- 
tains. 

BRANDY.  A  spirituous  product  ob- 
tained bv  distilling  wine :  the  auality  va- 
ries with  the  wine  employ ea.  When 
pure  it  is  perfectly  colorless,  and  only  ac- 
auires  a  pale-brown  or  yellow  tint  from 
ine  cask.  The  deep  color  of  common 
brandy,  intended  to  imitate  that  which  it 
acquires  from  great  ago  in  the  cask,  is 
generally  given  "by  the  addition  of  burn- 
ed sugar.  The  average  proportion  of  al- 
cohol in  brandv  varies  from  48  to  54  per 
cent.  The  best  orandy  is  made  in  France, 
the  prefereuce  being  generally  given  to 
that  shipped  fVom  Cognac.  {See  Distil- 
lation). 

BRASS.  An  alloy  of  copper  and  zinc : 
to  make  brass,  the  English  method  is  by 
melting  together  copper  in  round  masses, 
or  in  bars,  with  calamine,  which  is  a  na- 
tive oxyde  or  ore  of  zinc,  and  a  native 
carburet  of  zinc  combined  with  oxyde  of 
iron,  which  make  it  of  reddish  color,  and 
it  usually  contains  more  or  less  lead. 
The  calamine  is  powdered  and  separated 
by  washing,  then  heated  on  the  hearth 
of  a  rcvcrberatory  furnace,  which  expels 
the  volatile  matter,  usually  water  and 
c-arbonic  acid.  The  remainder  is  oxyde  of 
zinc,  and  a  small  portion  of  carbon,  which 
the  heat  cannot  wholly  remove,  and  some 
earthy  substances.  The  proportions  are 
nearly  equal  weights  of  copper  and  oaln- 
niine  and  one-tenth  of  their  wciirlit  of 
pulverized  charcoal,  which  arc  tfiifetlier 
put  into  a  crucible  capable  of  containing 
!<'<)  pounds  of  brass  when  completed, 
hut  when  charged  holding  603,  calamine 
H-i.  and  charcoal  18,  which  is  covered 
with  clay,  sand,  Ac,  to  keep  It  free  from 


the  air.  The  fire  is  continued  from 
twelve  to  twenty  hours,  when  the  refuse 
is  poured  off,  tile  metal  cast  into  ingots, 
then  usually  remclted  and  cast,  to  fender 
it  better  and  finer,  when  it  is  rolled, 
drawn,  or  made  into  castings  for  use. 

Brass  is  oflen  made  by  melting  t(^e- 
ther  small  pieces  of  cast  copper  and  zinc, 
which  is  made  into  ingots,  then  rollea 
into  sheets  slitted  and  drawn  into  wire. 
For  knife  scales,  sheet  brass  is  used 
which  is  not  annealed,  but  stiff  and  hard« 
Corinthian  brass,  famous  in  antiquit}', 
was  an  alloy  of  gold,  silver,  and  copper. 
Lucius  Numminus,  146  years  before 
Clirist,  captured  and  burned  the  city  of 
Corinth ;  and  the  violence  of  the  confla- 
gration formed,  fVom  the  abundance  of 
metals  in  its  course,  a  solid  sea  of  this 
alloy  in  the  streets  and  low  places.  Ger- 
man chemists  make  copper  of  a  gold  co- 
lor, by  exposing  it  to  the  fumes  of  zinc. 
The  comparative  stiffness  of  this  alloy 
permits  it  to  bo  cut  by  saws  and  files, 
turned  and  worked  much  easier  than  iron. 
The  metal  anciently  called  brass,  is  the 
copper  of  modem  times ;  and  the  Colos- 
sus at  Rhodes,  and  other  8f>-called  brazen 
fabrics,  were  formed  entirely  of  the  last 
named  metal. 

Brass-making  was  introduced  into  Eng- 
land in  1694,  where  it  proved  a  fnilure  to 
its  first  manufacturers,  but  it  is  now  a 
great  business  in  that  country.  Brass 
must  bo  annealed  after  it  is  cast  into 
moulds,  or  it  wiU  be  so  brittle  that  it 
cannot  be  drawn.  Brass  is  li^^liter  than 
pure  copper,  but  it  is  harder.  It  is  only 
malleablo  while  cold.  If  brass  is  heated 
beyond  a  cherry  red,  the  zinc  separates 
from  the  copper  in  the  form  of  gas. 
Tlierc  are  a  great  variety  of  brass  alloys. 
Four  parts  of  copper  and  two  of  zinc, 
makes  a  beautiful  brass.  The  copper 
must  ^e  first  melted  then  the  zinc  is 
introduced,  and  as  soon  as  it  is  melted  it 
must  be  stirred  then  run  into  the  mould. 
The  renson  for  doing  tliis  is,  that  zinc  is 
volatilized  at  the  heat  of  fluid  copper, 
therefore,  if  the  zinc  and  copper  were  in- 
troduced together,  before  the  coj»j)er  was 
all  melted  a  great  portion  of  tlie  zinc 
would  have  departed  in  the  state  of  vapor. 

The  usual  pru})ortion  of  metals  in  yel- 
low brass,  is  3o  of  zinc  and  70  of  copper. 

Tomback  or  red  brnss,  is  an  alloy  of 
copper  and  zinc  eotit:iining  n(»t  more  than 
20  per  cent,  of  the  hitter. 

Pinehbeek,  is  luiide  of  2  parts  copper 
and  1  of  vellovv  bniss. 

Prince's  Metal,  3  parts  copper  and  1 
of  zinc. 
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Mnnnheim  gold,  28  copper,  12  yellow 
brnss,  and  8  tin. 

Cjuit  white  metal-buttons,  are  made  of 
an  alloy  of  32  parts  brass  (yellow),  4  parts 
of  zine^  and  2  of  tin. 

The  French  state  that  brass  containing 
two  per  cent,  of  lead  works  more  freely 
in  the  turning-lathe,  bat  does  not  ham- 
mer so  well  as  the  ordinary  brass. 

BRASS  FOIL.  Dutch-leaf:  it  is  made 
from  very  thin  sheet  brass,  beat  out 
under  a  hammer  worked  by  water  power 
which  gives  3  or  400  strokes  per  mmute: 
from  40  to  80  leaves  being  laid  over  each 
other.  By  this  treatment  it  acquires  its 
characteristic  solidity  and  lustre. 

BRAZIL  WOOD.  A  valuable  wood, 
imported  from  South  America  and  the 
West  Indies,  where  it  is  produced  by 
certain  species  of  C\r taf pi hki,  especially 
C.  echinuta  and  BrazUieit^U  ;  larjure  trees 
with  repeatedly  pinnated  leaves,  sliowv 
yellow  flowers,  and  long  richly  colored 
stamens.  It  is  used  for  the  pfcj>aration 
of  a  red  dye,  but  the  consumption  of  it 
in  this  country  is  inconsiderable.  The 
coloring  matter  is  easily  atfectcd  by  acids, 
producing  an  orange  or  yellow  eolor 
which  is  durable:  with  alkalies,  a  violet 
and  purple  color  is  produced — these  arc 
fleetine.  Tiie  c-olor  given  to  silks,  known 
as  false  crimson,  is  by  means  of  Brazil 
wood.  The  silk  is  boiled  with  2<»  parts 
of  soap,  rinsed  and  piu*sed  throuL'ii  a 
bath  charged  with  this  wood.  Stroiitror 
colors  are  gained  by  giviiiLf  a  ltoiiiuI  of 
annotto  to  the  silk,  or  by  adding  log- 
wood to  till'  bath. 

Nio  irairua  and  peaoli  wood,  are  varie- 
ties of  the  Cicsalpiiiia,  and  priHlucc  dyes. 

Tiie  ooloniii;  substaiioos  )H'loii<,'iiiir  to 
Br.izil,  are  called  by  chemists  hrnz'tJine 
and  hmzthin*- ;  the  first  iH'itit;  the  c.'i>!.>r- 
injr  matter  of  the  wood,  atid  l!ie  se«'ond 
a  colorless  8ul)stance  whicli  apju'  irs  to 
pass  into  the  proper  coloring,'  maiu-r  by 
oxid  ition. 

BREAD.  (Oer.  bro<l.)  This  impor- 
tant article  of  food  is  made  of  the  tiour 
of  dirt'i-rent  trrains  ;  but  it  is  ojily  those 
which  contain  trlnto!!  that  admit  of  con- 
version into  a  liirlit  or  porous  and  spoiii_ry 
bread.  <»f  which  ichi,it,n  hr>thl  t'lirnislics 
the  best  example.  When  tloiir  is  ma.lc 
into  a  toUi:h  paste  or  ilomfl,  by  the  ;id- 
dition  of  u  little  w.iter,  r-'lU'd'  out  into 
thin  cakc^.  and  more  or  le-s  biiUcd,  it 
f>rtn>*  I'i^riiif.  For  tlic  l-Tmition  <>t* 
hroi.l  a  certnn  dc.'rce  of  t'  rini  tit;iti<«n. 
ii'-r  ii'ilike  vin  .n<  fi'rMii-nt;i'i<'!i.  i'^  rf.(ni- 
Bite,  cue  builiLT  t;ikeii  to  avoiil  iic«*l<>i"S 
fermentation,    which    renders  the   bread 


sour,  and  to  most  persons  disagreeable. 
If  dough  Imj  left  to  itaelf  in  a  moderately 
warm  place  (between  80°  and  120°),  a 
degree  of  fermentation  comes  on,  which, 
however,  is  sluggish,  or,  if  rapid,  ace- 
totis  J  so  that  to  etfect  that  kind  of  fer- 
mentation reauisite  for  the  production  of 
the  best  bread,  9.  ferment  is  added,  which 
is  either  leacen  or  dough  which  is  already 
in  a  fermenting  state,  and  which  tends 
to  accelerate  the  process  in  the  mass  to 
which  it  is  added  •  or  yeasty  the  jpeculiar 
matter  which  collects  in  the  tbnn  of 
scum  upon  beer  in  the  act  of  fermenta- 
tion. Of  these  ferments  leaven  is  slow 
and  uncertain  in  its  etfect,  and  gives  a 
sour  and  often  slightly  putrid  flavor. 
Yeast  is  more  etfcctive:  and  when  clean 
and  good,  it  rapidly  induces  panary  fer^ 
incnUit'wn  ;  but  it  is  often  oitter,  and 
sotnetimes  has  a  peculiarly  disagreeable 
smell  and  taste. 

All,  then,  that  is  essential  to  make  a 
loaf  of  bread  is  dousrh  to  which  a  certain 
quantity  of  yeast  h^ts  been  added.  This 
mixture  is  put  into  any  convenient 
mould  or  form,  or  merely  shaped  into 
one  mass  ;  and  after  having  been  kept 
for  a  short  time  in  rather  a  wann  place, 
so  that  forjiientation  may  have  begun,  it 
is  subjected  to  the  process  of  baking  in  a 
proper  oven.  ('arl>onic  acid  is  generated  ; 
and  the  visciditv  or  texture  of  the  doujrh 
preventing  the  nnmediate  esc}iy)e  of  that 
gas,  the  whole  mass  is  }>»iticd  up  by  it, 
anil  a  lii/ht  porovis  bread  is  the  result. 
.AlonL'  with  the  carbonic  acid  traces  of 
alcohol  are  at  the  same  time  pro<luced, 
})ut  ^o  insiLMiiticant  and  impure  as  not  to 
be  worth  notice ;  hence  the  attempts 
which  have  been  made  tf>  collect  it  upon 
the  larL'c  scale  have  entirely  failed  in  an 
economical  point  of  view.  Other  flour 
})c-idcs  that  of  wheat  will,  under  similar 
<'ir(umstance>.  uudcriro  panary  fcrmen- 
tation  ;  but  the  result  is  a  hcavv,  un- 
palatable, and  ot"ien  indiircstible  bread; 
so  that  the  jiddition  f»f  a  certain  quantity 
of  wheat  tiour  is  almost  always  hatl  re- 
cour-*e  to.  It  is  the  (fliit<n  in  wheat 
wliich  tlius  peculiarly  fits  it  for  the  mnii- 
utacture  of  bread,  chictly  in  consequence 
of  the  touLdi  and  elastic  visciditv  which 
it  contcrs  upon  the  doULdi. 

It  is  well  known  that  Iikdiu  -m'ul*'  hr^^atl 
atid  fmhir'i*  hrxhl  are  two  \ery  ditlerent 
thiuLTs  :  the  former  is  usually  sweeter, 
liirlitt-r.  and  more  retentive  of  moisture  ; 
the  latter,  it'  cati-n  so. in  at\cr  it  has 
er.oled.  i-*  ]»'fi^a!it  :md  sponLTV  ;  but  if 
kejr  tor  ni'Tc  tlian  two  or  tlirer  days,  it 
becomes    harsh    and    unpalatable.      The 
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cause  of  this  difTerence  may  pcrhapR  be 
obvious  from  the  following  actails  of  the 
operations  of  the  wholesale  baker. 

In  making  his  dough  he  takes  the 
water,  or  part  of  it,  which  he  intends  to 
use,  and  having  slight'y  warmed  it,  dis- 
solves in  it  a  certain  portion  of  salt ;  then 
he  adds  the  yeast,  and  then  a  certain 
quantity  of  flour.  This  mixtnre  is  set 
aside  in  a  warm  place,  where  it  soon  be- 
gins to  ferment.  This  process  is  called 
tftting  the  sponge  ;  and  according  to  the 
relation  which  the  water  in  it  Dears  to 
the  whole  quantity  to  be  used  in  the 
dough,  it  is  eallea  whole,  half,  or  quar- 
tern sponge.  The  evolution  of  carbonic 
acid  causes  the  sponge  to  heave  and 
swell :  and  when  the  surface  bursts  it 
subsiaes,  and  then  swells  again,  and  so 
on ;  but  the  baker  is  careful  to  use  it 
before  this  fermentation  has  communi- 
cated sourness  to  the  mass.  He  then 
adds  to  the  sponge  the  remaining  quan- 
tity of  flour,  water,  and  salt,  which  may 
be  required  to  form  dough  of  proper 
quality  and  consistence,  and  incoroorates 
tnc  whole  by  long  and  laborious  Knead- 
ings  till  the  entire  mass  acauircs  unifor- 
mity, and  is  so  tough  and  elastic  as  to 
bear  the  pressure  of  the  hand  without 
adhering  to  it.  It  is  then  left  for  a  few 
hours/during  which  ferincutation  goes 
on ;  and  the  inflated  ninss  is  again 
kneaded,  so  as  to  break  down  any  huiips 
or  portions  which  had  accidentally  escap- 
ed ditfusion  in  the  first  operation,  and  to 
confer  j>crfect  unifonnitv  on  the  wliole. 
Tliedoughis  then  weigheci  out  into  loaves, 
which  are  shaped,  and  put  aside  in  a 
warm  place  for  an  hour  or  two,  during 
which  they  swell  up  to  about  double 
their  original  size  ;  they  are  then  put  into 
the  oven  and  baked  :  during  which  ope- 
ration tljcy  again  enlarge  considerably  in 
bulk,  in  consequence  of  the  dilatation  of 
the  previously  generated  carbonic  acid 
pent  up  in  the  dou:;h  ;  for,  a-s  soou  as  the 
iii:isft  id  exposed  to  the  heat  of  the  oven, 
the  fermentation  is  put  an  end  to. 

If  we  compare  the  baked  loaf  with  the 
flour  of  which  it  i:*  eomjvosed,  we  shall 
find  that  panary  fennentatioii  iins  j)ro- 
duced  a  considerable  ehanijc  in  the  latter. 
The  gluten  and  the  starch,  which  (fxelu- 
sive  of  a  trace  of  suirar)  were  the  compo- 
nents of  the  flour,  have  mutually  acted 
D|K»n  and  altered  each  other;  the  toui^h- 
Dess  ond  viscidity  of  the  gluten  is  gone, 
and  the  starch  no  longer  forms  a  t;(  lati- 
noub  mixture  with  hot  water;  a  little 
sugar  is  generally  fonned,  as  well  as  al- 
cohol;    but  the   principjd  cause  of  the 
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change  in  the  characters  of  the  flour  it 
the  evolution  of  carbon  and  of  oxygen  in 
the  form  of  carbonic  acid,  the  production 
of  which  is  independent  of  the  presence 
of  external  oxygen  (or  of  air).  Small 
(quantities  of  alum  are  also,  it  is  said, 
invariably  used  with  the  view  of  whiten- 
ing or  bleaching  the  bread ;  for  it  may  be 
observed,  that  whatever  may  be  the 
quality  of  flour  which  is  used,  home- 
made bread  is  always  of  a  comparatively 
dingy  hue.  According  to  Mr.  Accum, 
the  requisite  Quantity  of  alum  for  this 
purpose  depenas  upon  the  quality  of  the 
flour.  The  mealman,  ho  says,  makes 
diflferent  sorts  of  flour  from  the  same 
kind  of  grain.  The  best  flour  is  chiefly 
used  for  biscuits  and  pastry,  and  the  in- 
ferior kinds  for  bread.  'The  smallest 
Quantity  of  alum  used  is  from  three  to 
four  ounces  to  the  sack  of  flour  of  240 
pounds. 

Another  article  occasionally  employed 
in  bread-making  is  carbonate  of  ammo- 
nia. As  it  is  wholly  dissipated  by  the 
heat  of  the  oven,  none  remains  in  the 
baked  loaf.  It  renders  the  bread  light, 
and  perhaps  neutralizes  any  acid  that 
may  nave  been  formed  (exclusive  of  car- 
bonic acid) ;  but  it  is  too  dear  to  be  much 
employed.  To  some  kinds  of  biscuit  it 
gives  a  peculiar  shortness,  and  a  few  of 
the  most  celebrated  manuf.icturers  use  it 
larijely.  The  French  chemists  have  ac- 
cused the  bakers  of  employing  sulphate 
of  copper  or  blue  vitriol,  for  the  purpose 
of  improving  the  color  of  the  bread;  but 
so  dangerous  and  easily  detected  an  addi- 
tion can  scarcely  be  supposed  to  be  com- 
mon. According  to  Mr.  E.  Davy,  bread, 
especiallv  that  of  indifferent  flour,  is 
materially  improved  by  the  addition  of  a 
little  carbonate  of  magnesia,  in  the  pro- 
portion of  twenty  to  thirty  grains  to  the 
pound  of  flour;  it  requires  to  bo  very 
mtiinately  mixed  with  the  dough.  Tho 
most  nefarious  adulteration  of  bread  con- 
sists, however,  in  the  addition  of  certain 
insipid  and  colorless  earthy  substances, 
with  a  vii'W  of  increasing  its  weight; 
sui-h  as  pipe-day,  porcelain  clay,  chalk, 
and  pliistcr  of  Paris.  These,  however, 
ore  iirohablv  verv  rarelv  resorted  to: 
though  in  one  nistance  the  writer  of  this 
article  had  occasion  to  examine  a  quantity 
o{ Inscuitfi^  which  were  a»lulterated  with 
gyrisuni  to  the  amount  oi\(^ per  cmf. 

For  the  niaiiufacturr  ot'domcstie  bread 
the  following,  perhaps,  may  not  be  un- 
ae(v)>1:iMe. 

WhiU  Jirtad. — Take  nn  earthen  vessel, 
larger  at  the  top  than  the  bottom,  and 
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in  it  put  a  pint  of  milk- warm  water,  II 
lbs.  of  flour  and  i  pint  of  good  malt 
yeast ;  mix  the&e  well  together  and  set  it 
away  (in  winter  it  should  bo  in  a  warm 
plac«)  until  it  rises  and  falls  again,  which 
will  be  in  from  three  to  five  hours.  It 
may  be  set  at  night  if  wanted  in  the 
morning.  Then  put  two  large  table- 
spoons fuU  of  salt  mto  two  quarts  of  wa- 
ter, and  mix  it  well  with  the  above  ris- 
ing. Then  put  in  nine  pounds  of  flour, 
and  work  your  dough  well :  then  Bet  it 
by  until  it  becomes  light.  Then  iiiuke  it 
out  in  loaves,  of  which  it  will  make  four. 
As  some  flour  is  "  dry,"  and  other  *'  run- 
ny," the  above  quantity  will  be  a  guide. 
Tiie  person  making  bread  will  ol>scrve 
thftt  runny,  or  new  flour,  will  require 
one-fourth  more  salt  tlinn  old  or  dry 
flour.  The  wuter  alf«o  should  be  tem- 
pered according  to  the  weather.  In 
spring  and  fall  it  should  only  bo  milk- 
warm.  In  hot  weatlier  cold,  and  in  >\  in- 
ter warm. 

Broiva  Bread. — Take  one  part  of  rye 
meal  and  two  parts  of  Indian  iiical,  mix 
it  well,  add  a  little  salt,  and  thoronirhiy 
wet  the  whole  with  boiljnir  milk.  Stir  it 
fre(^uently,  until  cold,  and  add  cold  milk 
till  It  is  thin  enonLrh  to  pour  into  pans. 
Bake  it  in  a  brick  oven  five  or  six  hours. 

Take  six  quart-*  of  water,  one  teamp 
full  of  salt,  one  pint  of  lard  or  other 
clean  grease,  one  pmt  of  yeast,  the  whole 
to  be  quite  warm  ;  then  stir  in  meal 
enough  to  make  a  stitV  hatter,  let  it  stand 
till  it  rises.  tlK-n  mix  up  and  )>ut  in  |>ans 
to  bake.  The  <iuanties  can  oreour>e  he 
rediiced  pro]>orti<»natfly  :is  dt  -.in-d. 

Unf'rin'  iitdl  Jiraul. — Five  ]'nunds  of 
flf»ur,  4  o/.  sesqni  earlM.nate  soda.  {  dram 
sesqui  oarhoiuitc  ot'animonia.  4  tenspoon- 
fuls  of  eonnu"!!  salt.  Mix  well  t«>i;(ther, 
and  then  add  2i  pints  ( ;.o  (.z.  i  e<»M  wa- 
ter, and  5  drams  ot"  jiydrorlori--  arid.  It 
requires  li  hours  to  liaki-. 

The  theory  *>{ p'lritjinifioii  (hn-ad-bak- 
iniri  is  easy  of  rf»inpri*hfn>ion.  Tln'  tl-Mir 
owe-*  this  valuable  i|uahiy  to  \\\v  L'lutiu, 
whi«'li  it  contains  in  L'rratrr  aliundaiice 
tium  any  otlur  ol"  the  ,-iri'iH,(  (  kinds  ot" 
corn).  This  >ul»!ani'e  dors  n^t  con-ti- 
tute,  as  had  herrtotnre  been  iiiia-j-intil, 
tlie  membrane'^  oi'ilie  ti-suc  «>i"tho  pi-ris- 
pfrm  of  the  wheat  ;  but  i<  inrl'-s.^l  in 
cells  of  that  tissut;  uuiU  r  the  4-|>i<l<-niiit' 
coats,  even  to  the  centre  oi"  the  '^M-ain. 
In  Ibis  respect  the  trlutcii  lies  in  a  >it na- 
tion analoirous  t<>  tiiat  (^(  the  stareh,  and 
of  most  of  the  iuimcdiate  princij'Ii.-*  oi" 
veL'Ctables,  The  other  immediate  priii- 
fiple'5  which   jtlnv  a   ]>'irf   in   fh'ii'Ti.--'ti<-ii 


are  particularly  the  stareh  and  the  sugar  ; 
and  thev  all  operate  as  follows : — 

The  ditfusion  of  the  flour  through  the 
water,  liy(lraU»  the  stareh  and  dissolves* 
the  sugar,  the  albumen,  and  some  other 
soluble  matters.  The  kneading  of  the 
dough,  by  completing  these  reactions 
throusfh  a  more  mtimiite  union,  favors  al- 
so the  fennentation  of  the  sugar,  by 
bringing  its  particles  into  elose  contact 
with  those  of  the  leaven  or  yeast ;  and 
thedrawinsrout  andmala.xnting  the  dough 
softens  and  stratifies  it,  introducing  at 
the  same  time  oxvgen  to  aid  the  ferment- 
ation. The  dougli,  when  distributed  and 
formed  into  loaves,  is  kept  some  time  in 
a  gentle  warmth,  in  the  folds  of  the  cloth, 
pans,  etc.,  a  circumstance  propitious  to 
the  development  of  their  volume  by  fer- 
mentation. The  dimensions  of  all  the 
lumps  of  douirh  now  gradually  enlarge, 
from  the  disengatremcnt  of  e4»rV)onic  acid 
in  the  doeotnpo>ition  ofthesuGrar;  which 
Lfas  is  im})risoned  by  the  sjlutinous  paste. 
Were  these  ydienomena  to  continue  too 
lon«r,  the  douifh  W(tuld  become  too  vesic- 
ular ;  they  nnist,  Iherel'ore,  be  stopped  at 
tin-  ])roju^r  point  of  sjtonginess,  bv  plac- 
\\\M  the  loat' lumps  in  the  oven.  I^houurh 
tlii-»  causes  a  sudden  expansion  of  the 
en<-lo>ed  gaser>us  [tIoIjuIcs,  it  ]iuts  an  end 
to  the  fermentation,  anil  to  their  growth, 
as  also  evaporates  a  portion  of  their  wa- 
ter. 

The  riehne>s  or  nutritive  powers  of 
sf>und  flour  and  al.->o  of  bread  arc  j)ropor- 

;  tinnal  to  the  (luantitv  »)f  duten  thev  eon- 
tarn.     It  IS  <>1  great  nuportanee  to  dctcr- 

;  mine  this  point,  tor  })oih  of  these  objeets 
are  ot"«-n<>r!nous  value  and  consumption  ; 
and  it  ni:i\'  I'e  aeeoniplished  most  easilv 
and  exaetiy  by  diu'cstinir  in  a  water-bath, 

I  at  a  teiniieratui-e  <-!'  It!?-"  F.,  looo  trrains 

\  ol'  bi'ead  ( or  llour)  with  1<»<^0  grains  of 
brui>e<l  hailey-malt,  in  i'.ooo  grains  or 
in  a  litt!e  jipMi-  than  half  a  J'iut,  of 
Avater.  When  tlils  mixture  ceases  to 
tak'<-  a  I'liu-  eoli'r  from  iodine  (that  is, 
v»!ien  al!  the>Tareli  is  e«in\erted  into  so- 
luMe  dextrine)  the  e'luten  let\  unehans.'ed 
iiia\  be  cMlI^-deil  ,»n  a  lilter  cloth,  washed, 
dried  at  a  heat  ot"  l'VJ-,  and  weiLdied. 
The  e(.h.j-,  t« Ature.  and  ta-<te  of  the  irlu- 
teii.  ou_dit  al^o  to  be  examined,  in  torm- 
ini:  a  JuilLMiient  of  e'-'-'d  tjour,  or  bread. 
I  >• '   Fl.i  •!  i;.  t 

JIKP  K.  i]>iifeli,  briel;«'.)  In  nrebi- 
teiiuie,  a  nta--<  <'C  ^•Iay  earth,  sometimes 
mixed  with  eo.il  a-lus,  elialk.  and  otlier 
Mil'Stani'cs,  I'-rmed  in  a  in<>nld,  and 
Ininied  in  a  kihi  or  clamp.  The  earth 
U-^c'l     I'.'i     this    )'Uliii>si-    1-    ot'    'no    S'.>rt<. 
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The  one  •  stiff  clay,  vitfa  little  or  no  ex- 
red  brick  ;  llie  otlier  m  jello wish-colored 
iht  earth,  called  louni,  which  prodiiccd  b. 
^ray-rolxred  brick.  The  clu]'  la  usually 
tempered  in 


•tare  tnixod  with  it 


Mudy  « 


■  should  bo  inlrodnccd  w  |ici*Bi- 

ble.  In  niauldinK  them,  which  it  doue 
in  a  wooden  moulJ,  a  clever  workman 
will  mould  Btflut  live  tliousend  in  flf\eeD 
houm.  Tlie  kUnin  which  tliej'  are  burnt 
i(  a  Lirire  building,  about  13  feet  lou^,  la 
feet  S  laehea  wide,  and  13  fvet  high  fur- 
nished with  a  proper  i'nmacc.  When 
otherwitc  bonit,  the  rlamp,  at  It  ia  called, 
in  rortned  of  the  brick*  tliciiiBclves,  gene- 
rallv  oblong  on  the  plan,  ani*  -'  -  ■'-  —  ■ 


uds  ;  J'ww  Iricti  or  pfct- 
s  cidred  Nindel  or  aamel 
,rc  those  fnrtheat  from  tba 


,  liould 

never  lie  uncd  in  a  baildiog  where  dnra^ 
bility  ia  required;  bum  or  dintfrt, 
which  are  maBRce  of  eevcral  bricks  ran 
together  in  the  damp  or  kiln  from  the 
violent  action  of  (lie  Ere  ;  jSre  bricts,  of 
a  red  color,  about  9  inches  lone,  4i  inehea 
tiroui),  and  an  inch  and  a  hidf  thick, — 
they  ore  made  for  uac  in  fumaeea  1o  re- 
aist  tlie  netion  of  the  tin,  and  from  having 
been  formerly  mnniifuctiired  in  the  neigh- 
borhood of  Windeor.  Ihey  are  Bometiuiea 
called  Windsor  brick*;  pacinf  brkl4, 
' — "'"  ' —  '■""  pnrpoee  t"""" r__i'--- 


Ench 


coarse  of  _ _   _   .,. 

/■rf:x  or  dndeni :  and  Hues  are  Tonued, 
(Hied  with  eoslB,  breeie,  and  wood.  The 
bnmingcontinQca  from  twenly  to  thirty 
diva.  The  size  of  bricks,  wbvn  bun<t, 
ia  'required  in  England  to  be  St  inches 
loug,  it  inches  tliick,  sud  4  inches  wide. 
The  ditfcrent  varieties  of  bricks  are, 
melBU,  which  are  of  a  yellowish  uniform 
eulor  and  texlurc;  •rcoiuU,  not  quite  so 
nniform  io  color  and  texture  aa  uialiiis  ; 


nflnpitMg  brifiit,  are  circular  on  the  plan, 
'  chiefly  used  in  walling  wells  and  the  tike  ; 
Dutth  Hiattrt         '~      


scd  in  walling  wells  and  th 
"attrt  or  /Trtnirf  Mc' 
isc<l  ID  Btahlea;    the  Uuleli 
nehes  long,  3  incites  broad,  a 


This  machine  consislit  of  a  larce 
Tolving  metal  wheel,  which  hiu  a  nu...  . 

berof  boxea  in  its  periphery,  ofthe  fcirni  r  ing.  but  ■ 

ofthe  brick  to  bo  moulded,  and  wliicli     apron  bck  ..  ..   — 

eotatitate  the  monlda.    In  tbe  inside  of  \  plungers,  and  they  pu«li 
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delivering  them  on  the  cndlcsa  apron  to 
be  carried  away.  This  is  an  outline  of 
its  main  working  fcaturcB.  A  is  the  me- 
tal base  of  the  machine ;  B  is  the  frame  : 
0  is  a  pnlly  on  the  shaft  of  the  moula 
wheel,  E.  The  rims  of  the  mould  wheel 
are  made  of  toothed  gearing,  and  gear 
into  wheels,  F  (one  oh  each  side),  of  a 
pressure  metal  roller,  which  works  close 
up  against  the  face  of  the  mould  wheel, 
excepting  that  part  opposite  the  moulch^, 
which  is  a  little  recessed  all  around,  leav- 
ing a  space  between  the  two ;  1)  is  a  pul- 
ley to  drive  the  drum  0  (fiir.  2),  of  the 
endless  apron,  J.  (1  is  the  liopner  to  re- 
ceive the  prepared  clay.  Tliis  iioppcr  is 
Bupportea  by  screw  rods  or  posts,  M 
(one  on  each  side).  Tiie  hopper  has  a 
rim  which  fits  snugly  into  rcoossos  in 
the  mould  wheel,  and  the  pressure  roller, 
F,  to  keep  the  clay  from  getting  between 
the  teeth  of  the  wheels.  In  case,  how- 
ever, that  the  moulded  brick  miirht  stick  to 
the  end  of  the  plunger,  Mr.  Wairner  hiis 
attached  a  lever  on  eacli  side,  secured  to 
the  inside  of  the  frame,  B,  under  the 
mould  wheel  and  above  the  apron,  and 
the  end  of  these  levers  are  touch  ed  by 
cams  on  each  side  of  the  mould  wheel 
(one  cam  for  each  mould)  when  the  lever 
immediately  pushes  the  moulded  brick 
from  contact  with  tiie  mould  wheel,  and 
it  drops  on  the  earryinir  apron.  Tin- first 
roller,  F,  acta  like  a  feed  roller  to  pack  the 
moulds  with  the  elay,  hut  leavinir  a  little 
clay  jirojeetiiij.' out,  and  tlien  tlu- scimikI 
pre^>ure  roIKr,  hv  hrinLT  placc-d  closer  to 
tlie  lace  ol"  the  inoiiM.^.  jin-s-^is  tlie  clay 
Hfdi.Uy  into  the  niotilN.  and  sinndths  the 
faiT  ot'tlie  brirk.  Thi;>  i^»  a  rotary  brick 
m(»nl(linfr  nuu-hitu'. 

Mr.  II.  Ivobrrts.  ot'IIydi- Park.  London, 
has  lately  taken  out  a  j>atent  I'-t  a  m-w 
kintl  ol'  bricks,  whicli  arc  so  made  tliat 
there  will  be  no  vi-rti'-al  joints  in  tlic 
wall  which  may  be  built  (tf  them,  as  arc 
now  made  by  the  luadcrs,  \\  here  the 
Knu'lish  and  Flemish  }^>}.'l><  arc  ti>cd. 
The  bricks  are  made  hojlr.w  to  Ik  ll«rliti-r. 
They  an'  made  so  that  one  sidi-  of  the 
brick  is  inclined  to  the  top  or  the  Itot'om. 
or  the  one  part  ]>rojcetinL''  lM-\onl  the 
other,  so  that  one  brick  br'ni  lai<l  the 
other  is  to  be  revi-rsed,  so  that  the  pro- 
jectini;  sides  of  the  brl''k-*  will  fit  nito 
one  another,  to  ])ond  the  work,  n^^ini!' 
only  t»tretrlu'rs  to  a\<  id  vertir;il  i<-int-^. 

Mr.  LcL'ros  has  taken  out  a  ]':itcnt  in 
London  tor  machiiic-^  to  mo-iM  brick •^, 
tilc't,  and  other  arlii'le>.  by  whi'-h  supe- 
rior iiroducc  is  fibt. titled  at  h^'^  i-.-r.  In 
one  c»f  liisi  invention--  Mr.  L.  h;,-;  ailai-tetl 


the  principle  of  motion  on  a  Binall  rail- 
way to  the  performance  of  the  several 
steps  of  the  manufacture.  For  this  pur- 
pose rails  are  laid  down  so  as  to  traverse 
on  the  same  level  all  the  buildings  in 
which  the  various  parts  of  the  machin- 
ery are  erected.  One  machine  will  turn 
out  66  bricks  in  a  minute,  or  40,0(»  in  a 
day,  at  an  economy  of  one  dollar  per 
thousand, 

BKIDGE.  (Sax.  brigirc)  In  Archi- 
tecture, a  structure  for  the  purpose  of 
connectiniT  the  opposite  banks  of  a  river, 
gori^e,  valley,  &c.  <fec.,  by  means  of  cer- 
tain materials,  fonning  a  roadway  from 
one  side  to  tlie  other.  It  may  be  of 
stone,  brick,  iron,  timber,  suspended 
chains  or  ropes ;  or  the  roadway  may  l->e 
formed  by  means  of  boats.  Iy)nff  previ- 
ous to  the  introduction  of  bridj^es  con- 
structed upon  geometrical  principles,  the 
modci*  of  crossing  rivers  by  throwing  the 
trunks  of  trees  across  them,  or  by  sus- 
pension of  ropes,  or  twisting  together 
tiic  branches  of  trees  from  bank  to  bank, 
were  so  obvious  that  they  must  have  been 
resorted  to  at  an  early  period.  The 
ff^rmer  method,  however,  could  only 
have  been  practised  over  narrow  streams, 
whilst  tlie  latter  miLdit  have  been  carried 
to  almost  anv  required  extent.  Muns^o 
Park  found  tliis  mode  etnployed  in  Afri- 
ca:  and  in  South  America  ro])e  bridges 
of  bujueo,  or  thontrs  made  iVom  the  hides 
of  oxen,  are  in  tisc  at  the  ]>resent  day. 
Don  Antonio  de  I'lloa  t(;lls  us,  that  over 
some  of  the  rivers  (»f  l\-ru  the  bujueo 
byidifis  are  of  such  dimcii^^ions  that 
lo:i<led  mules  in  droves  i>ass  over  them, 
and  e-pe<i:illy  t)n  the  ri\er  Apurimai*, 
tormini:  the  hi<rh  road  for  the  trade  car- 
ric'l  on  between  I.inui,  ("u/eo,  and  f)tbcr 
pla'-es  to  the  southward.  ThoUirh  such 
oridiTc-^  are  the  comrivance  of  man  in  a 
le>-i  ci\ili/e<l  slate,  they  are  the  only 
means  by  which  many  strcatns  whose 
currents  are  di cj)  and  rajiid  can  Ik' 
ir'-;>i'il;  and  the  stu]iendon>  suspension 
briiL^s  ot"  the  pre-ent  day  are  but  im- 
]'ro\  ciiicnt'^  on  tnc  simiiU-  seheme  of  the 
untutori-.l  archill  ct  ot  a  savjii:e  pt-riod 
and  people. 

The  u-«e  ot"  tlic  arch  in  bnd!_'ii»g  a]>- 
jM  ;,r«<  to  have  been  tir-^l  practically  ap- 
plied by  the  ll<»inan<.  I'lie  Chinese, 
thouL'h  u^^iiiLf  the  areh.  did  ii(»t  make  it 
"■tron_r  en>Mitrh  to  bt:.r  wheel  carriaLf'"^. 
1ji  Kj'yjit  and  India  it  was  unknown,  or 
wa-  not  ;i]>pruMl.  'riicn-  i-^  no  traci"  ol' 
thi-  ardi  in  the  anciiiil  works  ot'IM.cnicia 
and  i\r--ia,  and  e\en  the  (Ireck-^  have  a 
il"r.}iit"ul  claim  to  it.     Over  the  Tiber  the 
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ancient  Romans  built  wooden  btidj^es; 
tuch  waa  that  which  joined  tho  Janicti- 
lam  to  the  Mons  Aventinns,  and  was 
called  the  Pons  Subliciua,  fVom  tho  word 
tuliUca  (atakcfl)  of  which  it  was  formed. 
Without  ennmorating  the  bridges  of 
Rome,  some  of  wliich  arc  still  standing 
to  attest  tho  science  of  their  architects, 
we  must  mention  the  Pons  Norniensis, 
on  the  Flaminian  way,  near  Nami,  and 
about  sixty  milea  from  Rome.  It  was 
built  by  Augustus,  and  vestiges  of  it  re- 
main to  the  present  day,  one  arch  above 
150  feet  span  and  100  feet  high  being 
still  entire.  But  of  works  of  art,  perhaps 
the  most  wonderful  ever  raised  wos  the 
bridge  bnilt  by  Trajan  over  tlie  Danube. 
It  consisted  of'twcuty  piers,  wiiosc  height 
from  their  foundation  was  150  feet,  and 
170  feet  apart;  it8  breadth  being  sixty 
feet.  This  stupendous  work  was  denith- 
lishcd  by  Hadrian,  tho  successor  of  Tra- 
jan, under  the  pretence  that  it  miglit 
servo  as  o  passage  for  the  barbarians^  if 
they  became  masters  of  it;  but  some 
writers  have  said  it  was  through  envy 
of  the  fame  that  attached  to  its  founder. 
Over  the  Togua,  in  Spain,  an  ancient 
Roman  bridge,  near  Alcantara,  is  still 
partly  standing.  It  consisted  of  si.v 
arches  of  eighty  feet  span,  extending  al- 
together 6<.N)  feet  in  lengtli,  and  some  of 
the  arches  200  feet  high  above  the  water. 
Of  the  temporary  bridges  of  the  Romans, 
the  most  famous  was  that  of  timber 
thrown  bv  Caesar  over  the  Rhine. 

From  the  full  of  the  Roman  Empire  to 
the  revival  of  the  arts,  the  history  of 
bridge  architecture  is,  with  the  exception 
of  the  Moorish  works  in  Spain,  ot'uu  in- 
terest. It  appears  from  Gautier,  who 
uses  tho  autliority  of  Mag.  Agrieola  of 
Aix«  that  when  the  arts  began  to  revive 
in  £arope,  an  order  was  founded  by  St. 
Benezet,  under  the  title  of  Brethren  of 
the  Bridge ;  and  that  under  them  was 
besrnn,  in  1176,  the  bridge  at  Avignon, 
or>nsiAtin^  of  eighteen  arches  and  about 
3<Hii»  feet  in  length.  During  the  conten- 
tions of  the  popes,  in  1385,  sonic  of  its 
archcji  were  destroyed,  and  in  1602  three 
others  fell.  In  1670  the  ice  destroyed  all 
but  the  third  pier,  which,  with  tho  Cha- 
i)cl  of  St.  Nicholas  upon  it,  still  remains. 
In  18.54  a  bridge  of  three  arches  was  con- 
stmeted  at  Verona,  the  roadway  sloping 
from  the  city ;  the  largest  of  its  arclies, 
which  are  segmental,  is  160  feet  span  ; 
hut  a  still  larger  arch  was  built  at  Viellc- 
Brioude  in  France,  over  the  AHier,  in 
14.54.  of  nearly  184  feet  span,  which  is  the 
largest  stone  arch  upon  record.    Among 


tho  most  celebrated  bridges  of  Italy,  is 
that  of  the  Rialto  at  Venice,  whose  span 
is  98i  feet.  It  was  begun  in  1588,  and 
finished  in  1591,  fV-om  the  designs  of 
Antonio  dal  Ponte,  though  by  most  au- 
thore  absurdly  attnbutecf  to  iA..  A.  Buo- 
narroti. In  tills  citv  alone  there  are  no 
less  than  889  bridges;  but  tliey  Wtis 
mostly  of  small  spans.  We  must  not 
omit  in  this  place  the  bridge  of  Delia 
Santissima  Trinita,  at  Florence,  by  Am- 
mimati,  which,  as  Milizia  truly  obser^'cs. 
has  not  been  surpassed  since  the  revival 
of  architecture,  it  is  of  three  arches,  the 
middle  one  of  96  and  the  two  side  ones 
86  feet  span,  the  width  of  the  piers  being 
26  feet  9  inches  ;  the  breadth  of  the  car- 
riacre  and  footways  between  the  parapets 
is  88  feet.  It  hiis  been  usual  for  writers 
to  cjill  the  form  of  the  arches  of  this 
bridge  cycloidal ;  but  from  our  own  mea- 
surements and  most  particular  investiga- 
tion, we  can  assert  tnat  they  are  not  of 
that  form.  They  are  very  slightly  pointed, 
after  the  fiushion  of  what  is  called  the  Tu- 
dor arch  of  this  country ;  the  point  at 
the  summit,  which  is  extremely  obtuse, 
being  hidden  by  the  ram's  head  sculp- 
tured on  the  Kcy-atones.  During  the 
two  last  centuries,  the  French  have  ad-, 
vanced  their  bridge  architecture  to  very 
great  perfection ;  but  more  particularly 
in  the  latter  part  of  the  last  century,  in 
which  appeared  Perronct,  the  father  of 
the  moaern  system  of  the  art,  whose 
elegant  designs  have  not  since  been  im- 
proved upoii,  either  in  France  or  in  any 
other  country.  His  is  the  beautiful 
bridge  of  Ncuill  v  over  the  Seine.  It  con- 
sists of  five  arcFics,  each  about  128  feet 
span  and  32  feet  rise  :  it  was  finished  in 
l4 74,  and  remains  a  splendid  monument 
of  the  powers  of  its  architect.  Some  of 
the  more  modern  specimens  of  their 
bridges  do  great  honor  to  the  French 
school,  in  which  beauty  of  form  is  united 
with  sound  engineering. 

In  Kntjland,  the  progress  of  bridge  ar- 
chitecture has  kept  pace  with  that  of  the 
Continent;  and  if  her  bridges  amnot 
boast  the  clejranoe  in  deaiirn  of  her 
lively  neifirhbors,  they  are  fully  equal  to 
them  in  boldness  of  conception  and  exe- 
cution of  the  work.  Indeed,  if  tho  de- 
signs of  the  late  Messrs.  Telford  and 
Kcnnie  had  been  equal  to  their  euffin- 
ecrinj?  skill,  no  country  in  tho  world 
would  have  been  able  to  compete  with 
what  she  would  have  been  ahle  toexliibit. 
And  here  must  not  W.  forgotten  the 
brid<rc  over  tlie  river  Tmif,  near  Llan- 
trissart,    in   Glamorganshire,   celebrated 
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for  its  crreat  span ;  the  work  of  Willinm 
Edwards,  a  country  mason,  in  17o5.  The 
chord  line  is  140  feet,  and  the  versed 
sine  85  feet. 

Of  timber  bridges  the  boldest  and 
most  ingeniously  constructed  was  that  at 
Schaffhausen,  in  Switzerland,  destroyed 
b^he  French  in  17y9.  It  was  designed 
and  executed  by  Grubenman,  a  common 
carpenter,  in  1758.  The  total  length  of 
the  bridge  was  364  feet,  but  it  wiu*  re- 
lieved by  a  pier  in  the  middle  of  the 
river. 

This  countn'  has  some  of  the  gnindest 
specimens  of  timber  bndjze«  in  the  world. 
The  Colossal  bridge  over  the  Schuylkill, 
at  Philadelphia  (since  burnt)  was  34o 
feet  spun,  with  a  rise  of  only  'JO  feet,  and 
the  thickness  of  the  tin»l>cr  at  the  vertex 
only  7  feet.  That  at  Piscatiujua,  over 
the  river  of  same  name,  has  a  span  of 
2.')0  feet,  and  a  rise  of  ti7,  built  in  17'J4  by 
Tailmer. 

The  britigc  of  the  Kennebec  and  Port- 
land Kailroa<i,  over  the  An(lrosco;ri:in 
River  at  Topsham,  is  one  of  the  larircstand 
most  sulxstantial  structures  of  t lie  kind  in 
the  United  States.  It  is  a  deck  bridire, 
the  upright  posts  and  rods  ix-ini,'  aixnit 
18  feet  from  tlie  lower  to  the  upper  deck. 
One  of  them  reaching  from  centre  to  cen- 
tre of  the  piers,  is  one  hundred  and 
eighty  feet.  The  piers  are  of  granite 
laid  in  the  most  durable  inaiiner.  Tlie 
whole  length  of  tlie  bridi^o  is  over  scviii 
hundred  feet.  The  track  of  the  road 
along  the  upper  deck  will  be  about  fit'ty 
feet  above  tide  water.  The  lar^'c  lower 
and  upriglit  tiinber-*,  and  tlie  iron  work, 
tojfethcr  with  the  X  work  betwrcii  de<k>, 
give  the  brid^'e  an  ajtj»earaiu'e  oi'  strength 
and  solidity  suiriejeiit  for  any  weiiriit. 

iSuspcnsion  bridifes  di;rive  their  chief 
value  from  the  fa<'t  of  their  independence 
of  the  bed  of  the  river.  Ilcii«'e  thcv 
may  be  used  where  it  is  iiMi)o>-iil.lc  froi'ii 
the  force  of  the  current  or  the  iiltitudc  of 
the  banks  to  erect  centreiiiL'"  for  a  ^tone 
bridu'o.  They  are  built  uiih  e.ise  and 
expedition,  and  are  econoinii-il.  The 
celebrated  suspension  bridge  over  the 
Menai  Strait,  by  the  late  Mr.  Tcltord. 
is  almost  the  ^iant  of  its  speeii->,  and 
renders  unnecessary  any  rinnnfrution 
of  others.  It  consists  ot"  one  opcniiiiT  of 
r)*tO  feet  between  the  points  ot  >n-^i»in- 
sion,  the  liei'.dit  between  hi.rli  water  and 
the  under  side  of  the  ro;id\v:iy  l»cinir  loi) 
fei't.  The  |)latt''rni  is  ;'.o  !'••(  t  in  hre.idth. 
The  whole  is  >u>j)ended  iVoin  u^nv  line-' 
of  stroniT  iron  cal>!c.-i  by  perpendicular 
rods  .')  feet  apart.     Un  the  tops  of  the  pil- 


lars tho  cables  pass  over  iron  rollers,  and 
are  fixed  under  ground  to  iron  frames, 
which  are  retained  in  their  places  by  ma^ 
sonry.  The  weight  of  the  whole  bridge 
between  the  points  of  suspension  is  4.H9 
tons.  In  suspension  bridges  it  has  been 
found  that  the  most  trj'ing  circumstances 
under  which  they  can  be  placed,  as  af- 
fecting the  stability  of  their  equilibrium, 
is  the  heavy  and  measured  tread  of  a  long 
line  of  infantry,  whose  feet  drop  at  the 
same  instant  of  time. 

The  wire  suspension  bridge  at  Whcel- 
iner,  Va.,  over  tne  Ohio,  has  been  com- 
pleted by  Charles  Ellett,  Jr.,  Architect. 
The  flooring  is  supported  by  12  cables  of 
iron,  each  cable  4  inches  in  diameter, 
composed  of  550  strands  of  No.  10  wire, 
and  is  1,8S0  feet  long  ;  and  from  centre 
to  centre  of  the  abutments,  the  flooring 
is  1,01<»  tcet  long,  24  feet  wide,  with  two 
loot-ways,  each  J3j  feet,  and  an  interme- 
diate earriaire-way  17  feet  wide.  The 
cables  rest  on  iron  rollers,  placed  on  the 
sunnnits  of  the  towers,  the  movements 
of  which  will  relieve  the  towers  of  the 
strain,  and  are  anchored  into  the  heavy 
masonry  of  the  wiuLf  walls  at  each  end  of 
the  bridu'c.  The  length  of  the  wood- 
work which  rests  on  the  cables  is  960 
feet ;  its  weiL'ht  540  lbs.  per  lineal  foot, 
or  5'J4.1<)«>  j)ounds  of  2»j2  tons  in  tho 
whole.  The  wi-ii^ht  of  ciich  lineal  foot 
of  the  \2  cables,  composed  of  6,«io0 
strands,  is  ?,:U)  pounds,  making,  with  the 
weiidit  of  timber,  bolts,  eastintrs,  sus- 
]-ve!i.lcrs,  tV:<'.,  '.«'J'»  lbs.  per  lineal  toot,  or 
441  tons  as  the  permanent  weiL'ht  of  the 
liridLfe  it-^elt".  Above  its  own  weiirht  the 
bridiTc  is  c<>n>«tructed  to  sup]>ort  the 
irreatest  tran^itor}-  weiirht  that  is  ever 
likely  to  be,  or  we  may  say,  can  ]ii>ssibly 
l>e  bro.iirht  upon  it.  such  as  two  columns 
of  teams,  and  the  si<les  loaded  with  men, 
so  as  to  wciLdi.  jointly.  'j.\u  tons,  or  the 
averaiTC  wciirht  of  4.ooo  men,  and  the 
>rrcM::th  <'f  the  brid^'*'  is  calculated  to 
suj'port  three  times  t.le  amount  «»f  ten- 
sion that  e\er  can  be  brout^'-ht  to  bear 
upon  it.  This  l.ri.lue  will  no  «loubt  la-^t 
lotiu  as  a  luoiniineiit  of  American  skill 
and  enterprise. 

The  wire  suspension  1)ridLrc  erected 
across  the  <  "undxTlanil  Kiver  at  Na-h- 
ville  has  the  t'ollowinLT  mcasureinenl>. 
The  leii'jlh  ot'tlic  bridi:''  is  ••'^'■>  I'ci't,  and 
the  whole  leiiL'th  of  the  briilefc  and  em- 
bankment 1. '.'."•;  t'eet.  AVidlh  of  supi-r- 
strneturc.  'is  t',.,.t  ;  »Mrri:iL'c  way,  L'o ;  t\\!> 
foot\\a\>.  eaeli  4  te«t.  The  bri-iLTC  will 
span  the  ( 'uniiterlaTid  rtpposlte  ihe  >onth- 
ea>t   cornel   o\'  the  public  s-piarc  of  tho 
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dtr,  at  ■»  elcvBtiol]  of  110  fbet  above 
low  water,  ovur  tbo  nuiiii  Btenmbout 
chtnnel.  Base  of  pier,  60  bj  20  fi 
■olid  muoQ  work;  uioliorage,  60  bj 
□D  tUe  north  aiJe;  nolid  liiueatone  i 
on  tlie  eouth  nkU.  Tlicro  arc  to  be 
cables,    eacli    cable    oompoacd    of    200 


b  wlra  t««Icd 


f  No.  li) 

500  lb».      Tbe  w1      . 
QUculuIcd  to  brar  a  iTcij;bt  of  4,$oO,0(X> 

niflvcQt  atrncture  is  eBtlmatcd  at  but 
tlO»,i'00,  tlioo^li  tbc  Wheeling  Bridge, 
lUlti  Icet  lon^,  cost  t^SR.'XH}. 

Tbc  wire  auHpcnsiou  brid^  over  tha 
Niaifara  River  i»  Ihe  ]argi.>»I  of  its  kind 
in  the  world.  It  ia  built  over  Ibe  river 
11  milea  below  the  Falla.  and  directl;' 


and  M  a  point  100  feet  in  thmr  rear  tha 
imnienBe  wiro  cables  which  auatatn  the 
bridpo  are  finnly  necunid.  These  strands 
posd  ttom  their  ihatenings  immcdialel; 
over  the  top  of  tbo  tower  npon  either 
cliff;  they  puifH  tbenee  acroas  the  chasm, 
and  then  over  the  top  of  the  toveron 
the  opposite  cliff,  in  the  rear  or  which 
the  cnaa  are  fuslenod  in  tbe  rock.  It  is 
lOli-ct  wide,  and  a  temporary  path  of  wire 
niid  slats  of  wood  has  been  coDStrucled 
on  each  side  Tbe  flooring  is  composed 
of  liyht  planks  resting  upon  tt  -'-  ■— ■ 


«  &stened. 


Mr.  ijlett  is  the  ar 

Mr.  Pred^e,  of  Bath,  England,  build* 
his  suspcnuiun  bridge  on  s  vei>  improved 
plan,  in  which  Ij^rs  connected  the  road- 
way to  the  catenary  chain,  are  not  verti' 
col,  us  in  utiier  sutpenslon  bridicea,  'but 
are  nuido  by  him  (u  tiasa  obliquely  from 


)b  the  mt,  where  C  reiiretents  the  cen-  I  tniwr  off 
tre.  B  the  tnwrr,  and  E  tbe  platfnnn ;  ff    where  tb< 


>  tlie  cen-  |  tawr  on  to  llic  middle  of  the  bridee, 
Btfonn;  ff  where  tbe  alraiii  is  least.  Mr.  Drediie 
nduucc  <iu  I  hail  erected  In  Enitluiid,  Ireland,  and 
streiiiclh- I  Seotluiul,  luuliy  bridges  on  Ihia  plan, 
'  Vli  are  modela  of  ehcnpueas,  beanty. 


ii-h  uppea™  to  be  tiie  simplei't  as  jet 
liifncd.   and   is  renmrkalily  rbvan  in 
n-irtdlon,  accordinir  to  the  Icnpfth  of  '  si[Uar 
in,      M.Ni.'h.  ..f  iiin  l,ri<lBe  iiave  lienu  1  an  Ini 
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of  BOTenl  pieces  of  whiW  pino  joined  4i 
getherbf Hscarfejoiat;  tlieircndB,irht 

,...  ioi{le,andt 

.  .Tench  other,  and  «ttiu;hi._  ....  „._., 
BO  that  when  united,  ench  atringer  ap- 
UBsrato  be  ■  continuoiu  and  single  piece. 
Theaa  joinlin([s  are  lo  nmiupcd  as  tliat 
onLv  one  of  them  everoecim  m  the  same 
id  tliey  are 
iped,  hut  de}>end 
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Each  of  tlieee  atrin^re  linvc  about  nine 
feet  bearing  on  the  nbiitmCDt-i  or  eiispcn- 
Bion  piera^  to  wliich  the)'  are  flrjulj  st- 
tiicbed  by  iron  bolts. 

At  New  OrlennH,  Mr.  R.  cxiiibited  B 
model,  eitlenttinir"  across  a  space  of  n'me- 
ty-six  tbct,  and  elevuced  some  ten  feet  (ram 
the  floor.  Its  oppcaninco  is  so  fniBUc, 
that  few  inon,  juil^lnc  from  IhU  dona, 
would  wlllinglj  trust  themselves  npnn  It, 

fet  plenty    luk  ov  r  it  oud    i  n  1  o    *t 
haa  g\  pcrtcri!  cue 


bnt  proved  to  be  capable  of  bearing  al- 
most any  anioant  of  weiiflit  that  cac  bo 
placed  upon  il.  Hundreds  of  pconlA 
crosaed  it  on  the  day  it  was  n|>ened,  who 
were  completely  convinced  of  ils  strenglh. 
Its  strength  is  due  to  the  fiict  that  Iho 
fibre'  of  the  slrijigeTB  are  not  enbicet  lo 


leof 


being  excrled  inthe  direction 

lenctth  of  the  fibre.    Each  end  of 

itringcrs  is  firmly  bolted  down 

',,  and  any  weight  being 


laid  upon  them  betwi , 

causes  iiut  the  same  tension  of  the  fibres 
as  in  the  case  of  an  allcmpt  lo  break  a 
walliing-sliek  by  drawing  it  apart,  while 
lioldini:  tlie  ends. 

WiebikinB  alatca  thai  a  rise  of  1  In  U 
is  a  convenient  ascent  for  a  hridije.  In 
timber  bridges  the  Mttlemont  ia  f  in  7S  i 


thimcd  it  will  setlln  ac 


'  to  he  horizon 


«"£. 
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6  inchM  high,  8  feet  wide,  and  weigh  SO 
ton*.  Two  thooBand  cnbic  feet  of  Btone 
were  required  for  each  lion.  The  totiil 
qoantity  of  stone  in  the  bridge  is  1,400,Ck)0 
cnbic  feet.  The  weight  of  mnlleablc  iron 
in  the  tubes  is  10,(XK)  tons,  of  c««t  iron, 
1,400  tons.  The  whole  length  of  the  en- 
tire bridge,  measuring  from  the  extreme 
front  of  the  wing  walls,  is  1,833  feet,  and 
its  greatest  elevation  at  Britannia  pier, 
240  feet  above  low-water  mark.  The 
total  cost  of  the  structure  is  £601,865. 

The  following  observations  refer  to  the 
arrangement  of  ports  in  ordinary  bridg- 
ing: 

In  the  building  of  bridges,  where  piers 
arc  required  in  tne  stream  for  the  snpnort 
of  the  arches,  it  is  important  to  place 
them  as  nearly  as  possible  at  right  angles 
to  the  stream  or  current ;  and  the  piers 
should  be  made  convex  towards  the 
stream,  for  their  better  resistance  to 
floods.  The  position  of  n  bridge,  more- 
over, should  not  be  in  a  narrow  part,  nor 
one  liable  to  swell  with  tides  or  floods, 
inasmuch  as  the  contraction  of  the  water- 
way increases  the  depth  and  velocity  of 
the  current,  and  may  thus  endanger  the 
navigation  as  well  as  the  brid;rc  itself.  It 
is  usoal  to  constnict  bridsrcs  witli  an  odd 
number  of  arches,  ond  this  on  sovenil  ac- 
counts :  among  which  are,  that  the  stream 
being  usually  most  powerful  in  the  mid- 
dle, an  egress  through  that  part  is  best 
provided  for  by  having  a  central  arch  ; 
and  again,  if  the  bridjre  be  not  perfeotly 
horizontal,  symmetry  is  gained  by  rising 
from  the  sides  to  the  centre,  and  the 
whole  roadway  may  be  made  one  con- 
tinned  curve.  When  a  bridfre  is  equally 
liiirh  throughout,  much  savin?  ot  cen- 
trinvr  is  made,  because  the  arolics  heiiiff  all 
eijual,  two  sets  of  centres  will  be  sutticient. 
It.  however,  the  bridcrc  be  hii:lier  in  the 
mid<lle  than  at  the  extremities,  tlie  .nrches 
on  each  side  the  centre  one  must  dimin- 
bh  similarly,  so  as  to  be  respectively 
symmetrical ;  and  by  this  arranircinent 
iK-auty  is  gaintKi,  and  the  eentrintf  for 
one  side  equally  suits  the  other.  It  is  de- 
sirable to  construct  a  bridge  with  as  few 
arohes  as  circumstances  will  allow,  that 
there  may  be  a  free  passage  for  the  water, 
M  well  as  for  the  vessels  tha  have  to  pass 
up  and  down,  not  to  mention  the  saviner 
or  materijUs  and  labor  where  there  arc 
fewer  piers  and  centres.  When  a  sinde 
arch  can  be  compassed,  no  more  should 
be  permitted-  The  piers  should  ho  of 
tufl^cient  solidity  to  resist  the  thrti^t  or 
push  of  the  arch,  independent  ot"  other 
arches,  so  tliat  tde  centring  of  an  anh 

3» 


may  be  struck  without  danger  of  over- 
tnming  the  pier  left  naked ;  and  the  piers 
should  also  be  spread  as  much  as  possible 
on  the  bases,  and  diminish  gradually  up- 
wards from  their  foundations.  The  me- 
thod of  layini^  the  foundations  in  a  river 
is  now  usually  h^  means  of  coffer-dams, 
which  are  lai^e  indosnres,  made  by  pil- 
ing round  the  spiice  to  be  occupied  by  the 
pier,  so  as  to  render  it  water-tiffht,  atfd 
then  pumping  out  the  water^  and  Keeping 
the  space  dry  till  the  pier  is  built  iip  to 
the  ordinarj'  level  of  the  water;  but  if^the 
ground  about  be  loose,  this  method  can- 
not be  well  practised,  and  recourse  is  had 
to  caissons,  which  are  a  species  of  flat- 
bottomed  boat,  in  which  the  pier  is  built 
up  to  a  certain  height,  and  then  sunk 
over  the  place  where  it  is  intended  to  re- 
main, the  bed  of  the  river  being  dredged 
out  to  receive  it,  or  piles  driven  on  which 
it  may  lodge  when  tlie  sides  of  the  chest 
or  caisson  are  knocked  away.  In  con- 
structing the  centres,  great  care  must  be 
taken  to  make  them  incapable  of  bending 
or  swerving  while  the  arch  is  being 
turned,  otherwise  the  form  of  the  arch 
will  1m?  crippled. 

BKIMSTOXK.    (S€e  SuLpnm.) 

BKINE.     (.WSalt.) 

BRITISH  GUM.  When  starch  is  ex- 
T>c>sed  to  a  teni|X'raturc  of  about  OCmi^,  it 
Dccomes  of  a  brownish  color,  and  so  far 
altered  in  its  chemical  character  as  no 
lonirer  to  tbnn  a  blue  color  with  iodine: 
it  is  also  soluhle  in  cold  water.  In  this 
state  it  is  used,  under  the  above  name, 
by  calico  printers. 

BKOMINK.  (Gr.  (ipoi^o^,  a  strong 
Oii/pr.)  An  undeoonipounrled  substance, 
discovered  in  18t.'0  by  M.  Balard  of  Mont- 
pelier.  In  its  general  chemical  habitudes 
it  much  resembles  chlorine  and  iorline, 
and  is  {renerally  associated  with  them.  It 
exists,  but  in  very  minute  quantities,  in 
sea-water,  and  in  the  ashes  of  ninrinc 
plants.  It  is  usually  extracted  from  hit- 
tern  by  the  a<rency  of  ehloriue.  At  com- 
mon temperatures  it  is  a  very  dark  rc<l- 
dish  liquid,  of  a  powerful  aiiJ  siilT'»cating 
fnlor,  an<l  emittmtj  re<l  vjq.or.  Its  hj»c- 
ciflc  trravity  is  about  ?>.  It  b^lh  nt  118°, 
and  conL'eals  at  4\  Tlic  density  ot'  its 
vapor  is  r»-5 ;  loo  cubic  induHat  mean 
temperature  and  pressure  weiL'hinLT  l»>7"i.'r) 
ifniiiis.  It  is  an  e!cctr(»-ii»'.rative  ;  it  has 
bleachini:  powers,  and  it  is  \crv  p<«i-on- 
oiis.  Its  equivalent  nunilK-r  i<  al>"Ut  7s  ; 
it  cotubincs  with  li\  di  nfr.n  to  t'<>r»  i  h./,lro~ 
hrt'tiii<:  n<  i'l  <j<n*,  l<t'i  <  ubic  inelii  s  ol"  which 
wciirh  '^4-7  il'rain-.  With  -■w^'-cii  it  l'.«rnis 
the  hrornic   lu'ul.       Its  conil.lnations  are 
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termed  bromides  ;  they  have  not  hitherto 
been  applied  to  any  nse,  but  some  of 
them  are  probably  possessed  of  powerful 
medical  qualities. 

In  this  country  bromine  is  obtained 
from  the  mother  waters  of  the  Salt 
SpriniTs  in  the  Valley  of  the  Mississippi. 
Its  chief  use  is  in  daguerreotyping,  as  an 
accelerator,  to  coat  the  silver  plate,  and 
ai"d  the  iodine  in  producing  the  image  in 
a  shorter  period. 

BRONZE.  A  material  used  for  casting 
statues,  groups,  <fec.,  in  a  mould  similar 
in  principle  to  that  whcrefrom  all  plaster 
casts  arc  produced.  From  the  extraordi- 
nary dimensions  which  involve  the  ciiicf 
differences  between  the  operations  of  cast- 
ing in  brivss  and  plaster,  much  intelligence 
and  care  on  the  part  of  the  sculptor  is 
necessary  to  produce  the  fnc-siniilc  of  the 
work  on  which  his  labor  has  been  expen- 
ded. The  material  emploved  for  the  pur- 
pose is  a  compound  chicliy  consisting  of 
copper,  tin,  and  otiicr  metals.  The  pro- 
cess of  procuring  the  c^st  depends  on 
circumstances  requiring  much  nice  ar- 
rangement. 

Bronze  is  a  compound  metal,  consisting 
of  copper  and  tin,  to  which  sometimes  a 
little  zinc  and  lead  are  added.  The  alloy 
is  much  harder  than  copper,  and  was  oni- 

f)loyed  by  the  ancients  to  make  swords, 
latchcts,  <fec.,  before  the  method  of  ma- 
king iron  was  understood.  Tlie  art  of 
casting  bronze  statues  may  be  traced  to 
the  most  remote  antiquity :  hut  it  was 
first  brought  to  a  certain  <k-irrcc  of  re- 
finement by  Thcodorus  and  Krccus  of 
f>arnos  about  7<Hi  yearn  before  the  Chris- 
tian era, to  whom  the  invcntioncif  model- 
ling  is  ascribed  by  riiny.  The  aiuients 
were  well  aware  that  by  coiDbininur  cop- 
per with  tin  a  mon;  t'ii-*ii)le  metal  was 
obtained,  tliat  the  process  of  castiiij/  was 
therefore  rcnderca  easier,  and  that  the 
Btatue  wa**  harder  and  m-'iv  durable:  and 
yet  they  fn-quently  made  tiiem  of  cop- 
per nearly  pure,  because  they  ]v»ssesscd 
no  means  of  delermininLr  thej.roportioiis 
of  their  alloy,  an<l  because  by  tiuir  m<'de 
of  mauMtrini;  the  tire,  the  ctMii)er  In-cjune 
retined  in  the  course  of  melting,  as  has 
hnppened  to  many  fonii'lcrs  in  uur  own 
days.  It  was  durinij  the  reiirn  of  Alex- 
ander that  bronze  statuary  received  its 
greatest  extension,  when  the  celebrated 
arti>ts  Lysi|>]«us  succeeded  by  new  ]>ro- 
cesses  of  u»<>iil,ling  and  meltinir  to  luulti- 
y>Iy  L'rou|'S  of  t^tatues  to  such  u  ileL'rce 
that  I'liny  e.illed  them  thi^  ni"!*  <>f  Alex- 
ander. Soon  afterwartls  enormous  broiizi- 
colossnses    wen-    made  to   the    lieiirht  of 


towers,  of  which  the  isle  of  Khodes  po»< 
sesBcd  no  less  than  one  hundred. 

The  Koman  consul  Mutianns  found 
3,(M.>0  bronze  t»tatues  at  Athen«s  3,0<)0  at 
Rhodes,  as  many  at  Olyinpia  and  at  Del- 
phi, although  a  great  number  had  been 
previously  carried  off  from  the  last  town. 

In  forming  such  statues  the  alloy  should 
be  ca[>able  of  flowing  readily  into  all  the 
parts  of  the  mould,  however  minute ;  it 
should  be  hard,  in  order  to  resist  acci- 
dental blows,  be  proof  against  the  influ- 
ence of  the  weather,  and  be  of  such  a  na- 
ture as  to  acquire  that  greenish  oxidized 
coat  upon  the  surface  which  is  so  much 
admired  in  the  antique  bronze.  The 
chemical  composition  of  the  bronze  alloy 
is  a  matter  therctbre  of  the  first  moment. 
The  brothers  Keller,  celebrated  founders 
in  the  time  of  Louis  the  Fourteenth, 
whose  cJufff  tVancre  are  well  known,  di- 
rected their  attention  towards  this  point, 
to  which  too  little  iinportance  is  attached 
at  the  present  day.  Tiie  statue  of  Desaix, 
in  the  Place  Vendome  in  Paris,  is  a  noted 
specimen  of  most  defective  workman- 
sni[>  from  mismanagement  of  the  alloys 
of  which  it  is  composed. 

On  analyzinfr  separately  specimens  ta- 
ken from  the  bas-reliefs  of  the  pedestal 
of  this  column,  from  the  shaft,  and  from 
tlie  capital,  it  was  found  that  the  first 
contained  only  6  per  cent,  of  the  alloy, 
and  94  of  cop|»cr,  the  second  much  less, 
and  the  third  only  0-21.  It  was  thei-e- 
tore  obvious  that  the  founder,  unskilful 
in  tlic  melting  of  bronze,  had  gone  on 
proirre.-^sively  refining  his  alloy  by  the 
oxi<lizement  of  the  tin,  till  he  had  ex- 
hausted the  copper,  and  that  he  had  then 
worked  up  the  scoria  in  the  upper  part  of 
the  column.  The  moulding  ot  the  seve- 
ral Ins-reliefs  was  so  ill-exoeuted  that  the 
chisellers  employed  to  repair  the  faults, 
removed  no  le>s  than  70  tons  of  bronze, 
which  was  given  them,  besides  300,oi.>0 
francs  for  their  work. 

The  alloy  most  j»ropor  for  bronze  med- 
als, w  liicli  are  to  be  afterwards  struck,  is 
composecl  of  from  8  to  12  parts  of  tin, 
aii'l  iVom  '.•2  to  ss  of  cop]ter;  to  which  it 
'1  or  n  ])arts  in  the  hundred  f»f  zinc  be 
ailded,  they  will  nud<e  it  assume  a  finer 
brou/e  tint.  The  medal  should  be  sul>- 
jeetcd  to  three  or  t<'ur  sucees>ive  staiu}>s 
of  the  ].r(  -s.  and  be  sot"tened  lietween 
each  I'low  by  being  heated  and  plunu'ed 
ill  <"'ld  \\';iter. 

/;.  /'-.I/.  /.'/.  The  bronze  of  bells,  or  boll 
metal.  i-<  i-oiiip<,>f,l  in  loo  parts  (A"t'>  eop- 
jur  aii'l-JL'  till.  This  allovhasa  tine  eom- 
]'act  Lorain;  is  very  I'usibie  and  sonori»us. 
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The  other  metaltt  sometimes  added  are  ra- 
ther prejudicial,  and  merely  increase  the 
E refit  of  the  foanders.  Some  of  the  £ng- 
sh  bells  consist  of  80  copper,  10*1  tin,  5*6 
BDC,  and  4*3  lead ;  the  latter  metal,  when 
in  such  large  quantity,  is  ant  to  cause  in- 
sulated drops,  hurtful  to  the  uniformity 
of  the  alloy.  A  little  phosphorus  is  some- 
times added  with  advanti^e. 

The  Chinese  gongs  are  composed  of  78 
parts  copper,  and  22  parts  tin.  This  alloy 
when  newly  cast  is  as  brittle  as  glass,  but 
by  being  plunged  at  a  cherrv-red  heat 
into  cold  water,  and  confined  between 
two  discs  of  iron  to  keep  it  in  shape,  it 
becomes  tough  and  malleable.  The  Chi- 
nese cymbals  consist  of  80  parts  copper 
and  20  parts  tin. 

Common  Metal  consists  of  about  90  or 
91  copper,  and  0  or  10  of  tin.  Never  less 
than  8  or  more  than  11  parts  of  tin  in  the 
100  should  be  employeo. 

Sperulum  Mtt<it,  One  part  of  tin  and 
two  parts  (or  more  exactly  100  parts  tin 
and  215  parts  copper)  form  the  ordinary 
speculum  metal  of  reflecting  telescopes, 
which  is  of  all  the  alloys  the  whitest,  the 
most  brilliant,  the  hardest,  and  the  most 
brittle.  The  alloy  of  1  part  tin  and  10  of 
copt^er,  iathestrongestofthe  whole  series. 

Tne  oronzc  founder  ought  to  melt  his 
metals  rapidly,  in  order  to  prevent  tlic 
loss  of  tin,  zinc,  and  lead,  by  their  oxi- 
dizement.  Reverberatory  furnaces  have 
been  long  used  for  this  operation,  the 
best  being  of  an  elliptical  form.  The  fur- 
naces with  dome  tops  are  emDloyed  by 
bell  founders,  because  their  wloy  being 
more  fusible,  they  do  not  require  so  in- 
tense a  heat ;  but  they  also  would  find  an 
advantage  in  using  a  more  rapid  mode  of 
fusion.  The  surface  of  the  melting  met- 
als should  be  covered  with  small  clmreoul 
or  coke,  and  when  the  zinc  is  added  it 
should  be  dexterously  thrust  to  the  bot- 
tom of  the  melted  copper.  Immediately 
after  stirring  the  melted  mass  so  us  to  in- 
corporate the  iufirredients,  it  should  he 
poured  out  into  the  moulds.  In  trcneral 
the  metals  most  easily  altered  by  the  fire, 
as  the  tin,  should  be  put  in  last.  The 
ccating  should  bo  as  quick  as  possible  in 
the  moulds  to  prevent  the  mctiUs  separa- 
ting from  each  other  in  the  order  of  their 
destinv,  as  thev  are  very  apt  to  do  so. 
The  addition  of  a  little  iron  m  the  form  of 
tin-plate,  to  bronxe  is  reckoned  to  be  ad- 
vanta^reous. 

Bronzing  (of  OhUcU  in  Imitation,  of 
Mtiallic  Bronze).  Plaster  of  Paris,  paper, 
wood,  and  pasteboard,  may  be  made  to 
resemble  pretty  closely  the  appearance  of 


articles  of  real  bronxe,  modern  or  an- 
tique.  The  simplest  way  of  giving  a 
brilliant  aspect  or  this  kind  is  with  a  var- 
nish made  of  the  waste  gold  leaf  of  the 
beater,  ground  up  on  a  porphyry  slab 
with  noney  or  ^um-water.  A  coat  of 
drying  Unseed-oil  should  be  first  ap- 
plied, and  then  the  metallic  powder  put 
on  with  a  linen  dossil.  Mosaic  gold 
ground  up  with  six  parts  of  bone-ashes 
has  been  used  in  the  same  way.  When 
it  is  to  be  put  on  paper,  it  should  be 
ground  up  alone  with  white  of  eggs  or 
spirit  varnish,  applied  with  a  brusfi,  and 
burnished  when  dry.  When  a  plate  of 
iron  is  plunged  into  a  hot  solution  of  sul- 
phate of  copper,  it  throws  down  fine 
scales  of  copper,  which  being  repeatedlv 
washed  witti  water,  and  ground  along  with 
six  times  its  weight  of  bone-ashes,  forms 
a  tolerable  bronze. 

Powdered  and  sifted  tin  may  be  mixed 
with  a  clear  solution  of  isinglass,  applied 
with  a  brush,  and  burnished  or  not,  ac- 
cording as  a  bright  or  dead  surface  is  de- 
sired. G  vpsuiu  casts  are  commonly  bron- 
zed by  ruboing  brilliant  black-lead,  gra- 
phit^^  upon  them  with  a  cloth  or  brush. 
Keal  bronze  long  exposed  to  the  air  gets 
covered  with  a  thin  film  of  carbonate  of 
copper,  called  by  virtuosi  antique  cerugo 
( paiine  antique^  *Fr).  This  may  be  imita- 
ted in  a  certain  degree  by  several  appli- 
cations skilfully  miule.  'the  new  bronze 
being  turned  or  filed  into  a  bright  surface, 
and  rubbed  over  with  dilute  acquafortis 
by  a  linen  rag  or  brush,  will  become  at 
first  grayish,  and  afterwards  take  a  green- 
ish blue  tint:  or  we  may  pass  repeatedly 
over  the  surface  a  liquor  composed  of  1 
part  sal  ammoniac,  three  parts  of  carbo- 
nate of  potash,  and  6  or  sea  salt,  dis- 
solved in  12  parts  of  boiling  water,  to 
which  8  parts  of  nitrate  of  copper  are  to 
be  added ;  the  tint  thereby  produced  is 
at  first  unequal  and  crude,  but  it  becomes 
n\orc  uniform  and  softer  l)ytimc.  A  fine 
(jreen-hlue  bronze  may  be  obtained  with 
very  strong  watcrof  ammonia  alone,  ruh- 
bini  it  at  intervals  several  times  upon  the 
metal. 

The  base  of  most  of  the  secret  compo- 
sitions for  giving  the  antique  appearance 
is  vincffor  with  sal  ammoniac.  Skilful 
workmen  use  a  solution  of  2  ounces  of 
that  salt  in  an  Encrlish  quart  of  French 
vinegar.  Another  compound  which  givos^ 
good  results  is  made  witli  an  ounce  of 
sal  ammoniac,  an<l  a  quarter  of  an  ounce 
of  salt  of  sorrel  (binoxalate  of  potash  ),<lis- 
solved  in  vinegar.  One  eminent  Parisian 
sculptor  makes  use  of  a  mixture  of  half  an 
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oance  of  mI  ammoniac,  half  an  ounce  of  | 
salt,  an  ounce  of  spirits  of  hartehornf  and 
an  English  quart  of  vinegar.  A  i^ood  re-  , 
Bult  will  also  be  obtained  by  admng  half 
an  ounce  of  sal  ammoniac,  instead  of  the 
spirits  of  hartshorn.  The  piece  of  metal 
Ming  well  cleaned,  is  to  be  rubbed  with 
one  of  these  solutions,  and  then  dried  by 
friction  with  a  fresh  brush.  If  the  hue 
be  found  too  pnle  at  the  end  of  two  or 
three  days,  the  operation  may  be  repeated. 
It  is  found  to  be  more  advantageous  to 
operate  in  the  sunshine  than  in  the  shade. 

In  bronzing  plaster  figures  a  cement 
may  be  used  or  not ;  if  used,  the  bronz- 
ing will  be  more  durable,  the  powders 
are  mixed  with  strong  gum  water  or  isin- 
glass, and  laid  on  with  a  pencil.  The  sub- 
ject may  be  covered  with  gold-size  dilu- 
ted with  turpentine,  and  when  nearly 
dry  rubbed  with  a  piece  of  soft  leather. 

Coins  of  copper  and  medals  may  be 
bronzed  thus  : — Dissolve  in  vinegar  2 
parts  of  verdigris  and  1  part  sal  ammoniac. 
Boil,  skim^  and  dilute  the  solution  with 
water  until  it  ceases  to  let  fall  a  white 
precipitate.  The  solution  is  then  boiled 
and  poured  upon  t)ic  objects  to  be  bron- 
zed, previously  made  perfectly  clean  and 
fVee  from  grease,  the  articles  are  then 
waslied  and  dried. 

A  deposit  of  brass  or  bronze  may  be 
thrown  on  objects  by  the  electrotype  i>ro- 
cess,  by  employing  a  solution  of  .V>o  parts 
carbonate  of  potash,  20  parts  chloride  of 
copper,  40  parts  sulphate  zinc,  2.'»0  parts 
nitrate  of  ammonia. 

For  bronzing,  a  salt  of  tin  is  substitu- 
ted for  the  zinc  salt.  By  this  solnlion, 
iron,  cast  iron,  steel,  h-ad,  zinc,  tin  or 
their  olloya  are  t-asily,  coat  id  with  bras^^  or 
bronze,  by  placing  tin*  article  in  contact 
with  the  ncfrativt-  pole  of  a  HiUi^fii  bat- 
tery, and  a  plate  oi  bronze  or  bra>?  u.-H'd 
as  a  ]>oHitivc  ]>ole. 

BRrXSWICK  ORKKX.  A  pi-tncnt 
obtaine<l  }»y  exposinif  metallic  cojtpcr  to 
the  action  of  nuiriatc  of  annnoniii.  It  is 
a  compound  of  chloride  and  oxide  of  oc^p- 
per.  It  is  also  crciurated  by  tin-  action 
of  sea  water  upon  c«>pp(  r.  as  jji  the  urccn 
matter  which  nicrustis  the  copper  slicath- 
iuLT  of  shijis. 

BrDKldOHT.     (>V.  CJas.. 

BUHKTTK.  An  instriiiii<nt  ocensjon- 
ollv  used  in  the  cheniicnl  laboratory,  and 
in  the  a^say  f>t]ice.  for  the  jmrpo^c  of 
rlividinff  a  privm  ]>ortion  of  any  Ii>jui<l 
into  loo  <»r  looo  criual  parts. 

RUoYS.  Vcssils  I'ornicd  of  w<^)rMl, 
cork,  or  some  liirlit  substati' c  moored  or 
anchored   so  as   to  lloat    oscr   a   certain 


spot,  in  order  to  indicate  the  situation  of 
a  shoal  or  aand-bank,  and  mark  out  the 
course  a  ship  is  to  follow.  When  used 
for  this  purpose^  buoys  are  usually  close 
vessels  m  the  form  of  a  cone,  of  large 
dimensions,  in  order  that  they  may  be 
seen  fW)m  a  distance;  and  generally 
painted  of  some  particular  color,  in  order 
that  they  may  oe  more  readily  distin- 
guished iVom  one  another.  Private  buoys 
are  used  for  the  purpose  of  indicating 
the  situation  of  ships  onchors  (to  which 
they  are  fastened  by  a  rope),  in  order 
that  the  ship  may  be  prevented  from 
running  foul  of  the  anchor.,  and  that  the 
anchor  and  cable  may  be  recovered  when 
the  latter  happens  to  be  broken,  or  has 
been  cut. 

BUTTER.  The  oil  or  fat  of  milk.  The 
light  matters  suspended  in  milk  seporatc 
in  the  form  of  cream,  and  this  crenin  by 
chuniinij  becomes  separated  into  butter 
and  buttennilk.  I>unng  this  process  the 
temperature  of  the  cream  is  slij^litly 
raised,  a  little  oxygen  absorWd,  and  the 
acid  prodiiced  :  this  change  is  not,  how- 
ever, essential  to  the  separation  of  the 
butter  which  takes  place  when  air  is  ex- 
cluded and  depends  upc»n  the  nipture  of 
the  oil  crlobules.  It  is  naturally  of  a  yel- 
low color,  and  is  deejiened  when  cows 
are  fed  in  rich  j^asturcs;  and  carrot  juice 
and  arnotto  arc  often  added  to  heighten 
the  tint.  The  Tartars  and  French  pre- 
serve butter  by  melting  it  in  a  water  bath 
at  a  tejn])erature  of  lT»i  ',  wherebv  the  al- 
bimiiiioiis  and  curdy  matters,  wbich  ."^rc 
pntre^eiVile,  arc  coa^u  atcd.  If  it  V»c  <le- 
rante«l  while  li-piid,  strained  and  liiihtly 
salted,  it  nia\  be  kept  trc->li  for  years. 

In  \ovenil)er,  \^VJ.  a  patent  was  trrant- 
(d  to  Mr.  Klias  11.  Merryman,  of  Sprintr- 
lield,  Illinois,  tor  imj)iov<iiicjits  in  But- 
t(!r-workini:  Machines.     Hi•^  claim  is  the 
u-e  of  two  or  more  rollers,  with  adjusta- 
ble   scraj'crs,  held    in    c  ntact   with    the 
rollers    by    spriiiLfs,    or    other    tlc\iccs, 
oj.i  ratinL'  in  a  vat  (»f  runnint:  water,  to 
^\!l>^ll    butter   and     sejiarafe    the    ]>roken 
eai»ule>.  cheesy  matter,  buttermilk,  an<i 
otiu-r    impurities,    by    di>solvinir    tho^f 
ibat  are    hojiible  in  water,   and  washitil 
away    tlio<c  liiat    an-    not    sojulih',    sub 
staliTiall\   ;;-*   describ«-d-- the   Abater  bemfl 
h't    into   ilie    \at    tVom    a    cisfern    placed 
ab(ne  ibe  Kvel  ol'  tiie  vat,  and  escaj'ini; 
at  tlie  ^I'oiit.  on  a  le\el  \\itli  the  journals 
of  the  rollci-«. 

Accordliii.'  to  tl'c  census  return  of  T'-l.'», 
the  .juantit\  ot"  butter  iiuule  in  the  State 
ot'  New-York,  \\;is  7'.'.'ol,77(»  pouiuis; 
which  at  twelve  an<l  a  halt' cents  a  j'ound, 
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would  amonat  to  $9,987,716.  American 
batter,  if  well  prepared,  wonid  And  a 
teady  Bale  in  the  English  market. 

The  following,  taken  from  the  Patent- 
Office  Keports  of  1347,  is  the  plan,  in 
Bobstance,  pnrsned  by  Fhilip  Phvsick  of 
Germantown,  who  has  taken  the  pre- 
miam  of  the  Philadelphia  Agricaltural 
Society  for  two  or  three  years  sucoes- 
aively.  In  the  first  place,  great  atten- 
tion is  paid  to  cleanliness  :  the  tin  pans 
arc  put  into  a  boiler  and  boiled  for  an 
honr,  then  scoured  with  white  silver- 
sand  and  pare  hard  soap  and  rinsed  in 
pare  water,  and  then  put  away  for  use. 
The  udders  of  the  cows  are  washed  for 
three  days,  and  wiped  with  a  clean  towel. 
The  inil^  is  also  drawn  in  tin  pail»,  which 
have  been  cleansed  in  the  same  manner 
as  the  pans ;  it  is  stnuned  through  a  per- 
fectly clean  muslin  strainer,  and  put  into 
the  Hpring-honse  till  four  milkings  are 
collected ;  then  the  whole  milk  and  cream 
are  thrown  into  a  common  barrel -chum, 
which  has  been  rinsed  with  boiling  wa- 
ter with  a  quarter  of  a  peck  of  hickoi^ 
ashes  and  live  coals  stirred  about  in  it 
by  inming  the  crank,  and  then  thrown 
out  and  the  chum  rinsed  several  times 
with  boiling  water ;  the  cows'  udders 
are  then  washed  and  milked,  and  this 
milk  titroined  and  poured  warm  into  the 
churn — ^the  churning  is  done  slowly,  as 
the  tenacity  and  hardness  of  the  butter 
depends  on  this;  it  should  take  three 
hours.  When  the  butter  has  come  it  is 
collected  bv  a  clean  wooden  ladle  and  laid 
on  a  clean  linen  cloth  as  flat  as  possible, 
not  more  than  two  inches  thicK.  Next 
tiike  a  clean  coarse  cotton  bag,  which  will 
hold  a  half  peck  or  more,  nnd  fill  it  with 
ice,  and  with  a  mallet  mash  it  down  flat 
alwnt  four  inches  thick  ;  place  the  cloth 
on  it  till  it  is  hard;  then  on  a  clean  white 
m  irble  slab  add  finely  pulverized  salt  to 
suit  the  ta.ste,  and  worlc  out  the  butter- 
milk with  a  wooden  spoon  and  ladle; 
spread  the  butter  flat  again,  and  again 
sopping  up  the  buttermilk  with  the  linen 
clotli,  which  must  however,  be  done  very 
slowly.  When  it  is  free  from  all  the  but- 
tenniik,  make  it  up  into  pounds  or  half 
pounds*. 

BL'TTONS.  The  materials  of  which 
bntt'>ns  arc  made  are  very  various,  and 
till-*  variety  gives  rise  to  a  subdivision 
s  >mewhat  akin  to  that  which  marks 
many  other  departments  of  manufac- 
tures. Besides  the  well  known  gilt  but- 
tonj<,  pluin  and  figured,  there  are  plated, 
silk,  norcntine,  and  other  covered  but- 
tons— pearl,    honi,  shell,   bone,   wood, 


glass,  and  porcelain  battons,  and  proba- 
oly  many  others.  The  two  latter-named 
varieties  ore  made  at  the  works  where 
either  glass  or  porcelain  artides  are  ma- 
nnfactured^  but  the  rest  are  produced 
chiefly  at  Birmingham,  the  different  ma- 
nufacturers proaucing  their  respective 
varieties. 

The  number  of  females  to  which  the 
manufacture  gives  employment  is  very 
large,  and  the  nimbleness  with  whien 
most  of  the  processes  are  carried  on  by 
them  is  tmly  remarkable. 

We  may 'first  select  a  common  gilt 
button,  and  follow  it  through  its  pro- 
cesses of  manufacture.  The  material  of 
which  these  are  made  is  sheet  copper,  or  a 
mixed  metal  of  which  copper  is  a  compo- 
nent part.  From  these sneets,  "blanks" 
or  circular  pieces  are  cut  out.  a  trifiing 
degree  larger  than  the  intended  size  of 
the  button.  This  is  done  by  means  of 
smoU  presses,  of  which  there  is  a  largo 
number  in  every  factory,  devoted  to  one 
or  other  of  the  difFerent  kinds  of  button. 
The  press  for  cutting  the  "  blanks "  has 
a  circular  cutter  or  punch,  worked  by  a 
lever  or  handle ;  and!^  a  female  holding  a 
sheet  of  metal  in  one  hand  ond  the  lever 
of  the  press  in  the  other,  cuts  the  blanks 
with  surprising  rapidity,  shifting  the 
copper  after  each  cut  in  order  to  expose 
a  new  part  of  the  surface,  and  causing 
the  punch  to  descend  after  each  adjust- 
ment. 

Whatever  be  the  form  or  nature  of  the 
button,  this  preliminary'  punching  of  the 
blank  is  almost  always  observed;  but 
beyond  this,  many  varieties  occur.  The 
common  flat  gilt  ijuttons  for  coats  are  flat 
on  both  sides,  and  consist  of  but  one 
thickness  of  metal,  which  is  punched  out 
in  the  form  of  a  blank.  But  there  are 
many  kinds  of  livery  buttons,  small  glo- 
bular buttons  for  boys'  dresses,  and  other 
kinds,  which  are  convex  on  the  outer 
surface  ;  and  this  convexity  has  to  bo 
given  to  them  after  the  blank  is  cut. 
Again,  of  those  which  are  convex,  some 
are  of  one  thickness  only,  presenting  at 
the  back  the  concave  side  of  the  same 
piece  of  metal  which  is  convex  in  front ; 
while  otiicrs  (called  "shell"  buttons) 
arc  hollow,  and  made  of  two  piceos  of 
metal — one  for  the  front  and  the  other  for 
the  baek.  In  this  latter  case,  there  arc 
two  blanks  or  circular  pieces  punehed 
out  separatelv  ;  one  called  the  "shell." 
and  the  other  the  "  bottom."  The  shell, 
as  well  as  convex  buttons  generally,  is 
pressed  to  a  convex  shape  by  a  maehino 
similar   in    principle    to    the    punching 
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tiircs  lu^iiiit  and  rejculBte  iwelf.  wbEo  MX 
to  seek  ilB  natura]  channels.  The  eli«nk« 
are  made  of  brass  wire,  and  vary  iVoni 
eight  to  forty  grosA  per  pound  wei>rhlp 
In  tlio  beautifiiT  micune  now  empU>ved 
for  their  mauulbctuni,  a  coil  of  wire  ut  so 
placed  that  one  end  gradually  advances 
towards  a  point  where  a  pair  o'' "'"- — 
cut  off  a  sliort  piece ;  ■  stnd  tben 
acainst  the   niiddlo  of  the   pit 

M        be  w        WB  k    d 


d  then  prcssi-n 


k   ^ 


oab] 
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tod  •timd  ¥rith  ui  iron  rod ;  then 
poared  in  told  wnler,  and  finallj'  strnined 
througrh  wash  leitber,  to  rcmovo  the  nii- 
perflaoQB  mercury.  Thi«  maat  is  then 
diMolved  in  dilute  nitric  arid,  and  the 
buttoDB  either  dippeil  in  or  vushed      '' 


the  mercnrlal  vaporR,  and  pnnHini;  them 

Thcj  are  now  removed  to  the  lathe,  and 
eareflillT  burtibhed  with  bloodstone. 

The  Horentine  and  aitk  butlonn  have 
now  nearly  sunemedcd  the  K'lt  button 
mnnnfitoliire.    ThcKc  contain  caeli  two 

pajiieboard,  another  of  eanvaD,  and  the 
outer  ailk  or  florcntine  covering.  All 
these  are  cut  out  bv  ntani[>ini;  preitae^i. 
The  sheet  of  iron,  ofpupcr.  ofi'anvaK,  or 
of  florcntine,  is  aliilted  Krxlnally  till  it  in 
neariv  all  cut  np  into  llttlo  diH». 

The  mode  in  which  all  the  piecnnrc 
flircd  toaetlior  isvcrv  remnrkabTo.  There 
is  no  Bine  or  o-mi.iit.no  riveliinr.  nn^.-w. 
inir,  plailin^.l 


IV  bv  Blampin) 
Holhc 


Wilh- 

oilled  the  'aheli;  witliin  thia  in  a  disc  of 
po)>cr,  then  a  di»c  of  dolli,  and  at  the 
tiavk  of  all  a  dine  of  iron  havinita  hole  in 
the  ecnlre,  through  whieh  mmo  of  the 

button  onthocontoritannent.  Alllhe^e 
arp  plaoed,  in  their  proper  order,  in  a 
hin.I  of  die  or  cell,  and  a  dcHpendine 
pnnch,  workeil  bv  a  prcKH,  flt*t  Axes  Die 
cover  lo  the  -belf,  and  then  then*  two  to 


6S 

the  other  three  bits,  curiing  up  the 
edges  of  the  two  disc*  of  iron  in  such  a 
peculiar  way  aa  to  enable  them  to  olaap 
-"  "- 1  Ave  biU  firmly,  and  to  hide  nil 
Inesa  and  impcrlet-tiona  of  edge. 


mggedne 
The  inlei 


■  effect  tl 


leoftheailkbi 


e  tbo  ir< 


a  have 


maddi- 


ined  by  having  the 
silk  or  other  materhil  woven  ciprcBsly 
for  tiie  purpone,  and  by  having  each  lit- 
tle dine  marked  out  carefully  by  a  separata 
apparatus  to  insure  ucciirato  pnnching; 
some  have  braided  edi^s,  proiluced  by  ai^ 
additional  number  of  pioo 
tionol  complication  of  the 
ceas;  and,  indeed,  there  arc  uumeroua  mo- 
dificaliona  of  the  covered  button  which  it 
would  bo  di&lcult  to  particularize  here; 
but  the  punching  out  of  separate  little 
di»c8,  end  the  Sxlng  of  these  by  stompiDg 
or  prennre,  are  the  prcv^ing   featured 

White  linen  buttons,  of  a  remarkably 
neat  appearance,  are  amonif  the  novelties 
ofrcccnt  times.  They  con:.Ltt  of  a  tin  or 
white  metal  ring,  over  which  a  disc  of 
linen  is  stretched  li  lie  the  parchment  of  a 
tamborine ;  and  the  beautifiil  manner  in 
which  the  two  are  flxcd  together  by  a 
singular  oction  of  tho  press  ie  very  strik- 
ing. The  buttons  mailc  of  bone,  of  liom, 
of  wood,  of  mother-of-pearl,  and  of  other 
materials,  ore  acncrally  the  produce  of 
other  manufacturers,  who  work  out  their 
results  by  Iho  aid  of  tlio  circtihir  saw, 
the  lathe,  the  press,  and  a  few  other 
pieces  of  apparatus. 

CABLE.  The  rope  or  chain  by  which 
tho  anchor  ofa  sliip  is  held.  Cables,  un- 
til within  a  recent  period,  were  u'u.illy 
made  of  hemp,  but  of  lale  years  iron 
chains  have  come  much  into  u^.  A 
hempen  chIjIo  of  12  iiu-hcs  Kirth,  and 
leiiiHli  I'M  futhoins,  weighs  3n7'i  lbs. 
Since  the  weights  of  two  ciible;'  of  equal 
lengths    will    be    as    their  sections,   or 

do'™  Iho  following  rule' for  llie  m^lirht  of 
ipcn  cablu :— Mnlliply  1 


lbs. 
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great  nncertainty  from  the  quality  or 
wear  of  the  cable.  Chain  cables  possess 
ffreat  advantages  over  hempen  cables; 
tney  are  not  liable  to  be  destroyed  by 
chafing  on  rocky  grounds,  nor  to  become 
rotten  and  insecure  from  alternate  expo- 
sure to  the  air  and  water ;  and  by  reason 
of  their  greater  weight  the  strain  is  ex- 
erted on  the  cable  rather  than  on  the 
ship.  In  order  that  the  ship  may  be  en- 
abled to  let  slip  her  cable  in  cose  of  neccs- 
>itv,  chain  cables  are  furnished  with 
bolts  at  distances  from  each  other  of  a 
fathom  or  two,  which  can  be  readily  with- 
drawn. A  chain  of  which  the  section  is 
1  inch  in  diameter  breaks  with  16  tons ; 
snch  a  chain  is  equivalent  to  a  10  inch 
hemp  cjible  nearly.  And  the  dimensions 
of  the  chain  cable  corresponding  to  any 
hemp  cable  are  therefore  easily  tbund  by 
merely  dividing  the  circumference  of  the 
hemp  cable  by  10.  The  Htrenpth  of  every 

f)art  of  the  chain  is  proved  before  it 
eaves  the  mnnufactorj'. 

CADMIUM.  A  white  metal,  much 
like  tin.  It  fuses  and  volatilizes  at  a 
temperature  a  little  below  that  at  which 
tin  melts.  Specific  gravity  about  9.  Its 
ores  are  associated  with  those  of  zinc. 
It  was  discovered  in  1818  by  Profes^or 
Stromeyer  of  Gottinpen.  Its  ennivalent 
number  is  56.  It  forms  a  yellow  sali- 
fiable oxide  composed  of  56  cadiiiiutn-f-*< 
oxygen=64  oxide  of  cadmium.  Its  scarci- 
ty prevents  its  cmjiloyinent  in  the  arts,  i 
but  the  oxide  ha.-*  been  used  as  a  iiiir-  I 
mont,  and  the  metal  has  bt'cn  usca  in 
stoppini?  teeth. 

CAFFEINE.     A  bitter  crystalline  sub-  I 
stance  contained  in  cotVee.     It  is  vohitilo, 
atul  part  of  it  is  lo^t  in  roastiniL'tlio  bcrrv. 
It  ir*  also  found  in  toa,  and  in  the  iK-x 
gnaranonsis  of  lirazil.     It   hns  not  Ihhmi  | 
applied  in  the  arts  to  any  useful  purpose.  | 

CAISSON.  In  ari-hitectun.'.  a  sunken 
panel  in  a  flat  or  vaulted  ciilini:.  orin  the 
sotht  of  a  e<»rniee.  In  eeilinifs  they  are 
of  various  jrt'<>iiu'trical  forms,  and  ot^en 
enriched  Avith  ro>ettes  or  other  orna- 
ments. CaijiMon,  in  hridLfi'  buildint:,  is  a 
lariTC  chest  or  vessel  in  whieh  the  \nvr^ 
of  a  bri«lir«'  are  built.  This  sinkimr  as 
th«  work  advances,  its  bottfwn  at  last  i 
cotnes  in  contact  with  the  bed  of  the  ri-  ' 
ver.  Avlien  the  sides  are  di->eiiLML'<'d.  its 
constrr.olum  l>cini;  such  a>  to  admit  of 
their  bein«r  thus  detached  without  iiijurv 
to  the  floor  or  botlonu 

CALAMINE.       Native    cari»onate    (»f 
zinc. 

CALCINATION.     The    reduction    .»f 
•uhstances  to  cinder  or  ash.    The  term  is 


derived  from  the  Latin  word  ocUxy  quick- 
lime, which,  as  is  well  known,  is  pre- 
pared by  the  action  of  lieat  upon  lime- 
stone; and  hence  the  old  chemists  em- 
ploy the  word  calcination  to  express  any 
supposed  analogous  change,  metallic  sub- 
stances being  apparently  converted  into 
earthv  matter  bv  calcination. 

CAIX^IUM.  'The  metallic  base  of  lime, 
discovered  in  1808  by  Daw.  This  sub- 
stance  has  hitherto  been  obtained  in  such 
small  quantities,  that  its  properties  have 
not  been  accurately  investigated.  It  is 
probably  a  brilliant  white  metal,  highly 
mfiummable,  and  more  than  twice  as 
heavy  as  water.  Combined  with  oxygen 
it  forms  lime,  which  consists  of  20  cal- 
ciumH-8  oxvpen=28  lime.    (S^e  Lime.) 

CALENl)EKING.  The  subjection  of 
cloth  and  other  articles  to  a  machine, 
which,  when  so  prepared,  are  caUndered^ 
literally  menniufir  hot-prefssed  \  by  passing 
between  cylinders  or  rollers  it  acquires  a 
level  or  uniform  surface.  After  goods 
are  bleached  and  washed,  thev  are  twisted 
and  tangled,  so  that  they  would  notpa.ss 
smoothly  between  the  cylinders.  Tliey 
are  previously  j)assed  over  the  surface  of 
a  water-cistern,  and  rcacliin^  the  rollers 
in  a  damp  state,  they  unt'old  themselves 
readily.  The  first  pair  of  rollers  over 
whicli  the  cloth  is  passed,  docs  not  dry 
or  (juite  smooth  it.  The  rollers  in  the 
calender  are  fixed  in  a  verticjil  series  in 
an  uprifrht  frame,  the  rollei"s  being 
pressed  forcibly  to^rether  by  lever  power. 
The  lower  rollers  are  trencrally  i/r(»o\ed 
to  remove  crea.-cs ;  the  upper  rollers  are 
smooth,  antl  of  wood  and  brass.  In  pass- 
inir  between  these  the  doth  is  smoothed 
and  stretche»l,  when  it  is  wound  upon  a 
roller,  ready  to  be  starched. 

The  starch  is  made  from  flour,  fer- 
ini  nted  and  ^»t rained  to  seiKirato  the  bran  ; 
a  little  indiL'o  is  added  to  trivc  a  blue 
tint,  and  the  ru}Uor  thickened  with  ]>or- 
eelain  clay,  or  j-alciiied  ^\  p>um,  to  j^ive 
aj'j»arent  streiiL'th  and  thu-kness  to  the 
cloth,  and  niaki'  it  m(«re  attractive  to  the 
]»urchaser.  The  >tarc]i  is  laid  on  hy  a  stitf- 
eiiini:  inanirlc;  the  cloth  first  |nis>inir  un- 
der a  roller  into  a  trouirh  contaiuiuir  the 
starch  licputr,  bccomo  filled  with  starch, 
and  then  carried  upwards,  ]Kis»es  be- 
tween ri'llcr>  of  brass  and  wood,  tiirhtly 
fittiuLr  aL'aiji^t  each  other,  by  which  the 
>uj>erlluous  starch  is  pressinl  out.  and 
falls  di.wn  into  ilic  troti;:h  below.  The 
cloth  {•«  then  dried  by  beiiiiT  ]>as>ed  over 
tin  or  copper  »-\  ]ind(  rs,  luated  ly  ^t^am. 
Mu'-iins  arc  merely  .>^tret»-hed  on  lon^ 
frauus    to    ilrv.      The    finish  for  cotton 


oil] 

fnods  In  genenllj  }ij  fflatiag,  irhlch 
avta  a  bright  glofV  to  the  mutcriol.  lu 
this  cue  the  cloth  must  flret  bo  dumped, 
which  i«  done  by  pita?Ins  it  over  a  cvlin- 

•oitlering  fine  npniy  ofwateron  tho  MiilT. 
Il  is  then  passed  between  the  rollers  of 
the  colors,  (knd  geta  h  eilky  luatre. 

Coppcr-em  bowed  rollerg  »re  occmion- 
*Uj  used  for  prodnciitg  flpires  and  ixit- 
tcniK  on  velvet  eoodB.  After  the  cloth 
has  received  its  flnid  gloss,  it  ia  smoothly 
folded  on  a  dean  board,  and  taben  to  be 
meoKared  propnrBtory  for  sale.  There 
are  npmu-da  of  one  hnndrod  vavs  for 
makiDZ  np  soods.  Hnslin  is  mitiie  Dp 
in  book-folifi,  in  piece*  of  U  jrards; 
Dsnally  twohalf  pieces  are  made  np  in  one 
book.  Cambrics  and  linenfi  are  in  plccea 
34  inehca  irido,  and  81  yards  long,  fold- 
ed nn  small,  and  tightly  pressed.  Hand- 
kerchiefs arc  sometime-*  folded  in  dozens. 

CALICO  PRINTING.  Tho  art  of  pro- 
ducing fl;fnrod  putCAnifl  upon  eotlon  by 
colored  sobstAneea.  Silk  and  woollen  fii- 
bric*  lutve  been  ninde  of  late  ycani,  anb- 
jccl  10  Bsiinilarstyle  of  dyeing.  The  fab- 
rie  lakes  ila  name  fhim  Calient,  a  district 
where  it  has  been  practised  for  mnnv 
hundred  Team.  Tho  art  of  Topical  dyc- 
inir  was  also  known  to  the  ancient  £g}')>- 

Before  doth  can  recinvc  irood  colored 
imprepsiona,  it  innst  be  IVccd  from  flbroun 

hvthecalcnder.'Theyi 
eTcciit   those  intended  for  Turk 
al)«r   belni;  bleachcl.  drieil.  xliis 
isilcndercd,  they  are  Inppwi  in  Icr 
•everal  pieoca,  atilcbed  logvthor. 
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D  in  ise  for 


The  wood-block  9  : 
oolh  surface  ofaycamor 


Fonr  different  mqdci  ar 
printing  fl)<ureB  upon  eaiict 
i«  by  wooden  blocks,  on  thefaeeof  vhich 
the  design  ir  enc,  which  are  worked  by 
hand.  The  wood-blocka  measure  about 
They  have  a 

:ind  of  wood : 
and  the  de)>ign,  after  being  aketcbed  on 
the  kJock,  is  cut  as  io  common  wood-en- 
graving, the  pails  being  left  prominent 
wliieh  are  to  constitute  and  print  the  pat- 
tern.    In  some  patterns,  where  there  are 

away,  or  bronglit  to  a  defective  slate  by 
nsc:  and  lo  obviate  this,  little  slips  of 
copper  are  inserted  inlo  delicate  groovca 
cnt  for  Iliem,  the  copper  alips  all  Bland' 

printing  snrliieo.  8ini5l  pieces  o?  felt 
are  in  some  places  introduced  (o  All  np 
the  insterticcs  between  the  coppers,  soaa 
to  imprint  a  broader   patch   of    color. 

One  block  con  only  print  one  color  ; 
and,  therefore,  if  live  or  six  color*  form 

;  ilcsijrn,  and  all  be  printed  by  hloeka. 


>tbolI' 


Ix  blocks,  all  cqnal 
raised  purls  in  each  block 
-ith  depressed  parts  in  all 


X  renderetli'mootli 


in  size,  bnt  III 

tbcoihcrHwts.     Tlic'i 

is  prcHsely  the  unmo  as  lliat  displayed  in 

floor-cloth  priFitine. 

.__...__  i^tiioj^  q|,i,p  of  modem  in- 


ly  be  included 

--..CM  lonftby  an 

"niia  model  is 

I  Iniertfd  Into  a 

block,  and  a  nioiilil 
is  projiieed  l>V  slampinp  tWim 
the  model.  From  the  monld 
fixed  in  a  block,  and  ni^iisted 

I  I'po  pieces  or  copies  arc  pro- 
diice^r,  in  a  mixed  uiclal  of 
tin,  lead.  Olid  1)l>-iniilh.   When 

trongbt  io  n'pcrfcct  ""^l  by 
means  of  a  flic,  and  they  arc 
then  flnnly  fixeil  down  iipc^n 
a  stout  and  caFcftilly  prepared 
[Hccc  of  wood. 
The  Uock- priming  room 


anil,  after  priming,  pa^uB  on  (u  anotlior 
roller,  the  priiiisr  rtftnlntinp  tliis  movc- 
meot.  Knell  nuvliinu  ii>  besides  Mleii<lc<l 
br  B  boy  mid  ■  girl :  ono  or  tlieso  dips 

■  brasli  inWllie  color-vessel,  ond  E<(ireiids 

■  layer  on  tho  clastic  trniijili.  Tlie  prin- 
ter Ukm  hia  cinrravcd  Wock  by  thalinn- 
dle  OD  H»  baclE,  and  prciwca  it  on  tlie 
trough,  tho  elnnticity  of  vhioh  altnwB 
every  part  of  tlie  r«sed  doviro  on  the 
block  to  lake  up  a  layer  of  color,  mid  tlii-u 
prints  a  portion  of  Ihc  doth  ciiiiiil  to  llie 
size  of  the  bloek  TliKro  are  suiull  pinB 
or  gad  narkft  on  tl  o  on  r  ot  ti  e 
block  bj  » 1  el  the  pr  nlcr  sen!  d  to 
ad]  eteucl  sux'ow  n  nrLiw  fr  lie 
block  UhentlenI  let  eel  ns  ben 
irorkcd  o  cr  w  tl  o  1  lo  h  U  j  rn  er 
goes  o  er  ti  e  an  c  i  c  -e  n  ll  a  k  d 
perhaps «  th  a  tl  rd,  ands  onoe-nril    ^ 


new  Uo(.k  be 

M-lfor 

A     Cb 

u  of  pnnl 

irh    h  all  tie 

■olora      u 

oncBbv 

tcrcut 

l"  |1 

01  wood 

!»  jr 

ddl-o 

SCI    ""■  " 

«1 

an  fix    1 

T.J 

1   KG   I  r 

vile    tl 

a    tl   r 

rond  Hr 

pC     11 

wtl   tl 

flr- 

i  f.  on 

■US    LSBPL'L    ARTE.  fcAL 

to  tho  breadth  of  the  cloth,  the  whol* 
forniiiig  a  compound  prlutiug-block,  di- 
vided in  five  eonipartmentB.  iTieaebluek" 
arc  UH^d  in  a  prinliiii-niacbinc  similar  lo 
tvp«-priDting:  the  block  is  flxcd,  fare 
([onnwards,  to  the  botlom  of  a  deicend- 
ing  fVame,  eopablo  of  n    '  ' 


the  block  tl 

Tho  bov  has  flvo  trouglis  of  color  (or 
II  oru)  rat  1^  I  bi  ore  I  D  v  tl  a  I  ug 
1  ee  of  ood  so  fom  ed  aa  to  1  p  in  afl 
(I  -K!  and  take  up  n  snail  i-ort  oi  tro 
a  i  I  c  dubs  t  on  a  flat  f  It  cash  a 
I        V  tl  a  I  r  Hh  bo  Bpreada  these  S  a 

I  rs     anci  oln  n  bir  of  patcE  o  o  cr 
tl    s  Hu«ot'lletolt,«i(loutco    b  n  ng 


ovolofkdIjL  of  TBI  u 


oal] 

The  cylindar  priotini^  miohina  c 
-:^-.   _r  _^  engraved  Copper  cylinc^"" 


it  ticrires  tl 


_onpted  u  lo  roTolvB  WTsinut  nnotlier 
cylinder  Isppod   in   woollen   cloth,   and 
'    '       '      •-'   a  oolorod  paste,  from  whieli 
D  tneaoH  of  givinj;  colored 

over  il.  The  cylinder  n  it  rolales  ilips 
in  >  loD^  trough  oroolor,  uid  averj'  purt 
of  it  beoomes   conlcd.      Tbo  exam  of 

&TO  of  the  cylinder  with  a  knife :  this  i» 
called  dodoriag.  The  cloth  then  posses 
in  m  conlinniias  strip  between  Iho  cyJin- 
d«r  ud  ■  l»rife  roller  or  drum  nbove,  by 
which  it  is  prcued  cloae  bo  lu  to  imbibe 
the  color  frooi  the  Biuiken  device  on  ita 
inrbee.  As  tlie  cvliader  19  continiullv 
revolving  while  the    doth    pasacB    the 


intinn  gott  on  oniotormptodly  wi 

lino  print«  Boveral  cfilore,  thoro  art 
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Other  times  tbe  printing  is  effected  at 
oncej  and  at  others  a  portion  of  the 
printing  is  to  lay  on  color  which  is  to  be 
afterwards  visifelcj  while  the  other  por- 
tion is  merely  to  miprint  the  cloth  with 
a  chemi(»l  agent  which  shall  exert  some 
peculiar  effect  on  the  colors.  This  mav 
perhaps  be  rendered  intelligible  by  al- 
ladin^  to  four  different  kinds  of  liquids 
or  mixtures  which  are  printed  on  the 
cloth  by  means  of  the  cylinder,  the  press, 
or  the  block.  These  four  are  colors^ 
mordants,  discJmrgers,  and  resists.  The 
name  colors  speaks  for  itself;  it  relates 
to  the  pigments  or  pai*tes  which  impart 
color  to  the  cloth,  and  includes  a  very 
wide  range  of  vegetable  and  mineral 
substances.  A  m/rrdant  is  a  liqnid  mix- 
ture which  enables  the  coloring  sub- 
stance to  combine  permanently  with  the 
textile  fibre  ;  and  this  is  used  when  tlie 
mordant  has  a  combining  attinily  with 
the  cloth  as  well  as  with  tlie  color,  al- 
though the  two  latter,  used  singly,  have 
no  ailinity  for  each  other.  Thus,  if  a 
red  color  were  imparted  to  cloth  by  mad- 
der, it  would  wasli  out,  or  not  be  a  "  fuHt 
c«!jor;"  but  if  the  cloth  were  previously 
vetted  with  an  aluminous  salt,  the  mad- 
der color  would  be  permanent.  In  most 
Quaes  the  mordimt  is  a  body  of  liquid, 
into  which  the  cloth  is  iminersed ;  l)ut 
sometimes  it  is  used  in  the  same  way  as 
a  paint  or  ink  by  the  cyliiukr-inar'hine. 
Dischargers^  instead  of  1)ciii«;  intended  to 
fix  the  eolor  to  tiie  clnth,  are  used  to 
drive  off  or  diseluiriri-  tlie  edor  alter  the 
latter  is  ap|>lied.  This  kind  of  eliemieal 
aerent  is  used  in  eoiiihinutir)n  with  mor- 
dants, thus:  the  el<»tli  is  wholly  satu- 
rated with  the  iMordaiit.  l>ut  eertain  parts 
are  also  printed  with  a  diseharirer  formed 
cf  lemon- juice  or  some  other  suhstanee  ; 
the  result  of  which  is,  that  when  the 
dve-color  is  ntterwards  aj^plied,  it  eom- 
bnies  with  the  cloth  at  the  )>arts  where 
the  mordant  has  been  unatfeettd,  bi»t 
becomes  a  "loose"  ec»lor  at  the  parts 
printed  with  the  discharger,  so  as  to  be  j 
easily  washed  out  tVom  tlio^e  parts.  Jit- 
sists  are  mixtures  whiih  enable  the 
jirinter  to  j>roduee  white  portions  of  pat- 
tern by  a  process  rather  «iiirereiit  from 
t)«c  disehar;:e-method.  The  mordant  is 
printed,  n(»t  dipjied,  in  those  parts  wliich 
are  to  be  colored  in  the  pattern  ;  while 
those  which  are  to  be  kept  white  arc 
previously  printed  with  a  mixmre  called 
a  rtMitit  or  ttsi-^t-puxte.  The  eli>th  is  tiicn 
wholly  iimnersed  in  a  d,\e-vat,  but  tlmsc 
portions  which  liad  been  }»rintcd  with 
the  resist  refuse  to  receive  the  dve,  and 


!  hence  remain  white.  It  will  bo  Been, 
'  therefore,  that  in  *'  discharge  work,^^  as 
it  is  called,  the  white  portions  are  re- 
tuned  by  driving  out  the  mordant,  which 
would  otherwise  fix  the  color ;  while  in 
**  resist-work"  the  white  portions  are  re- 
tained by  shielding  the  doth  at  those 
parts  from  the  action  of  the  eolor. 

In  calico  printing  it  is  necessary  to 
bring  the  mordant  or  the  color  into  that 
state  of  consistence  that  it  will  not 
spread  in  the  cloth  beyond  the  limit  of 
the  design.  The  usual  mordants  are 
alum  or  sulphate  of  alumina,  acetate  of 
alumina,  peroxide  of  iron,  protoxide  of 
tin,  and  oxide  of  chrome:  their  solu- 
tions are  made  of  the  proper  density  by 
thickeners,  such  as  wheat,  starch,  ani 
fiour ;  other  thickeners  are  used,  as  gum 
arable,  British  gum.  gum  Senegal,  troija- 
canth,  jalap,  pipe  clay,  dextrine,  jwtato 
and  rice  starch,  sulphate  of  lead,  with 
gum,  ^ugar,  molasses,  and  glue.  These 
with  either  the  co1^»t>  or  mordants  are 
prepared  in  vessels  furnished  with  steam 
jackets. 

The  manner  of  applying  a  pattern  on 
cloth  is  called  a  style  :  of  theso  there  are 
six. 

1.  The  madder  stvle. 

ft 

2.  rrintimr  by  steam. 
8.  Tiic  paddint(  stvlc. 

4.  The  resist  style. 

5.  The  disehar<^e  stvlc. 
<).  Tiie  cliina  blue  style. 

The  madder  style  is  not  confined  to 
tliat  color,  l)ut  the  process  is  applied  to 
many  others.  In  it  the  cotton  is  first 
printed  with  a  mordant  over  those  parts 
where  it  is  desired  to  have  a  color  pro- 
duced. AV'heu  the  mordant  has  been 
laid  on  hv  the  cylinder  the  cloth  is  hun«: 
uj»  in  a  room  f«'r  a  few  days,  when  the 
mordant  has  sulfered  an  alteration  wlicre- 
bv  it  becomes  insoluble,  and  fastened 
into  the  libn-  of  the  cloth.  Any  porti(>n 
of  the  monlant  which  remains  soluble 
has  now  to  be  removed,  or  the  color 
when  ai)plied  would  pass  beyond  the 
pattern.  It  is  removed  by  passing  the 
dry  ciilioo  tlirouirh  a  warm  mixture  of 
cowdunt,'  and  water.  This  operation  is 
called  rlumrintr.  It  is  then  washed  in 
water  in  a  urine  pit,  and  atrain  in  a  dash 
wheel.  By  this  jiroeess  the  thick  j'aste 
is  removed  which  accomjtanied  the  mor- 
dant. Th«'  <litri(ulty  of  proeurintr  ix)w- 
duiiLr  in  sulKcicnt  quantity  has  led  tt»  llie 
employment  of  <'tlier  sub>tances,  which 
arc  easily  procMire<l,  and  which  are  I'ound 
(»n  analysis  to  l»c  the  active  iigents  in  the 
duni::    thii>.    solutions    of  phosphate  of 
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mxla  and  phosphate  of  lime,  thickened 
with  (^lue,  are  naed  under  the  name  of 
tuhntUute  fbr  this  parpose.  After  wash- 
ing in  cold  water,  the  cloth  mordanted 
is  rinsed  through  a  weak  solution  of 
substitute  and  size,  when  it  is  ready  for 
the  color :  this  is  laid  on  by  drawing  the 
doth  for  two  or  three  hours  through  a 
colored  solution  {ue  Dtkino)  ;  the  color 
attaches  itself  permanently  to  those  por- 
tions of  the  cloth  to  which  the  moroant 
has  been  applied,  and  form  a  chemical 
compound  with  it.  On  the  portions  not 
mordanted  the  color  is  so  feebly  attached 
as  to  be  removed  by  wodhing  in  soap 
and  water,  or  in  bran  and  water,  or  in  a 
dilute  solution  of  chloride  of  lime.  This 
is  called  clearing. 

The  processes  for  finishing  a  piece  of 
doth,  even  with  one  color,  are  very  nu- 
merous :  thus  if  a  red  stripe  be  required 
on  a  white  ground,  no  less  than  nineteen 
processes  have  to  be  passed  through, 
viz.: 

1.  Printing  on  mordant  of  red  liquor 
(acetate  of  alumina)  thickened  with  flour, 
and  dyeing.  2.  Exposure  of  cloth  till 
mordant  is  altered.  8.  Dunging.  4. 
Wincing  in  cold  water.  5.  Washing  at 
the  dash-whccl.  6.  Wincing  in  dung  sub- 
stitute and  size.  7.  Wincinsr  in  cold  water. 
8.  Dyeing  in  madder.  9.  Wincing  in  cold 
water.  10.  Washing  with  dash  wiicel. 
11.  Wincing  in  soap  water  with  a  salt  of 
tin.  12.  Dttsh-wheel  washing.  13.  Win- 
cing in  soap  water.  14.  Wincing  in  a  so- 
lution of  bleaching  powder.  15.  Washing 
at  the  dash-wheel.  16.  Drying  by  the 
water  extractor.  17.  Folding.  18.  Starch- 
ing. 19.  Drying  by  steam. 

From  this  it  may  be  seen  how  impor- 
tant the  washing  and  rinsings  arc. 

In  steam  printing  the  nionlant  is  first 
laid  on  and  the  cloth  then  dipped  in  the 
color  vat :  union  does  not  however  take 
place  between  the  mordant  and  the  color 
until  steam  is  broiiirht  into  contact  w^Xh 
the  doth,  when  imnicdiaU'ly  tiie  two 
unite.  In  some  instances  the  eloth  is 
hnnu  in  a  room  into  whieh  steam  is  ad- 
mitted. In  otiier,  the  goods  are  put  in 
a  l>ox  made  almost  steam  tiifht  and  the 
stt'am  admitted  throiiu'h  anipc  perforated 
with  a  multitude  of  small  holes;  most 
commonly  the  cloth  is  wrapped  round 
a  cylinder  perforated  with  liolcs  into 
whii-h  tlic  steam  is  admitted  by  a  pipe. 
The  tom|>eritnro  is  kept  at  tilS*^  to  pre- 
vent condcnsutioii,  whieli  would  make 
the  eolors  rim  ;  a  hiirlier  temperature  is 
injiirions.  Tijc  Rti-amini;  is  c;irried  on 
for  half  an  hour  or  les;*  aeeording  to  the 


natare  of  the  oolor.  This  gives  a  great 
brilliancy  and  delicacy  of  finish  to  the 
doth.  A  variety  of  cheap  goods  are 
printedin  fugitive  colors ;  these,  not  being 
fixed  by  steaming  or  by  a  mordant,  aro 
called  spirit  or  fancy  colors :  they  wash 
off. 

The  podding  stvle  Ls  only  applied  to 
mineral  colors.  The  cloth  is  nniformly 
imbued  with  a  color  and  then  dried.  This 
color  is  sometimes  obtained  bv  once  dip- 
ping in  the  trough ;  at  others  it  is  neces- 
sary to  dip  the  cloth  first  in  one  mineral 
solution  and  then  in  a  second,  when  an 
insoluble  color  becomes  fixed  in  the  tissue ; 
after  each  dipping  the  cloth  is  dried,  or 
the  doth  may  oe  padded  in  one  solution 
and  aftcrwartls  winced  in  the  other.  To 
produce  a  design  on  a  white  or  colored 
ground,  the  cloth  is  printed  with  one 
of  the  solutions  and  then  padded  or 
winced  in  the  other.  In  the  resist  style 
the  cloth  is  first  printed  with  a  resist 
paste  to  prevent  the  cloth  from  taking  up 
the  color  when  it  passes  through  the  dye 
bath.  Some  resists  act  mechanically,  such 
as  fat  resists,  these  are  used  for  silk ; 
others  act  chemically,  such  as  acetates  of 
copper  and  lead,  chlorides  of  zinc,  andmer- 
curv,  and  arseniate  of  pota.^h,  thickened 
with  gum,  pipe  clay,  and  til.  The  dis- 
charge stylo,  13  that  when  a  white  or  col- 
ored pattern  is  to  be  produced  upon  a 
colored  ground.  Here  the  mordanted 
cloth  is  printed  with  a  substance  called 
the  di^clunyrr^  which  acts  either  on  the 
coloring  matter,  or  on  the  mordant,  by 
converting  them  into  colorless  or  soluble 
matters,  whieh  may  be  removed  to  allow 
the  parts  tluis  discharged  to  be  died  of 
another  color.  Vegetable  and  animal 
coloring  matters  arc  discharged  by  chlo- 
rine tmd  ehroinic  aeid,  and  a  mordant  is 
usually  discharged  by  an  acid  solution, 
such  as  lemon  or  lime  juice,  cream  tartar, 
oxalic,  citric,  and  weak  sulphuric  acids, 
thickened  with  gum  or  starch.  In  this 
way  are  proihiced  the  imitations  of  Ban- 
dana handkerchiefs,  in  which  white  fiir- 
ures  are  formed  on  a  ffronnd  of  Turkey 
red  by  means  <A'  a  solution  of  chlorine, 
which  is  made  to  flow  throuirh  the  red 
cloth  on  certain  points  defined  by  the 
pressure  of  hollow  lea  I  types,  inserted  in 
plates  of  leixl  eontaineii  in  a  hydraulic 
])rcss.  This  is  t'urnished  with  pattern 
I>latcs,  one  Axed  on  the  «ipper  block  and 
the  otiicr  on  the  lower,  or mova  hie  plate. 
Fourteen  jiieccs,  i»revionsly  dyed  with 
Turkey  red.  are  laid  flat^  and  smooth 
one  on  another,  the  whole  is  wound  on  a 
roller  at  the  back  of  the  press.   The  first 
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yard  is  then  unwound  and  laid  flat  on  the 
slab  of  the  machine.  Then  the  workman 
turning  a  handle  brings  the  pressure  to 
act  from  a  hydraulic  machine,  and  the 
bed  plate  rises  slowly  till  the  cloth  comes 
in  contact  with  the  upper  horizontal 
plate ;  such  is  the  power  of  the  machine 
that  the  cloth  is  pressed  between  the  two 
plates  with  a  force  of  300  tons.  The  chlo- 
rine liquor  is  then  poured  into  the  trough 
on  the  upper  plate,  and  after  remaining  a 
short  time  is  drawn  off  by  a  small  cock, 
the   pressure  is   removed  and  the   Ixvl 

Slate  sinks  down;  the  cloth  is  now  with- 
rawn  and  comes  out  diversified  with 
white  spots,  which  are  as  clearly  defined 
on  the  lowest  of  the  fourteen  as  on  the 
top  one.  The  red  dve  has  here  been  im- 
mediately removed  from  the  stutV  by  the 
chlorine ;  fifteen  minutes  is  found  to  be  a 
Butficiently  long  exposure.  Tiiese  wliite 
spaces  are  occasioiuiUy  dyed  of  another 
color  subsequently. 

The  Chuui  blue  style  is  only  prnctisod 
with  indigo.  The  *  bleached'  cotton  is 
printed  of  the  desired  pattern  with  a  mix- 
ture of  indigo,  orpiincnt,  sulpliatc  of  iron, 
gum  and  water.  It  is  then  exposed  to 
the  air  for  two  days  and  tlicn  s*tretolicd  on 
a  frame.  This  is  immersed  in  three  cis- 
terns containing  ditferent  KKjuids  ;  l^t,  in 
milk  of  lime;  2d,  in  a  solution  of  sul- 
phate of  iron  ;  JJd,  in  a  solution  of  caus- 
tic soda.  The  frames  are  <li|>pcil  several 
times  alternately  in  1  and  2.  The  dip- 
ping in  No.  8  is  less  often,  but  follows 
nnmediately  that  into  'J.  Tiie  insoluble 
indigo  which  had  been  applied  to  the 
surface  becomes  converted  into  solu- 
ble indisjo  or  in^liontin,  which  is  dissolved 
and  trnnslerred  to  the  interior  of  the 
fihre  when  it  is  gradually  precipitated  in 
the  insoluble  form. 

CALIPEU  COMPASSES,  or  simply 
Calipers,  are  compasses  with  curved 
IclTS,  for  measurin.:  the  ealiber  or  di- 
ameter of  evlinders,  balls,  or  otiier  round 
boilies.  CalipiTs  (»t'  tlie  best  sort  are 
miule  with  a  seale  haviiiir  ditrerent  set-,  of 
numbers  onLrraveil  on  it,  like  a  slidiiiLj 
rule,  for  the  purpose  ol'  exliibitiuur  at 
once  various  relations  de)>ending  on  the 
mairnitude  of  the  diameter  ot'  the  body 
measured.  Thus,  as  ilie  wei'^hts  ol' V>alls 
t>l'the  same  metal  are  in  a  eon-taut  ratio 
to  the  cubes  ot'  their  <liainrter-».  the  scj.le 
may  be  so  ixra'luated  and  nuiuiicred  tiiat 
the  oliserver  may  real  oil'  i  ill  cr  the  di- 
ameter in  in<-he>.  or  thi-  u  *  iLfiil  n  p<»unds. 
Other  nunih«Ts  ha\niLfa  l<<s  inumdiate 
applieation  are  alsi)  tVr.iin-titly  atta<'hed; 
for  example,  the  deirree^  oi'  a  cirele.  the 


proportions  of  trov  and  avoirdupois 
weight,  tables  of  the  sjieciflc  gravities 
and  weight*  of  bodies,  <fec.  It  is  obvious 
that  these  may  be  varied  infinitely,  ac- 
cording to  the  purposes  proposed  to  be 
aeconiplished. 

CALOMEL.  Protochloride  of  mercu- 
ry, composed  of  mercury  10,  chlorine  35. 
It  may  be  made  by  rubbmg  mercury  with 
corrosive  sublimate,  and  applying  heat  to 
sublime  the  mixture;  the  white  powder 
which  rises  is  calomel :  this  is  called  »iU>- 
llmeil  calomel.  Precipitated  calomel  Is 
made  by  adding  proto-nitrate  of  mercurj' 
in  solution  to  a  solution  of  common  salt. 
Dr.  A.  T.  Thompson  has  patented  a  mode 
of  making  calomel,  by  combining  chlorine 
in  the  gaseous  stale  witli  the  vapor  of 
mcrcurv.  Mr.  Jewel  prepares  a  finely 
divided  calomel  by  iiassmg  its  vapor  into 
a  room  into  which  steam  was  admit- 
ted. It  is  one  of  the  most  useful  of 
medicines. 

CAL(JKIMETER.  An  instrument  for 
measuring  the  quantity  of  heat  given  out 
by  bodies  passing  from  one  temperature 
to  another. 

CALOKIMOTOR.  This  term  has  oc- 
casiontily  been  appUied  to  a  peculiar  form 
of  the  voltaic  apparatus  composed  of  one 
j)air  of  plates  ot  great  extent  of  surface, 
the  electrieiiy  of  which,  when  transmit- 
tcil  throuirh  good  conductors,  produces 
intense  heat.  To  Dr.  Hare  of  rhiladel- 
phia,  the  philosophical  world  is  indebted 
tor  tlic  most  powerful  apparatus  of  this 
kind. 

CALOTYPE  is  the  name  given  by  Mr. 
H.  Fox  Talbot  to  his  improved  Photo- 
graphie  method.  The  method  of  obtmn- 
int_'  ( 'alot_\  [)e  pictures  is  as  follows  : — Take 
a  sheet  of  the  best  writimr  paper.  Dis- 
solve 1<»<>  grains  of  crystallized  nitrate  of 
.-ilv*r  in  tj  (Uinees  of  distilled  water. 
Wash  the  paper  with  this  s(»lution,  with 
a  sot't  liru^h,  on  one  side,  and  put  a  mark 
on  that  >ide,  whereby  to  know  it  again. 
Dry  the  paper  eautir.usly  ]iy  a  distiuit 
lire,  or  elsi-  let  it  dry  spontaneously  in  a 
dark  room.  When  dry,  or  nearly  so,  dip 
it  into  a  solution  of  iodine  of  pota>*sium, 
of . ".I'll  f^rains  to  a  ]^int  of  distilled  water, 
and  let  it  stay  two  or  three  minutes  in 
this  solution.  Then  dip  it  into  a  vessel 
of  water,  dry  it  liij-htly  with  blottini:  ]>a- 
]Kr,  and  tinish  dryini,Mtat  a  tire,  or  s[>on- 
taneou-ly.  All  this  is  best  done  by 
eandleliL'ht.  The  jiay-er  so  I'repiired  the 
author  ealU  /"//-<-/  p,iji,  r.  It  is  searetly 
sensiii\e  to  rn.dit  ;  invrrfhele-'S  it  ouifht 
to  be  kept  proteeted  I'rorn  the  'li^'-ht. 
Shortly  bet<ire  thi^  ]>ai>er  is  wanted  for 
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me,  wash  a  sheet  of  it  with  this  liquid : 
Dissolve  100  gn.  of  crystallized  nitrate  of 
silver  in  2  oz.  of  distilled  water ;  add  one 
sixth  of  its  volume  of  strong  acetic  acid : 
let  this  mixture  be  called  A.    Make  a 
saturated  Bolntion  of  crystallized  gallio 
acid  in  cold  distilled  water ;  the  quanti- 
ty dissolved  is  very  small ;  call  this  so- 
lution B.    When  a  sheet  of  paper  is 
wanted  for  use,  mix  together  the  liquids 
A  and  B  in  equal  volumes,  but  only  mix 
a  small  quantity  of  them  at  a  time,  be- 
cause the   mixture  will  not  keep  long 
without  spoiling :  call  this  mixture  the 
gallo-nilrate  of  silcer.    With  it  wash  the 
iodh^  paper  on  the  marked  siHe,  by 
candlelight.    Let  the  paper  rest  half  a 
minute,  and  then  dip  it  into  water,    Then 
dry  it  lightly  with  blotting  paper,  and  at 
a  cListancc  from  the  flre.    The  author  has 
named  the  paper  thus  prepared  Calotijpe 
paper,  on  account  of  its  great  utility  m 
obtaining  the  pictures  of  objects  witli  the 
camera  obscura.    If  this  paper  be  kept 
in  a  press,  it  will  often  rctam  its  quali- 
ties in  perfection  for  three  months  or 
more,  being  ready  for  use  at  any  mo- 
ment :  but  this  is  not  uniformly  the  case. 
It  is  Dcst  used  a  few  hours  after  it  has 
been  prejwired.     The   Cahtype  paper  is 
sensitive  to    light  in  an  extraordinary 
degree,    which    transcends    a    hundred 
times  or  more  that  of  any  kind  of  photo- 
genic paper ;   it  will  take  an  impression 
from  simple  moonlight  not  coneeutnited 
by  a  lens. 

U99  of  the  Paj)er.—TokG  a  piece  of 
this  paper,  and  having  covered  half  of  it, 
expose  the  other  hair  to  daylight  for  the 
si^c"c  of  one  second  in  dark  cloudv 
weather  in  winter,  when  there  will  be  a 
fctrcng  uni)ression  upon  the  paper,  but 
Intent  and  invisible,  and  its  existence  not 
to  be  suspected  by  any  one.  To  make  it 
visible  wash  the  paper  once  more  with 
the  gaUo-nitrate  of  silcer,  and  then  warm 
it  gently  before  the  fire.  In  a  few  sc- 
eoiids,  the  part  of  the  paper  upon  which 
the  light  has  acted  begins  to  darken,  and 
f*nally  grows  entirely  black,  while  the 
other  part  of  the  paper  retains  its  white- 
ness. ^  This  paper  is  well  »uited  to  re- 
c«'ive  images  in  the  camera  obscura. 
When  tlio  aperture  of  the  lens  amounts 
to  one  third  of  the  focal  lensrth,  and  the 
object  is  very  white,  as  a  phuster  bust, 
Ac,  one  second  is  sufficient  to  ohtiiiii  a 
pretty  good  image  of  it,  made  vi^sible  by 
washing  and  warming. 

The  fixing  J'roctSM.—Tirnt  wjish  the 
picture  with  water,  then  lightly  dry  it 
with   blotting-paper,   and   next   wash  it 


with  a  Solution  of  bromide  of  potassium, 
containing  100  grains  of  that  salt  dis- 
solved in  eight  or  ten  ounces  of  distilled 
water.  After  a  minute  or  two  it  should 
be  again  dipped  in  water,  and  then  finally 
dried.  The  picture  is  in  this  manner 
very  strongly  fixed ;  and  with  this  great 
advantage,  that  it  remains  transparent, 
and  that,  therefore,  there  is  no  dilficulty 
in  obtaining  a  copy  of  it.  The  Calotype 
picture  is  a  negative  one,  in  which  tne 
lights  of  nature  are  represented  by 
shades ;  but  the  copies  are  positive,  hav- 
ing the  lights  conformable  to  nature.  A 
negative  calotype  may  serve  to  furnish 
aevcToX  positive  ones,  but  after  a  while  it 
grois's  faint ;  but  it  may  be  restored  by 
washing  by  candlelight  with  gallo-nitrate 
of  silver,  and  warmmg.  A  second  series 
may  now  be  taken. 

CALP.  Argillaceous  limestone,  con- 
taining sulphuret  of  iron  and  vegetable 
matter. 

CAMBRIC.  Very  fine  white  Imen, 
first  made  at  Cambray,  in  Flanders, 
whence  its  name. 

CAMEL.    A  machine  invented  by  the 
Dutch  for  carrying  vessels  into  haroors, 
where  there  is'  not  a  sufficient  depth  of 
water.     It  consists  of  two  large  boxes, 
or  half  ships,  built  in  such  a  manner  that 
they  could  be  applied  on  each  side  of  the 
hull  of  a  largo  vesftel.    On  the  deck  of 
each  part  of  the  camel  a  number  of  hori- 
zontal windlasses  were  placed,  from  which 
ropes  proceeded  on  one  side,  and  bein? 
carried  under   the  keel  of  the  vessel, 
wore  attached  to  the  windlasses  on  the 
deck  of  the  other  part.    .When  about  to 
be  ii!?ed,  as  much  water  as  necessary  was 
suffered  to  run  into  them :  all  the  ropes 
were  then  cast  loose,   ana  large  beams 
were  then  placed  liorizontally  through 
the  port-holes  of  the   vessel,   the  encU 
rcstinjf  on  the  camels  alon^rside.     When 
the  ropes  were  made  fust,  and  the  vessel 
properly  secured,  the  water  was  pumped 
out,  on  which  the  amiels  rose  and  bore 
up  the  vessel. 

A  Khip  drawing  15  feet  can  be  made 
by  one  of  these  to  draw  only  11  feet. 
The  lenifth  of  one  of  these  camels  was 
127  feet,  and  the  greatest  breadth  22 
feet. 

CAMLET,  or  CAMBLET.  A  light 
stuff,  of  several  varieties.  Some  are  iniulo 
of  trout's  hair :  in  some  the  warp  is  hair, 
jind  the  woof  hair  or  silk :  otlicrs  en- 
tirely of  wool,  or  a  warp  of  wool  and  a 
woof  of  threufi.  Camlets  may  be  striped, 
watered,  aiul  %ured. 
CAMPllENE.     One  of  the  hydrocar- 
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bona,  composed  of  10  atoms  of  carbon 
and  8  Atoms  of  hydrogen.  It  is  identi- 
cal with  oil  of  turpentine.  Camphor 
may  be  looked  on  aa  its  protoxide — a 
term  applied  to  one  of  the  numerous 
fluids  used  for  illumination :  it  is  made 
of  one  part  of  oil  of  turpentine,  mixed 
with  about  twelve  parts  of  alcohol,  and 
then  distilled. 

CAMPHOR.  Tlic  produce  of  the  cam- 
phor laurel  of  Japan  and  China.  The 
roots  and  woo<l  chopped  small  arc  boiled 
with  water  in  an  iron  vessel,  to  which  an 
earthen  cap,  filled  with  straw,  is  fitted.  The 
camphor  sublimes,  and  is  condensed  uji- 
on  tne  straw.  There  are  two  kinds  of 
camphor;  1,  the  Dutch  or  Ja[)an  cam- 
phor; and  2,  the  crude  or  China  cam- 
phor. The  first  is  the  finest  quality. 
Crude  camphor  resembles  moist  su^ur 
before  H  is  refined.  This  process  is  car- 
ried on  in  thin  glass  globes,  which  are 
filled  with  crude  camphor,  with  a  little 
bone-black  and  quick-Uine.  The  plolxi  is 
then  placed  on  a  water  bath,  and  boiled. 
The  camphor  rises  and  sublimes  uj)oii 
the  upper  part  of  the  vessel.  When  the 
sublimation  is  completed,  the  vessel  is 
cracked  by  pouring  cold  water  on  it  while 
hot,  and  the  cake  of  camphor  is  removed. 
Camphor  (C"  H^  O)  is  a  white  and  somi- 
transpurent  solid  of  a  crystalline  fracture, 
and  warm  pungent  taste.  It  is  soft  and 
tough,  and  not  ensily  powdcrt'd,  until 
mixed  with  spirit  of  wine.  It  evaporates 
in  the  air,  and  in  phials  at  ordinary  tem- 
peratures, and  attaches  itself  to  the  mif- 
i'ncii  most  exposed  to  the  Vv^Ux. 

Camphor  tioats  on  water,  and  ro- 
tates rapidly  if  the  water  be  dean  ;  iftlio 
Burfaee  be  greasy,  the  phenomenon  will 
cease.  It  fii>es  at  .UT^,  and  hoils  at  4oo-', 
is  sparinifly  soluble  in  wati-r  (about  5 
grains  in  a  pint )  but  readily  in  alcohol, 
ether,  sulphuret  of  carbon,  a  tVw  volatile 
oils,  and  other  substanccN.  It  i^uscd  a«  a 
stimulant,  both  cxternallv  and  iufcrnallv. 
but  it  is  a  powcrl'til  ]ioison.  It  if>  al>o 
used  in  some  varni>lu'S. 

CAMl'HOKir  ACID.  Obtained  by 
boiling  caniph'-r  in  nitric  acid;  its  com- 
position is  ('"  U"  O^aII  '  >• 

CAMWOOD.  A  red  .lye  wood,  ob- 
tained from  Sierra  Lcom-.  lt>  col,>i-inLr 
matter  dillers  but  little  from  Nicar;i;riui 
wood. 

<'ANAL.  An  artilidal  clianncl  filled 
with  water,  formed  I'or  the  jtwrjio-e  ot' 
draininL'.  irriuMlion,  >uii]>l\  iui/lowiir-  \s  itii 
water,  or  of  inhmd  naviu'aiiou.  Tla-  C;i\- 
U::a  Canal,  which  drains  tli.'  m:irshe>  al 
the  head  of  the  lake,  and  eiujitic-^  into 


the  Ontario  Lake,  is  an  UlaatTationof  the 
first.  Those  of  Ancient  ^^ypt  are  the  best 
instances  of  the  second.  The  supplying 
stream  from  the  Croton  river  to  tiie  re- 
ceiving basins  in  New  York,  illnstrates 
the  third.  It  is  to  the  fourth  kind,  that 
for  inland  navigation,  that  the  term  is 
now  almost  wholly  restricted. 

There  is  no  country  in  the  world  where 
the  advantages  of  canals  are  more  appre- 
ciated than  m  China.  From  time  imme- 
morial the  rivers  that  intersect  that  v.'ust 
empire  have  been  united  by  innumerable 
canals ;  and  the  Grand  Canal  is  said  to 
be  the  most  stupendous  work  of  the  kind 
that  has  ever  neen  executed.  Russia, 
too,  exhibits  a  remarkable  dearrec  of  en- 
terprise in  the  construction  of  canals  for 
the  purpose  of  inland  navigation ;  and 
though  mnumerable  difficulties  jHiculiar 
to  that  country  for  a  long  period  impeded 
the  progress  of  works  of  this  description, 
that  empire  is  now  traversed  by  an  un- 
broken line  of  water  communication  from 
St.  Petersburg  to  the  Caspian  Sea. 

The  section  of  a  canal  is  ususdly  a  tra- 
pezium, of  which  two  sides  are  parallel 
and  horizontal,  and  the  other  two  equally 
inclined  to  the  horizon.  The  inclination 
<lepends  on  the  nature  of  tlie  soil.  It  is 
lejust  in  tenacious  earth,  and  greatest  in 
loose  soil ;  but  no  soil  will  maintain  itself 
unless  the  base  of  the  slope  exceeds  it.s 
heiirht  at  least  in  the  ratio  of  four  to 
three.  In  loose  soils  the  base  requires 
to  be  twice  as  trrcat  as  the  height. 

A  canal  is  usually  contined  between  a 
bank  on  one  side,  and  a  towing  path  on 
the  other,  the  breadth  of  whose  UDj^cr 
surface  must  be  sullicient  for  a  road  on 
which  the  animals  employed  in  draujrht 
may  easily  pass.  Ihis  requires  tliC 
brea<Uh  of  the  upper  surface  to  be  at 
least  «.♦  feet.  The  usual  mode  for  the 
other  bank  is  to  make  the  breadth  at  top 
equal  to  the  heiifht.  measured  from  the 
l)ottcm  of  the  canal:  but  in  this  rtise 
there  shoulil  he  a  /«//«<''f  a  foot,  or  a  fo<»t 
an<l  a  half,  at  the  kvel  of  the  water,  which 
incna-cs  the  thickiu*«s  of  the  bank  at 
liottom,  and  pn-vents  the  wash  of  the 
i>ank.>  from  hiliiuLT  into  the  canal.  To 
prevent  th(>  entraii'-c  «»f  rain-water,  si 
,-'>ii/,t,  r-il'itih  is  f-rnu'd  on  tin-  (Uitsidc  of 
ca^'h  of  the  hanks.  The  f>rm  r)f  a  wcll- 
coiofrncted  canal  will  therefore  j>resent 
the  t'ollow  Inir  lii^'ure  :  — 


The  dimen-^ions  of  navi'jahle  cana's 
nnl•^t  dcjieiid  «tn  the  *<i/c  of  the  vosels  in- 
tended to  naviirate  them.     In  order  thai 
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they  miiy  enable  two  vessels  to  pass  each 
other  with  freedom,  the  breadtn  at  bot- 
tom is  usaally  made  twice  as  great  as  the 
breadth  of  the  beam  of  the  vessels;  the 
depth  requires  to  be  at  least  one  foot 
more  than  the  vessers  draught  of  wuter. 
The  bed  of  a  canal  mnst  be  abttolately 
level,  or  have  no  more  slope  than  is  ne- 
cesssjy  to  convey  water  to  replace  that 
which  has  been  wasted.    Hence,  when  a 
canal  intersects  a  sloping  country  in  a  se- 
ries   of   channels    at    different    levels, 
means  mnst  bo  provided  to  enable  vessels 
to  pass  Arom  one  level  to  another.    This 
is  commonly  effected  by  means  of  a  lock. 
The  invention  of  locks  as  a  means  of 
carrying  a  canal  through  an  undalating 
country  has  (riven  an  entirely  new  fea- 
ture to'  the  inland  navigation  of  Europe. 
Various  nations  have  claimed  the  honor 
of  this  invention ;  but  it  would  oppear 
that  the  controversy  which  has  arisen  on 
the  subject  is  not  yet  settled.       A   lock 
is  a  chamber,  formed  of  masonry,  occn- 
pyinf  the  whole  bed  of  the  canal  where 
the  aiffcrence  of  level  is  to  be  overcome. 
This  chamber  is  so  contrived  that  the 
level  of  the    water   which    it  contains 
may  be  made  to  coincide  with  either 
the  upper  or  lower  level  of  the  canal. 
This  IS  effected  by  two  nairs  of  gates, 
one  of  which  pairs  is  placed   at  eacti 
end  of  the  chamber  of  the  lock.     By 
this  means,  while  the  gates  at  the  lower 
end  of  the  chamber  are    opened,   and 
those  at  the  upper  end  are  doj^ed,  the  wa- 
ter in  the  chamber  will  stand  at  the 
lower  level  of  the  canal;  and  on  the  con- 
trary, when  the  lower  gates  are  closed, 
and  the  upper  ones  are  opened,  the  level 
of  the  water  in  the  lock  will  coincide  with 
the  level  of  the  water  in  the  upper  part 
of  the  canal.    In  the  first  case,  a  boat 
may  be  floated  into  the  lock  from  the 
lower  port  of  the  canal ;  ond  if  then  the 
^tes  be  dosed,  and  water  is  admitted 
into  the  lock  from  the  upper  level  unite 
the  surface  of  the  lock  is  m  a  line  with 
the  water  above,  the  boat  will  be  floated 
up,  and  on  the  opening  of  the  upper 
gates  may  be  passed  onward.   By  revers- 
ing the  course  of  procedure,  boats  may 
be  as  readily  conveved  from  the  upper  to 
the  lower  level.     (.^«  Lock.) 

The  supply  of  water  required  for  main- 
taining a  canal  depends  on  the  lactase 
or  quantity  wastea  in  passing  a  vessel 
throutrh  the  locks,  on  the  evaporation 
ttom  the  surface,  and  on  the  leakage.  It 
has  been  found  bv  experiment  that  the 
annual  quantity  of  evaporation  from  the 
onnol  of  jLangnedoc  is  82  inches ;  that  is 


to  say,  the  body  of  water  required  to 
supply  this  waste  is  equal  to  a  porallelo- 
pipedwhose  base  is  the  whole  sur&ce  of 
water  in  the  canal,  and  whose  altitude  is 
82  inches :    in  most  calculations  it  has 
been  customary  to  take  this  altitude  at  86 
inches.    With  respect  to  the   leakage, 
when  the  soil  is  porous  the  inner  surface 
of  the  banks  may  be  lined  with  an  earth 
retentive  of  water,  or  a  portion  of  the 
middle  of  each  bonk  may  be  built  up 
with  earth  of  this  character.    The  opera- 
tion of  lining  a  bank  with  dav,  or  earth 
retentive  of  moisture,  is  called  pttddlina. 
The  advantages  derived  from  canals 
are  now  so  generally  known  and  acknow- 
ledged, as  to  render  it  almost  superfluous 
to  allude  to  the  question.    The  oenefldal 
effects  of  canals  are  felt  in  a  greater  or 
less  degree  by  all  dasses  of  society :  by 
their  means  tne  manufacturer  is  enabled 
to  collect  his  materials  and  his  fliel  with 
less  labor  and  expense ;  the  farmer  ob- 
tains a  supply  of  manure  at  a  cheap  rate, 
and  a  ready  conveyance  of  his  produce  to 
the  most  profltii^le  market;    and    the 
merchant  is  enabled  to  extend  his  com- 
merce  by  exporting  greater  quantities 
and  varieties  of  goods  from  places  remote 
from  the  sea,  and  by  more  easily  supply- 
ing a  wider    extent  of  inland  country 
with  articles    of   foreign  produce.      In 
short,  general  arguments  in  favor  of  ca- 
nals are  superseded  by  the  rapidly  im- 
proving una  thriving  state  of  oil  the  ci- 
ties, towns,  and  villages  in  their  neigh- 
borhood; while  the  great  works  of  every 
kind  to  which  they  have  been  conducted, 
and  to  which  a  large  portion  of  them  owe 
their  rise,  ore  their  best  recommenda- 
tion.   Experience  has  shown  that   the 
formation  of  railroads  does  not  yet  su- 
persede the  necesBity  for  canals,  as  where 
cheapness,   and    not    expedition,   is  re- 
quired, the  canal  will  be  preferred.    The 
genend  introduction  of  steam  propulsion 
on  our  canals  would  be  of  great  service. 
It  has  been  tried  on  the  Erie,  and  Chesa- 
peake, ond  Ohio  Canals. 

CANDLE.  Candles  can  be  made  from 
any  fatty  substance  which,  at  ordinary 
teniperatnres,  is  in  a  solid  state ;  wax. 
spermaceti,  and  tallow  being  the  usual 
substances  emploved.  That  very  essen- 
tial part  of  a  candle,  the  wick,  performs 
an  office  which  involves  a  scrap  of  philo- 
sophy not  always  well  understood.  The 
wick  is  composed  of  a  dozen  or  more 
flbres  of  soft  cotton,  ranged  side  by  side, 
and  having  just  sufficient  twist  given 
them  to  make  them  cling  tojrether.  The 
threads  are  not  so  close  together  but  that 
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oil,  or  tallow  in  a  melted  state,  will  na- 
cend  between  them,  by  virtue  of  that  ca- 
pillary attraction  whicfi  will  cause  a  piece 
of  loaf-sugar  to  become  wet  throughout, 
if  placed  on  a  wet  spot.     When  a  candle 
iH  lighted,  the  heat  melts  the  upper  part 
of  the  tallow,  which  then  ascends  between 
the  fibres  of  the  wick,   and  furnishes 
minute  streams  of  combuistible  matter  as 
fiust  as  the  oxygen  of  the  air  will  consume 
it  in  the  fonii  of  flame.    The  current  of 
air  constantly  supplying  oxygen,  keeps 
the  outer  surface  ot  the  tallow  cool,  and 
causes  the  formation  of  the  cup  which 
contains  the  melted  tidlow  that  other- 
wise would  run  down  and  disfigure  the 
candle  :    the  tallow  is  the   combn.'*tible 
matter,  and  the  wick   is  the  series   of 
tubes  through  which  it  iLr^vnds  to  the 
flame.    Wax  aifuileff  are  made  by  pourin<^ 
melted  wax  over  the  wicks,  which   for 
the  convenience  of  turning  and  jdatinij 
them  successivelv  over  the  cjihlmn,  are 
usimlly  attached  to  the  ciroumtcix luv  of 
a  hoop ;  when  of  a  proper  ihic-kiicHs,  thi-v 
are  rolled  smooth  upon  a  tai>lc,  and  the 
ends  are  cut  and  trimmed.     It  is  in  con- 
sequence of  tliis  method  of  m:inuractiirc, 
that  when  we  cut  a  wax  candle  wv  oLv- 
serve  it  com])osed  of  ssucces^ive  layers  or 
coats.     Atteni[>ts  have  been  made  to  cast 
wax  candles  in  moulds,  but  those  which 
are  thus   made   never  burn   so   will    as 
those  which  are  y>f "//•»/.     Sj'f  r/zi'/'di  ,',ni- 
rfAw,  arc  mixtures  of  wax  aii'l  siM-rniaceti. 
This   material    forms    a   ver\    Lr«»oil    jnul 
ch'anly  candle;  but  in  consc'iiiiixe  Dt'its 
ready  fusibility  and  h:irdiies>  wluii  e'»n- 
crete,  it  does  not  admit  >>t'  heiiii.'"  ''arried 
about  without  sjiilliiii:  tin-  njilti'd  mate- 
rial.    The  fused  portions  also,  wliidi  run 
down  the  candle,  are  apt  to  eiirl  and  tall 
Ufion    the    tai»K'.      ('<>/// onsifi.,//    nri, •/■>.<. 
This  term  was  oriirinally  eont'crnd   l>\  a 
mannfactiirer  who   had  a  larirc  stock  of 
spermaceti  candles  on   luuid   wliicli  were 
of  a  dirty  inie.  and  which  tlurd'-rc  \mic 
unsalable;    he   advi'rtJM-d    ihcni    nnd«  r 
tlie  above  name,  and  tluy  wen'  ><>"\\  dis- 
posed of,  under  the  noiini  ofiju-ir  lM':!i-_r 
composed   of  some   new  coml>:nati<iii  <.t'  ^ 
materials.     The  term  liiis  since  h. cu  a|'-  i 
plied  to  various  mixtures ;  but  wlnt   me 
now  sold  undiT  tlu'  name  ot' eoni]M.-itl..ii 
cimdles  ore  chielly  mixtures  ni'  sperma- 
ceti, tallow,  and  a  little  n'^in,  aii-i  or.a- 
nionally  wax.     Till"ir  C'ih</^<s,  which  are 
either    cast   upon    the    wick    in    j.ewter 
moulds,  or  made  by  di|'i>iiiLr  the  wi(  ];s, 
attached  in  rows  to  pro;  ir  iVame-.  int-" 
melted  tallow.     Slfinn)    i;tu<J''^.     I'li.'nr 
this   term  we  ma\  iii'ludc  i-.hi.h  nut   >.il 


candles,  and  a  few  others  made  of  the 
stearine,  or  what  may  be  compared  to 
the  sjKrmaceti  of  the  vegetable  oils.  The 
stearine,  or  rather  the  ttlMric  acid  of  tal- 
low, is  also  now  extensively  employed 
for  making  candles.  MovUl  camiUis' are 
made  in  two  ways.  1.  From  ten  to  six- 
teen cylindrical  pewter  moulds  are  placed 
together  in  a  wooden  frame,  so  that  their 
upper  ends  terminate  in  a  kind  of  trougli 
common  to  the  whole.  The  wicks  are 
inserted  and  kept  firmly  in  their  proper 
places  in  the  centre  of  each  cylinder  by 
strong  wires.  The  IVame  being  then 
placed  with  the  trough  uppermost,  the 
moulds  are  filled  with  melted  tallow,  and 
arc  placed  in  the  air  to  cool,  after  which 
the  wires  by  which  the  wicks  have  been 
fixeil  are  withdrawn,  the  superfluous  tal- 
low is  removed  from  the  trough,  and  the 
CiU)dles  are  pulled  out  of  the  moulds. 

in  the  Ibllowing  illustration  of  a  mould 
candle  machine,  a  rej>resents  the  candle, 
h  the  mould  through  which  the  candles 
are  pwslied  l)y  the  rod  c. 

Messrs.  Mattcwson,  auidle  manufac- 
turers of  15;Utimore,  have  introduced  a 
new  KuLdish  patent  machine  for  making 
candles,  which  is  both  imrenioua  and 
]»os>csses  uneommon  merit  in  an  econo- 
mical j»f»int  of  view. 

It  eoii->i>ts  of  a  numlK-r  of  moulds, 
holdinix  Is  each,  which  are  furnished 
with  a  bohhin  to  each  mould,  holding 
wick  for  o\er  l<»tt  candles  on  eacli  liobhin. 

At  the  eomnuMicement,  the  fii^t  mould 
is  threaded  by  han«l.  It  is  then  placed 
on  a  railroad  and  hrouL'ht  under  acistini 
tVom  which  it  is  tilled  with  tallow;  it  is 
then  shoved  alonuf  to  a  carriage,  which, 
when  it  has  reeei\cd  its  load,  is  convey- 
(d  by  rail  outside  to  an  open  tshcd  in  the 
yaril.  a\  luiv  it  is  allow  ctl  to  cool.  When 
that  'ipei'atioti  is  completed  it  still  con- 
tinues it^  circuit  ou  the  railroad,  until  it 
arrive-  at  tlu-  machine,  upon  which  it  is 
]!aecd,  and  a  stroke  of  a  lever  eject.s  the 
uh"!e  1^  candles,  at  the  ?«ame  time 
thrt  adin^f  the  moulds  for  a  tVesh  charLre; 
a  revolviiiu''  saw-knitc  cuts  otf  the  wicks 
a>  tjiiick  a>  the  hand  can  move  it  across 
the  iiia<-liine;  the  ends  of  the  wicks  are 
>v  i/v  I  by  pineer>.  \s  hich  crip  each  of 
tli.iu  as  a  per>oii  wouM  with  tlie  timrer 
and  llimnli;  it  i>  aLrain  j'laced  on  ilie 
rail  and  C'litiiiues  it.~>  course  to  underL'O 
the  >amc  o].,  ration.  ( >n  tlu-ir  way  o\er 
the  rail  thty  are  Intt  rrupted  by  a  person 
who  ren;i'\cs  the  pincers  and  trims  the 

l)Utt-eiel-.  ol'  the  e;ilidleS. 

Mr.  A.  !..  llrowu  "t  New  Haven,  C"onn., 

t'..  .k  <-iit  ;i  |),itiiit  iu  <  >.t<)lM  1-.  1  >'-4"',  tor  all 
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it  IS  to  b«  adiMted  and  secured  in  tlic 
(Hme;  the  shoulder  on  whipli  the  tal- 
low tabid  reatn,  and  the  hole  tliroueh 
which  the  wire  paascs.  Fig.  S,  id  a  si-c- 
tional  Ticw  of  one  of  the  moulds,  show- 
inn  the  wick  when  in  tho  mould,  as 
•ujiported  by  the  wire. 

(Jreat  care  ii  rcfiaisite  in  selectioe  the 
mtt»n  for  the  wicks  of  can.lleB,  which 
shiiuld  lie  of  snch  u  nature  as  to  leave  no 
•»li.  or  scarcely  anv,  when  burned.  Tlie 
wiik  is  oocBuionnlly  inipreitDated  with 
dlrtbrcnt  substances,  and  aoinetlmes  au 
pliiitca  aa  to  curl  out  of  the  tlai 
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In  reference  lo  tbo  above  table,  it  an- 
pcnrs  from  Ur.  Ura's  cipcrimenta  that 
one-eighth  of  o  gallon  of  good  oil,  woigli- 
i(lK6,jJ10|{nuiis,  oris  and  l-lOth  ounces 
nvcirdupoia,  laKU  in  abriijht  argand  lauip 
11  hour*  44  ininnles.  'riie  weiglit  of  oil 
It  consumes  per  Lour  ia  oqu3  to  four 
Imics  llie  wciijbt  of  tallow  in  candles 
eight  to  the  pound,  and  8  and  l-7th  times 
the  weiglil  of  tallow  in  candles  six  to  the 
l>uiinii ;  but,  its  liaht  being  , 
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aboat  one  penny  sterling  per  hoar ;  of  an 
argand  lamp,  'fed  with  Hpermaceti  oil 
tkmnt  threepence,  of  mould  candles  aboat 
threepence-halfpenny,  and  of  wax  candles 
about  one  shilling.  Ninety  cubic  feet  of 
good  coal  gas,  value  about  one  shilling 
sterling,  will  produce  the  light  of  about 
ten  wax  candles  for  one  hour. 
CANE  MILL,    {ike  Suoar,  Manufac- 

TURE  OP  ^ 

CANNELL  COAL.  (Perhaps  candk 
coal,  fVom  the  flame  with  which  it  burns.) 
A  species  of  coal  found  in  most  of  the 
English  collieries^  especially  at  Wigan  in 
Lancashire.  It  is  difficultly  frangible, 
does  not  soil  the  fingers;  when  burn- 
ing it  splits  and  crackles,  but  does  not 
cake,  and  leaves  3  or  4 per  cent,  of  asli.  It 
is  sometimes  worked  into  ornameutal 
utensils,  like  jet. 

CANNON.  A  military  engine  for  pro- 
jecting balls,  shells,  &c.,  by  the  force  of 
gunpowder.  The  princioal  parts  of  a 
cannon  are:  1.  The  brcfch^  which  is  the 
solid  metal  from  the  bottom 
of  the  bore,  or  concave  cy- 
linder, to  the  extremity  of 
the  ca^cahel,  a,  2.  Tiic  trun- 
nionSj  b  h^  which  project  ou 
each  side,  and  serve  to  sup- 
port the  cannon  in  equiJi- 
orio,  their  axis  being  in 
the  verticid  plane  paussing 
through  the  centre  of  gra- 
vity, but  interscctinir  it  bo- 
low  tiiat  point.  ;i.  The  Ao/v- 
or  cylindrical  cavity.  This 
in  several  sorts  of  cannon  is  made  of 
smaller  diameter  towards  the  brec»'h,  tluH 
assuming  the  shape  of  two  cvlindiTs, 
united  bva  portion  of  a  spherical  surface. 
The  smaller  part  of  the  bore  is  of  such  a 
length  ius  to  receive  the  maxinuini  service 
charge  of  gunpowder,  and  is  culled  the 
chaiihtxT.  The  entrance  of  the  bore,  <*,  is 
called  the  mouth  or  muzzle. 

Cannon  are  made  either  of  east  iron  or 
brass,  the  latter  being  an  alloy  of  copper 
and  tin^  in  the  proportion  of  about  lo 
parts  ot  copper  to  1  of  tin,  and  called 
gun-metal.  This  has  a  greater  tenacity 
than  iron,  but  is  objectionable  on  account 
of  its  greater  density  and  hiirher  price, 
besides  being  liable  in  raj)!*!  service  to 
soften  and  droop  at  the  muzzle,  whereby 
it  is  rendered  unserviceable.  Since  the 
advantage  of  using  smaller  charges  of 
gunpowder  was  discovered,  c»st  iron, 
thouj^h  possessing  less  tenacity  than  gun- 
metal,  has  been  substituted  for  ship,  gar- 
rison, and  battering  guns.  But  the  small- 


er species  of  cannon  (fleld-pieces)  con- 
tinue to  be  made  generally  of  brass :  for 
by  reason  of  the  rapid  coolinjf  of  the  iron 
in  small  masses  its  strength  is  considera- 
bly impaired,  so  that  it  is  difficult  to  be 
procured  of  the  requisite  quality. 

Cannon  were  formerly  cast  with  a  cave 
or  hollow,  but  they  are  now  always  cast 
solid;  experience  having  shown  that 
when  cast  solid  they  are  stronger,  and 
less  liable  to  burst,  that  the  metal  is  freer 
from  honeycombs,  and  that  the  bore  can 
be  rendered  more  perfect,  and  its  axi.n 
made  to  coincide  more  accurately  with 
that  of  the  piece.  In  boring  cannon,  the 
gun  itself  is  made  to  revolve  about  the 
bit  or  borer,  the  size  of  which  is  succes- 
sively increa.sed. 

CANNON-METAL.  Bronze;  a  cop- 
per allov. 

CAN V' AS.  A  very  clear  unbleached 
cloth  of  hemp  or  flax,  woven  regularly  in 
little  squares,  chiefly  us^d  to  make  sails 
for  shipping.  Besides  serWng  for  various 
domestic  purposes,  such  as  for  the  ground 
of  tapestry  work,  amvas  forms  the  cloth 
on  wnicli  painters  usually  draw  their  pic- 
tures. 

A  kind  of  canvas  made  solely  ftx>m 
hemp,  and  called  ?m/'kabaA%  is  used  for 
coarse  towels  and  table-cloths. 

CAOUTCHOUC.  This  curious  sub- 
stance is  the  inspissated  juice  or  sap  of 
several  plants ;  the  principal  supplies  are 
from  South  America  and  Java,  and  are 
derived  from  the  Slphonia  eUx^tica  (Hevea 
caoutchouc^  and  probably  from  other  Eu- 
l^horbiaceous  plants.  It  is  often  termed 
'jum  thiMU'  and  India-ruhher.  Its  gen- 
eral properties  and  uses  are  well  kno\*Ti. 
Ainonir  its  more  recent  applications  are 
those  (jf  elastic  wove  fabrics,  formed  of 
caoutchouc  stretched  into  threads  and 
covered  with  cotton  ;  and  various  wuter- 
j)roof  clothiuir,  which  is  made  by  inter- 
posini:  a  layer  of  caoutchouc  between  two 
I'olds  of  the  cloth,  and  then  forcibly  unit^- 
inir  them  by  ]>ressure.  For  this  purpose 
the  caoutchouc  is  dissolved  by  coal  naph- 
tha, and  in  that  state  brushed  over  the 
surfaces  Avhich  are  to  be  united. 

Caoutchouc  is  a  compound  of  carbon 
and  hydro<;cn  ;  when  heated  it  fuses,  and 
afterwards  remains  viscid.  \Vhen  sub- 
jecteil  to  destructive  distillation  at  a  high 
tcMiporature,  it  vields  4-r»ths  of  itsweiifht 
of  a  highly  iiittammable  and  very  lijrht 
volatile  <»ily  ruiuid  (hydrocarbon),  which 
has  l>een  callca  cinntUhourint',  and  which 
is  a  go(Hl  solvent  of  the  unaltered  caout- 
chouc. Washed  sulphuric  ether  dissolves 


cap] 


CTCtOPXDIA   OF  THX   U8XFUL   ARIS. 


17 


eaootchonc,  and  it  is  also  nolable  in  sev- 
eral eaiiential  oils ;  bat  of  these  latter  so- 
lutions the  greater  number  leave  it  in  a 
sticky  state  on  evaporation. 

The  trees  have  incisions  made  into 
them  throogh  the  bark;  the  milky  inice 
exades,  is  collected  on  day  moulds,  aried 
in  the  sun,  or  with  the  smoke  of  a  fire, 
which  blackens  it.  The  iuice  itself  is  a 
Pjale  yellow,  creamer  liquicf,  which  is  mis- 
cible  m  water ;  it  dries  off  into  cao5tc1ioac, 
and  loses  55  per  cent.  Caoutchouc  is  in- 
soluble in  alcohol,  but  is  soluble  (besides 
ether),  in  naphtha  from  coal,  oils  of  sassa- 
tn»  and  lavender,  and  Unseed  oil.  It 
melts  at  248°,  ana  burns  with  a  bright 
flame  and  much  smoke.  It  is  not  acted 
on  by  caustic  potass,  cold  sulphuric  acid, 
nor  nitric  acid,  unless  very  concentrated. 
From  its  great  elasticity  it  has  been  used 
in  artides  of  dress  and  machinery.  (See 
£LAflrno  Baitds.) 

The  India-rubber  manufhctureis  one 
of  the  most  important  branches  of  art, 
rivalling  that  of  some  of  the  older  textile 
fabrics.  In  this  country  it  haa  made  pro- 
digious strides  within  a  few  years.  The 
India-rubber  shoes  are  made  by  women 
on  the  Amazon,  by  dipping  the  lasts,  neat 
there  from  this  country,  into  the  juice  of 
the  tree,  and  then  holding  the  lost  over 
a  palm  fire  to  dry  it  off  quickly  ;  the  la.st 
is  then  dinped  again  in  the  milk,  and 
again  driea,  and  so  repeated  till  it  ac- 
quires the  due  thickness ;  this  is  com- 
pleted in  five  minutes.  Two  gallons  of 
milk  suffice  for  ten  pair  of  shoe^.  The 
shoes  are  then  sun-aricd,  and  next  day 
stamped  with  pointed  sticks,  or  the  spines 
of  the  palm.  The  shoe  is  then  cut  from 
the  ladt,  and  is  ready  for  packing. 

From  its  softness  and  impermeability 
it  is  made  into  bougies, ,  catheters,  gim- 
tubes,  and  bottles.  Its  use  as  a  varnish  is 
almost  endless,  dissolved  in  any  of  the 
solvents  previously  mentioned,  or  in  bi- 
sulphuret  of  carbon,  without  the  use  of 
heat.  This  constitutes  Parker's  patent 
solvent.  Chloroform  is  an  excellent  sol- 
vent, but  it  is  too  costly.  By  digesting 
the  rubber  in  solution  of  carbonate  of 
soda,  or  water  of  ammonia,  previously,  it 
dissolves  more  readily. 

India-rubber  is  now  rarely  used  alone 
in  manufacture,  but  is  previously  mixed 
with  other  matters,  which  do  not  to  any 
great  extent  affect  its  elasticity,  or  its 
waterproof  properties.  Bv  mixing  in 
sulj'har  when  the  rubber  is  in  a  scmi- 
fluiil  condition  it  is  said  to  be  vulcanized^ 
but  as  this  gives  an  unpleasant  odor  to 
the  fabric,  various  improvements  have 


been  made  to  obviate  it.  Patents  have 
been  taken  out  to  use  the  hyposulphites, 
either  alone  or  combined  with  sulphites 
and  sulphurets.  The  sulphuret  of  anti- 
mony has  been  used  with  advantage. 
In  another  patent  the  rubber  after  being 
steamed  and  dried  is  thionized,  which 
consists  in  submitting  the  mass  to  the 
action  of  the  fumes  of  sulphur  or  btH-J 
phurous  acid,  by  which  the  sulphur  be- 
comes incorporated.  For  manufactura 
the  rubber  is  now  never  prepared  by  so- 
lution in  turpentine  or  otner  menstninmj' 
but  it  is  reduced  into  a  pasty  masis  bvr 
heavy  grinding,  and  then  passed  througn: 
a  succession  of  rollers  until  it  is  brought 
into  sheets  of  uniform  texture. 

CAOUTCHOUCINE.  A  volatile  hy- 
drocarbon obtained  by  distilling  India- 
rubber  in'  an  iron  vessel  at  600°  Fahr. : 
it  is  purified  by  rectification,  when  it  isf 
colorless,  and  has  a  sp.  gr.  of  680;  This 
liquid  is  a  solvent  for  caoutchouc,  copal,' 
and  very  many  resinous  and  oleaginous 
bodies  when  combined  with  alcohol.  In 
the  liquid  state  it  is  the  lightest  liquid 
known,  but  its  vapor  is  so  Heavy  that  it 
may  be  transferred  from  one  vessel  to 
another  bv  simple  pouring.  The  liquid 
is  very  volatile^  mixes  readily  with  oils, 
and  renders  viscid  oil  point  liquid.  Its 
constitution  is  C*  li'. 

CAPERS.  The  buds  or  unexpanded 
flowers  of  the  Capparis  apinoea^  in  com- 
mon use  as  a  pickle. 

CAPSICUM.  The  berry  or  seed-ves- 
sel of  different  species  of  capsicum.  The 
larger  pods  of  the  Capsicum  annuum^ 
and  the  smaller  ones  ot  the  C.  haccatum 
or  bird  pepper^  when  powdered,  form  the 
Kyan  pepper  of  commerce,  so  well  known 
as  a  i>owerful  condiment,  and  often  use- 
ful as  a  stimulating  medicine.  Kyan 
pepper  is  often  grossly  adulterated  with 
common  salt,  and  occasionally  red  lead 
and  earthy  powders  are  said  to  be  a<ldcd 
to  it :  it  often  has  a  disagreeable  rancid 
odor,  owing  to  its  being  sprinkled  with 
oil  to  prevent  its  dust  affecting  those 
who  powder  and  sift  it. 

CAPSTAN,  sometimes  called  CAP- 
STERN.  A  strong  massive  piece  of 
timber,  in  the  fonn  of  a  cylinder  or  trun- 
cated cone,  round  which  a  rope  is  coiled  ; 
and  being  turned  by  means  of  bars  or 
levers,  it  affords  an  advantatreous  mode 
of  opplying  power  to  ovcrorjinc  an  ob- 
stacle. The  ca]>stan  is  eh  it*  fly  employed 
in  ships,  whore  it  is  used  for  weigliini^ 
anchors,  hoistinir  sails,  <fee.  It  is  ifciie- 
rally  placed  verru'ully,  the  lower  end  Ik*- 
ing'  let  down  through  the  deck  of  the 
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Bhip,  and  the  levers 
inserted  in  holes  in  the 
head  or  top;  so  that 
the  force  of  the  men 
can  be  exerted  con- 
tinuously, and  that 
there  may  be  no  ne- 
cessity for  removing 
the  lovers  f^om  one  hole  to  another,  as 
is  the  case  when  it  is  placed  horizontollv. 
The  power  of  the  capstim  may  be  greatly 
increased  by  adapting  an  arrangement 
of  wheel  work  to  it — ^an  improvement 
which  has  been  adopted  for  several  years 
past  in  the  na\'y. 

Improved  forms  of  capstan  have  been 
patented  in  this  country  within  the  last 
few  vears. 

CARAT.      A  weight  used    by  gold- 
amiths    and   jewellers.      Originally  tlie 
Kuara  bean  was  used  for  this  purpose — 
hence  the  name.    A  carat  is  a  weight  of 
4  grains,   used  in  weighing  diamonds. 
The  term  carat  is  also  used  in  reference 
to  the  fineness  of  gold,  in  expressing 
which  the  mass  spoken  of  is  supposed 
to  weigh  24  carats,  of  12  grains  each  ; 
and  the  pure  gold  is  called  ^A'w/'.    Thus, 
if  gold  be  said  to  be  22  carats  fine  (or 
standard),  it  is  implied  that  22-24tiis  arc 
pure  gold,   and  2-24tha  alloy.      In  the 
process  of  assaying  gold,  the  real  quan- 
tity taken  is  very  small,  generally  from 
6  to  12  grains ;    and  this  is  teniied  the 
cumt/  pound.     It  is  subdivided  into  24 
carats,  and  each  carat  into  4  assay  grains, 
and  each  grain  into  quarters ;    so   tliat 
there  are  8S4  separate  reports  for  geld. 
When  the  gold  assay  pound    is  only  6 
grains,    the    quarter    »issay    grain    only 
weighs  l-»Uth  of  a  {jrain.     This  will  give 
an  idea  of  the  accuracy  rciiuircd  in  the 
weights  and  scales  used'  for  such  delicate 
oj)e  rations. 

CARBOX  in  a  perfc'ctly  pure  state 
is  the  diamond :  le>s  pure  forms  arc 
plum])ngo,  trraphite,  eoUe,  autlniuit*;, 
and  charcoal.  For  its  vari(»us  proper- 
ties, sec  these  ditiVrent  heads.  The 
soot  and  smoke  of  lamps,  gas,  and  other 
substances  of  vetretal)le  oriirin,  is  carbon 
almost  pure.  Carbon  has  many  uses:  it 
forms  the  base  of  a  durable  ink;  of 
crayons;  of  the  filtering  substance,  such 
as  common  eharco:il,  bone,  and  ivory 
black.  It  is  an  admirable  nuiiiure  for 
the  s(/il  :  it  is  one  of  the  best  substances 
for  ri'duciuL''  metals.  When  a  piece  of 
charcoal,  wiiich  is  vcr\-  clean,  and  free 
from  ash,  is  imnicrseil  in  a  sohninn  "f 
metallic  salt,  the  metal  it>elf  is  de]><>sittMl 
on  the  charcoal  with  iUl  its  natural  bril- 


liancy. Salts  of  tin,  copper,  platina,  sil- 
ver, and  gold,  furnish  very  beautiful 
deposits.     When  the  salts  are  too  acid 

I  these  effects  are    not  produced.      The 

I  weak  salts  of  copper  often  yield  upon 
charcoal  the  most  varied  shades  of  color, 
from  the  rich  azure  blue  to  the  deep  cop- 

'  per   color.     There   are    some  parts  of 

j  charcoal  for  which  some  metals  exhibit  a 

j  preference  to  that  of  others. 

I  In  the  three  first  forms  it  has  a  crys- 
talline arrangement.    In  the  others  it  is 

i  amorphous,  and  generally  presents  itself 
OS  a  black,  brittle,  hard  substance,  easily 

'  powdered,  and  quite  unalterable  at  com- 
mon temperatures. 

CARBONATES.  Salts  containing  car- 
bonic acid.  Thev  are  recognized  by  the 
effervescence  which  is  excited  when  they 
arc  put  into  dilute  muriatic  acid.  Carl*o- 
nate  of  linie  is  one  of  the  most  important 
of  these  compounds,  forming  the  vari- 
eties of  marble,  limestone,  calcareous 
sj)ar,  chalk,  &c.  Carbonate  of  lime  con- 
sists of 

Lime 1  atom  =  . .  28 . .  56 

Carbonic  acidl     "     =..22.. 44 
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Carbonate  of  potash  and  carbonate  of 
soda  are  also  important  salts.  {See  Pot- 
ASTT,  Soda.)  Cai-hmate  of  ammntiia  i.s 
used  in  medicine  ;  it  is  a  white  pungent 
salt,  commonly  known  under  the  name 
oi'  i*^m(  J Unij  Halt.  Spirits  of  hartshorn  is  a 
solution  of  imiuire  carbonate  of  am- 
monia, obtained  by  distilling  bone  or 
horn. 

CARBONIC  ACID.  This  important 
compound  is  obtained  when  anv  lorm  of 
carbon,  such  as  the  diamoncf  or  pure 
charcoal,  is  Imnied  in  oxygen  gas.  It 
consists  of  6  carbon -|- 16  oxygen=22 
carbonic  acid  ;  or  of 

Carbon  .  .1  atom 6 27*27 

Oxviren..2     ''     16 72*78 


1  22       100-00 

100  cubical  inebcs  of  carbonic  acid  gas 
weigh  47*'T  LTains.  Under  a  pressure  of 
'M  attnosjdiercs,  at  the  temi)emture  of 
3"J^.  it  becomes  li(|uid;  and  when  the 
pressure  whii'h  retains  it  in  the  Ii«iuid 
state  is  re!nove«i.  the  rapidity  of  the 
evajioration,  and  tlie  suduun  iuul  enor- 
TiioDs  (•x]»!insion  of  the  vaj'or,  are  such 
as  to  produce  a  deirree  of  cold  under 
which  the  ac'hl  solidities,  forininLT  a  white 
concrete  ."-ubstancc  p(>ssi'ssed  of  very  ex- 
tmoidiiiary  piopvrtics.  Mr.  Faradav  was 
the  first  who  litjUtificd  carbonic  aciJ,  but 
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it  WB8  first  described  as  a  solid  by  M. 
Thilourier. 

At  common  temperatures  nnd  prcs- 
tnres  Wftter  absorbs  its  own  volume  of 
carbonic  acid ;  under  a  pressure  of  two 
atmospheres  it  dissolves  twice  its  vol- 
ume, and  so  on.  Carbonic  acid  imparts 
briskness  and  a  slightly  punf^cnt  and 
sour  taste  to  water  thus  impregnated 
with  it:  it  also  confers  the  ctforvescont 
quality  upon  many  mineral  springs.  Car- 
bonic acid  is  recognised  by  its  rendering 
lime-water  turbid.  It  extinquishes  flame 
and  suffocates  animals ;  hence  the  miners 
call  it  choke  dump.  Carbonic  acid  is  con- 
tained in  marble,  chalk,  and  all  the  va- 
rieties of  lime-stone;  from  which  it  is 
extracted  by  strong  heat,  as  in  the  pro- 
cess of  Ifurnifiy  lime ;  or  by  the  action 
of  stronger  acids,  in  which  case  the  car- 
bonic acid  escapes  with  effrr^^Jiceiw^. 
Mountains  of  lime-stonc,  therefore,  are 
great  natural  repositories  of  carbonic 
acid.  This  gas  is  also  produced  during 
the  respiration  of  animals,  and  is  evolved 
in  the  process  ot  fennoutation. 

CARBONIC  OXIDE.  A  gas  com- 
posed of 

Carbon  . .  1  atom 6 42-8 

Oxygen..!     "     8 57*2 


14 
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10<i  cubical  inches  weigh  30-2  crrain^.  It 
is  fatal  to  animals,  and  e.\tin<jruishcs 
flame ;  but  it  burns  in  contact  with  air, 
and  forms  carbonic  acid.  It  is  obtained 
bv  passing  carbonic  acid  over  rctl-hot 
cfiarcoal,  or  by  heating  a  mixture  of  chalk 
or  pounded  marble  and  iron  or  zinc  til- 
ings to  redness.  It  is  not  absorbed  by 
water. 

Ca'kBONIFEROUS.  Atrcoloeioal 
term,  generally  applied  to  beds  or  strata 
containing  ooal. 

CARBOY.  A  larjro  globular  bottle  of 
green  glass  protected  by  basket-work. 
Carboys  are  seldom  used,'except  for  con- 
taininsT  certain  acids  and  other  hitjlily 
corrosive  liquids  likely  to  act  upon  stone- 
ware. A  carboy  of  oil  of  vitriol  usually 
contains  about  160  lbs.  of  that  acid,  or  12 
giillons  of  water. 

CARBUNCLE.  The  ancient  name  of 
a  crcni,  probably  corres|K)nding  witli  our 
precious  nnrnH. 

CARBURET  OF  SULPHUR.  A  lim- 
pid volatile  liquid  of  fetid  smell  and  acrid 
taste.  It  boils  at  11 2^*  F.,  and  eva- 
jKjratcs  so  raj»idlv  as  to  consreal  nicrciiry 
in   a  vacuum.     It  is  composed  of  two 


atoms  of  sulphnr  and  one  of  carbon.  It 
is  used  as  a  solvent  for  caoutchouc. 

CARBURETTED  HYDROGEN.  A 
generic  name  for  the  compounds  of  car- 
bon and  hydrogen,  of  which  there  are 
several,  viz.:  oil  and  coal  gas,  oil  of  lem- 
ons, turpentine,  naphtha,  otto  of  roses,  <fec. 

CARDS — Cardino  Machines.  Instru- 
ments for  arranging  cotton  and  other 
flbres.  After  picking  and  disentangling, 
the  cotton  is  in  the  form  of  a  very  clean, 
light,  downv  substance,  consisting  of 
short  flbres  thoroughly  disentangled.  But 
these  fibres  are  not  parallel:  they  lie 
across  each  other  at  every  imaginable  an- 
gle, and  any  attempt  to  combine  them  to- 
getlier  in  this  state  would  be  fruitless ; 
they  must  be  rendered  parallel,  and  to 
eft'ect  this  is  the  object  of  the  beautiful 
operation  of  cardinrf^  one  of  those  which 
have  exercised  such  a  large  amount  of  in- 
ventive ingenuity.  If  wo  were  to  take 
two  combs,  and  pass  the  teeth  of  one  be- 
tween those  of  the  other,  we  should  have 
a  rude  idea  of  the  process  of  carding,  es- 
pecially if  wo  had  a  few  fibres  of  cotton 
entanirled  among  the  teeth  :  for  the  move- 
ment of  the  two  combs  would  tend  to  ar- 
nmgc  the  fibres  in  some  degree  parallel. 
A  number  of  pieces  of  wire  are  inserted 
in  a  piece  of  wood  or  leather,  so  that  all 
shall  project  to  an  equal  distance  and  at 
an  equal  angle ;  and  if  two  such  pieces 
of  apparatus  were  placed  with  their  wires 
in  contact,  and  moved  in  contrary  direc- 
tions, a  few  fibres  of  cotton  placed  on  the 
lower  one  would  be  comltrd  out  by  the  up- 
per one,  and  arranged  parallel.  In  vari- 
ous stajrcs  of  the  history  of  the  manufac- 
ture, tlie  twocjirds  have  been  arranged  in 
ditferent  ways.  Sometimes  one  was  on  a 
convex  surface,  and  the  other  on  a  con- 
ceive surface  fitted  to  it ;  sometimes  one 
was  on  a  cylinder,  and  the  other  on  a  flat 
surface;  sometimes  both  were  on  the 
surfaces  of  cylinders.  But  the  principle 
of  action  is  the  same  in  all,  and  is  notliing 
more  or  loss  than  a  ]>roceas  of  conihing. 
In  some  arrangements  the  cotton  is 
broueht  into  the  form  of  a  "  lap,"  or  flat 
layer,  by  the  scutching-machine,  and  in 
tlmt  8t4ite  transferred  to  the  carding-en- 
gine ;  while  in  other  cases  the  latter  is 
fed  by  hand  with  cotton. 

These  card-combs  are  sometimes  set  on 
cylinders,  and  applied  to  the  burriui;  and 
canlinir  of  eotton  and  wool. 

In  is  IS,  letters  patent  wen*  (rranted  for 
the  in<Kle  of  constructinif  the  li<>ll<>w  cy- 
linder, to  which  the  teeth  of  burrinir  or 
cardinir  cylinders  arc  to  hQ  attached.  A 
li«rlit  cylinder  of  tiinicd  sheet  metal  is  first 
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made, — ^wire,  oovered  with  tin,  is  then 
wound  tight  and  spirally  all  over  the  con- 
vex surface  of  the  cylinder.  Metal  pro- 
per for  soldering  is  then  poured  over  the 
surface  thus  formed,  which  renders  the 
whole  firm  and  oompact,  the  surface  is 
then  turned  true,  and  the  cylinder  is 
ready  to  receive  the  teeth  of  such  charac- 
ter as  may  be  desired. 

In  the  same  year  patents  were  granted 
for  a  new  method orcoustructing  burring 
cylinders.  A  proper  cyli qder  is  first  con- 
Btructed  for  the  reception  of  the  teeth, 
wire  of  proper  size  is  then  rolled  fiat,  and 
afterwards  planed  in  such  a  manner  as  to 
leave  a  rib  or  shoulder  its  whole  length 
on  the  one  side,  and  a  thin  edge  on  the 
other.  Notches  are  then  filed  into  the 
thin  edge  at  intervals,  thus  forming  teeth. 
The  convex  surface  of  the  cylinder  is  then 
grooved  at  proper  intervals  around  its 
surface,  and  the  toothed  strips  on  the 
edge  having  the  shoulder,  are  laid  into 
the  groove,  and  the  ridges  of  metal  be- 
tween the  grooves  are  forced  down  upon 
the  shoulders  to  hold  them  in  place ;  or 
the  toothed  strips  are  wound  upon  the 
cylinder  and  soldered,  and  the  cylinder  is 
fijiished,  the  shoulders,  &c.,  giving  pro- 
per distance  between  the  rows  of  teeth. 

A  patent  was  also  granted  for  a  carding 
machme,  in  which  a  cylinder,  like  Park- 
hurst^s  burring  cylinder,  is  made  to  work 
against  the  maincylinder.  When  cards 
are  used  the  teeth  will  yield,  and  a  knot, 
closely  matted  toff ether,  misrht  be  carried 
through  the  maohino  without  Ix'injr  pro- 
perly opened ;  but  the  cylinder  above- 
mentioned  would  hold  8ueh  a  knot,  and 
bring  it  successively  in  contact  witli  the 
teeth  of  the  main  cylinder,  until  by  de- 
grees it  would  be  opened  and  carried  for- 
ward. 

Another  patent  has  been  pmnted  for 
improvements  in  this  variety  of  machines, 
which  consists  principally  in  banding 
from  the  main  cylinder,  and  thus  iri\  iiiif 
a  high  speed  to  the  workers  witli  little 
increase  of  power. 

Messrs.  J.  Lambert  and  J.  Ziinmennan, 
of  Waterloo,  New  York,  have  made  an 
improvement  in  the  workinjr  of  carding 
machines,  for  which  they  have  taken  mea- 
sures for  a  patent,  and  which  is  said  to 
card  double  tlie  Quantity  at  least,  in  the 
same  time,  that  lias  usually  boon  done 
by  the  old  mode  of  operation.  The 
"workers,"  instead  of  oarryiiiij  round 
the  wool  from  the  main  cylinder,  at  once, 
by  revolving  in  a  contrary  direction,  re- 
volve with  it,  and  carry  the  \\on\  but  a 
short  distance  to  the  strippero,  and  tlnuH, 


by  the  way,  they  are  geared ;  the  "work- 
ers **  are  rendered  workers  indeed,  and 
not  merelv  in  name. 

CAKMfNK  A  brilliant  lake,  made  of 
the  ooloring  matter  of  the  cochineal  in- 
sect, combined  with  alumina  and  oxide  of 
tin.  It  is  of  different  shades, — either  de- 
pendent on  the  amount  of  alumina  pre- 
sent, or  of  the  adnlterationa  to  whi(ui  it 
is  liable.  Vermillion  is  a  common  one  of 
these.  It  is  always  easy  to  diacover  the 
amount  of  impuritj^,  as  true  carmine  dis- 
solves in  water  of  ammonia,  and  leaves 
the  adulteration  behind.  Starch  is  a  com- 
mon impurity.  To  make  ordinary  car- 
mine, take  1  lb.  powdered  cochineal,  8i 
drachms  of  corbonate  of  potash,  1  oz.  of 
alum,  and  8^  drachms  of  fish  glue ;  boil 
the  cochineal  and  potash  together  in 
thirty  quarts  of  water  in  a  copper,  take  it 
off  the  fire,  and  let  it  settle,  tnen  add  the 
alum  in  powder :  after  fifteen  minutes  the 
liquor  clears,  and  may  be  decanted  from 
the  sediment, — the  bright  clear  fiuid  con- 
taining the  carmine.  This  is  next  de- 
canted into  another  copper,  the  glue  dis- 
solved in  a  large  quantity  of  water  added, 
and  the  whole  Twiled ;  the  carmine  separ- 
ates from  the  liquid,  and  rises  like  a  scum 
to  the  top;  this  must  be  collected,  and 
drained  on  a  filter  of  canvas  or  linen. 

The  China  carmine  is  made  by  adding 
to  the  solution  of  cochineal  and  alum, 
when  freed  from  sediment,  a  solution  of 
tin  ^chloride),  until  the  carmine  ceases  to 
be  t  nrown  down.  Ordinary  carmine  may 
be  briu'hteued  by  dissolving  in  water  of 
ammonia,  and  precipitating  by  acetic 
acid,  washing  in  alcohol,  and  drying. 
(.'annine,  dissolved  in  ammonia,  is  used 
by  painters,  and  called  liquid  cannine. 
Cannine  is  used  in  miniature  painting, 
fine  inks,  water  colors,  and  artificial  flower 
tintintr,  because  it  is  more  transparent 
than  the  other  colors. 

(WKPET.  An  ornamental  covering  for 
the  floor.  The  manufacture  of  carpets  is 
carried  on  to  groat  perfection  in  this 
country.  The  principal  varieties  are  the 
Bru«<sels,  Axniinster,  Wilton,  Kidder- 
minster, and  Venetian.  They  are  gener- 
ally oom]>osed  of  linen  and  worsted.  In 
some  the  pile  is  cut  so  as  to  give  the  car- 
])0t  the  character  of  velvet,  as  in  the  Wil- 
ton carpets.  Kiddertninster  or  Scotch 
carpets  are  entirely  fa]»rieatod  of  wool. 

The  nianufacture  may  l>e  classed  under 
two  heads:  that  of  d(niV)le  fabrics,  and 
tliat  out  to  imitiite  velvets.  The  .Jacquard 
loom  hjis  lately  been  used  in  ear}>et  manu- 
iiictr.ro. 

riiiin  Venetian  carpets  for  stairs  and 
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pDHBura,  nrc  woren  in  simple  loom*,  pro- 
viiied  with  pommon  heddles  and  Teed. 
The  w«rp  should  be  a  BubBUmoe  of  wor- 
sted ysmeoaa  to  cover  inlhoweft.  Kid- 
derminsters are  composed  of  tiro  woollen 

produce  deflnllo  flKHfe;'.  Brussels  carpet- 
ing h»s  ■  basis  eomposcd  of  a  wsrp  and' 
woof  of  stTotig  linen  thrend.  Id  Che  wup 
there  is  added  to  every  two  thrends  of 
linen  ten  threads  of  woolleu,  of  different 
colors.  The  USB  ofthe  linen  thread  is  to 
bind  the  worsted  t<^thcr,  uid  is  not  visi- 
ble on  the  upper  surface.  The  worsted 
f  am,  which  is  raised  to  Ibnn  the  pile,  Is 
not  CDt ;  in  the  Wiltuii  it  is  cut.  The 
following  figure  and  description  wilt  ex- 
plain the  ronslruction  of  the  three-ply 
imperial  Scotch  and  two-ply  Kiddermin- 
ster carpel-loom,  which  is  increlv  a  modi- 
Acstion  of  the  Jacqaard  ni/C>i7.  TheBrus- 
sels  carpet-loom,  on  the  contrary,  is  a 
draw-boy  loom  on  the  daniask  plan,  and 
reijnirea  the  weaver  to  have  ai 


Fig.  *  i  1,  is  the  fhime  of  the  loom,  con- 
sisting of  four  nprijrlit  posts,  wilh  caps 
and  ernss-ruls  to  bind  them  lOi^etbcr. 
The  pnets  are  abODt  s,ii  feet  hiirh.  c  c, 
the  dotU-bcora,  is  a  wooden  cj'liiider,  six 
inches  or  thereby  in  diameter,  of  sufli- 
picnt  length  to  traverse  Ihe  loom,  with 
iron  gudgeons  in  tlie  two  ends,  which 
wr.rk  in  bushea  in  the  side  IVame.     On 

bsckward*  by  the  tension  of  the  web.     o, 


the  lay,  with  its  rmd, 
per  she)],  its  two  laten 
and  rocking-treo  above.  There  Ofo 
grooves  in  the  upper  '^^  under  shell,  in 
to  which  the  reed  ik  fitted,  t,  Ihe  bed- 
dies,  or  hameas,  with  a  donUe  neck  at- 
tached to  each  of  the  tower  orctml  me- 
chanisms rv,  of  the  Jaoquard  loom.  Tlia 
lieddica  ore  connected  and  work  with  tho 
treddles  d  b,  by  means  of  cords,  as  shown 
in  the  figure,  a  o  are  wooden  boxea  for 
the  cnrda.     r,  the  yam  or  warp-boam. 

Mr.  James  Tompleton,  of  Glasgow, 
ScotlniHl,  has  taken  out  a  patent  in  Eng- 
land ibr  an  improved  method  of  manu- 
fttcturlnK  carpctH,  the  designs  of  which 
are  produt?cd  frvm  the  tcrfl  threads, 
whicli  era  proviotisly  printed  to  produce 
.u.  i„; .. —     [jg  makes  velvet 


EadcrnsdeBtgitcd;  heals 
y  the  printed  weft,  whic.  -u.i.  uj,  ...,/.. 
pntlems  on  both  siiies  of  the  carpet,  like 
IhoBc  of  Ihe  iiicrain  carpet.  The  princi- 
ple of  this  important  improvement  in 
cnrpct-wcBving  to  do  away  with  the  Jae- 
'-■  ir<t,  lies  in  the  mode  of  printing  and 


ving- 
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tho  United  States  nrc  nt  Thompsonville. 
They  uso  1(1,000,000  lbs.  of  wool,  and 
lO,!";"!!  ibs.of  flox-yamperannnm.  They 
mnniifiicture  three-ply  Bmssvls  snd  Az- 
min<<ter  carpeting  of  the  richest  puCtems, 
the  weaving  Ijcing  mostly  done  at  pre- 
sent on  liand-looms.  They  have,  how- 
ever, introduced  power-looms  into  tMs 
fnclory,  for  weaving  rugs  and  Ajtminster 
cnri«:li<.  The  wool  for  Aimioster  carpet- 
ing is  first  woven  in  a  web,  and  afterwards 

nilc  conl ;  tii'ia  is  dona  on  a  machine,  in- 
vented by  McBsrs,  Daridaon  and  Parks, 
of  Springfield,  Vt.,  which  in  theflrst  and 
only  one  of  Ihe  kind,  and  has  more  Ihnn 
paid  for  itself  in  nix  montlis.  Tliis  ma- 
ehino  has  over  300  hnndrcd  cutters,  or 
knives,  wliieh  are  attaeheil  to  a  cylinder, 
milking  some  800  revolutions,  and  eiitting 
lull  two  j-nnls  of  tbewob  per  minute  into 
strips,  whieh  Iwing  passed  over  a  gTvjo>'i'd 

si-rled  witiiin  it,  it  is  prepared  for  iveiiv- 
ing.     Besides  tho  lar^  car)>ct  CKtabliKh- 
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CASE.  Ib  tiie  reoeptade  for  the  t^mes, 
from  which  the  compositor  gathers  them 
separately,  and  arranges  tliem  in .  lines 
and  pages  to  print  from.  They  are  al- 
ways in  pairs;  one  of  which  is  styled  the 
npper  case,  and  is  divided  into  ninety- 
eufnt  boxes  or  recesses  of  equal  size,  m 
wnich  are  deposited  the  capitals,  small 
capitals,  accented  letters,  figures,  &c. ; 
the  other  is  styled  the  lower  case,  and  is 
divided  into  fifty-four  boxes  or  recesses, 
of  unequal  ske,  containing  the  small  let- 
ters^ spaces,  &c.,  the  letters  most  in  use 
having  the  largest  boxes  assigned  to 
them.  The  cases  are  two  feet  nine  inches 
long,  one  foot  four  inches  and  a  half 
broad,  and  a  full  inch  deep. 

CASE  HARDENING.  A  i^rocess  by 
which  tools  and  other  iron  articles  have 
their  surfaces  converted  into  steel.  This 
18  sometimes  effected  by  putting  the  arti- 
cles into  an  iron  box  filled  with  charcoal, 
and  cemented  together  for  some  time ;  by 
this  means,  a  tnin  coating  of  steel  i's 
formed  on  the  outside.  Immersion  of 
the  articles  in  boiling  water  or  boiling 
oil  partially  steels  the  surface.  Ferrocv- 
anide  of  potassium  is  used  in  powder  tor 
this  purpose,  thus : — the  article  when 
polished  is  made  red  hot,  then  rubbed 
with  the  powdered  salt.  It  is  decom- 
posed by  tne  heat,  and  the  iron  is  then 
quenched  in  cold  water.  Gas  flame  hard- 
ens iron  verv  well. 

CASHMEkE  SHAWLS.  First  im- 
ported from  that  province,  now  iinituted 
m  France  to  great  perfection.  They  nre 
mode  from  the  downy  wool  found  about 
the  roots  of  the  hair  of  the  Thibet  tfoat. 
The  oriental  caslnnercs  are  woven  by 
slow  processes,  and  bring  from  5<>()  to 
2000  aollars  each,  on  sale,  ])ut  with  the 
draw  loom  and  the  jaoquard  loom  tlie 
French  shawls  rival'  the  oriental,  and 
some  of  them  have  the  advantage  of  be- 
ing woven  without  seam  in  a  single 
piece. 

CASSAVA,   or    Tapioca^   is    obtained 
principally   from   the    Jatrr>j)ha   ManuH^, 
Its  extraction  is  remarkable  for  the  larL'c 
quantity  of  hydrocyanic  acid  which  the 
juice  of  that  plant  contains.     When  dis- 
tilled, it  atlords,  a-s  a  first  product,  a  li- 
quor which,  in  the  dose  of   iiO  drops,  \ 
will   cause   the   death   of  a  man  in  liie  i 
course   of  six  minutes ;   and   it   is   well  j 
known  that  this  ac^id  does  not  pre-exist  \ 
in  the  plant,  but  that  it  is  trcncrattMl  in  ■ 
it,  after  it  is  grated  down  into  a  pulp.    It 
would  be  interesting  to  discover  in  what 
state  the  substance  exists,  from  wiiich  it 


proceeds.  After  the  grating  of  the  rooL 
and  washing  of  the  pulp,  this  is  dried 
upon  hot  plates,  to  agglutinate  it  into 
the  form  oi  concretions,  constituting  the 
tapioca  of  commerce.  But  the  starch  of 
the  washed  root  floated  in  water,  is  spon- 
taneously deposited,  and,  when  dried  in 
the  sun,  forms  GcuMva  flour,  oalled  mous- 
taehe  by  the  French. 

CASSIUS,  PUKPLE  OF.  So  called 
from  its  inventor.  A  beautiful  purple 
used  in  porcelain  painting,  and  for  sUun- 
ing  glass.  It  is  formed  by  immersing 
tiu  in  a  solution  of  gold.  It  is  probably 
a  mixture  of  oxide  of  tin  and  finely  di- 
vided gold. 

CASTING— of  Guns.  Anew  method 
has  been  resorted  to  at  the  Cannon  Foun- 
dry, near  Pittsburgh,  for  the  production 
of  guns.  Instead  of  bringing  them  fron 
the  mould  solid,  and  afterwards  boring 
them,  they  are  cast  with  the  proper  bore, 
the  core  being  carefully  prepared  so  as  to 
enclose  a  circle  of  colci  water,  which  it 
receives  and  discharges  in  a  continuous 
current,  during  the  process  of  cooling, 
the  object,  probably,  being  to  chill  the 
inner  surface  more  rapidly  tnan  the  outer, 
and  thereby  give  it  a  greater  density  and 
strength.  The  plan  is  the  suggestion  of 
Lieuti  Rodman  :  and  two  guns— one  cast 
on  the  old  and  the  other  on  the  new  plan 
— having  been  subjected  to  the  usual 
tests,  the  first  exploded  on  the  84th,  and 
the  latter  on  the  2r»5th  round.  This 
shows  a  great  superiority  over  the  com- 
mon mode  of  making  cannon,  and  if  fu- 
ture experiments  substantiate  this  suc- 
cessful one,  Lieut.  Rodman's  invention 
will  come  into  general  use. 

( ' ASTl N(i— in  Metal.     (See  Foundry.) 

CATECHU.  The  extract  of  the  At«- 
cia  Catechu,  an  astringent  substance, 
consisting  of  tannin  and  extractive  mat- 
ter imi>ortcd  from  I^ngal  and  Bombay. 
The  tannin  constitutes  one-half  of  the 
extract,  and  unlike  that  from  galls,  is  sol- 
uble in  alcohol,  and  more  soluble  in  water. 
It  is  much  u^ed  for  brown  color  in  dye- 
ing and  calico-printing. 

CATGUT.  The  strings  of  musical  in- 
struments, clock  conls,  and  a  few  other 
materials  of  >upport,  arc  made  of  an  ani- 
mal sul)>taMce  culled  catgut,  which  is  the 
twisti'd  muscular  c»>at  of  the  intestines 
of  cattle  and  sliccj^  To  scpanite  the 
muscular  from  the  peritoneal  and  mu- 
cou-i  coats,  the  intestine  is  >tccped,  scour- 
cil.  tVrmente<l,  anil  inflated.  It  is  then 
twi^tc(l,  rubbed  smooth  with  horsehair, 
bleached  with  sulphur,  and  dried.     The 
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Italian  oatipit  for  violin  and  harp-strinffs 
is  the  finest.  Lean  animals  farnish  the 
best  catfipit;  henoo  this  monufi&ctnre 
might  in  our  Western  States  be  made 
not  only  profttaUe,  bat  of  soperior  qnal- 
ity. 

CAUSTIC,  Lnnar.  is  the  salt  obtained 
by  evaporating  gently  the  nitric  acid  so- 
lution of  silver  to  ^rvness,  in  a  silver 
vessel,  oontinninff  the  heat  until  it  melts ; 
ana  when  in  fusion,  ponrinf  it  into 
monlds,  or  cast  it  into  slicks,  the  size  of 
the  barrel  of  a  common  quill. 

C  A  VI AR.    The  salted  row  of  the  stur- 

Sion :  a  manofiictnre  confined  to  the 
ussians. 

CAULKING  SHIP  consists  in  driving 
a  quantity  of  oakum  or  old  ropes  un- 
twisted, and  drawn  asunder  into  the 
seams  of  the  planks,  or  in  the  intervals, 
where  the  planks  are  joined  together  in 
the  ships,  deck,  or  sides,  in  order  to 
prevent  tne  entrance  of  water.  After 
the  oakum  is  driven  into  these  seams,  it 
is  oovered  with  hot  melted  pitch  or  resin 
to  keep  the  water  from  rotting  it. 
Among  the  Poles  in  Europe  a  sort  of 
unctuous  day  is  used  for  the  same  pur^ 
pose  on  their  navigable  rivers. 

CEDBA.  The  Aruit  of  a  spcdos  of 
dtron,  having  a  thick  peel,  ana  an  epi- 
dermis having  a  fhigrant  and  essential 
oil.    The  peel  is  used  in  making  liqueur. 

CELE8TINE.  Native  sulphate  of 
strontia;  decomposed  by  ignition  with 
charcoal  into  sulphuret  of  strontia,  which 
is  converted  into  nitrate  by  saturation 
with  nitric  add,  evaporation,  and  crys- 
tallization. The  nitrate  is  used  for  red 
light  in  theatres. 

CEMENTATION  implies  the  imbed- 
ding of  any  solid  substance  in  a  pulve- 
rulent matter,  and  exposing  both  to  ig- 
nition in  an  earthen  or  inetollio  case. 
Iron  is  thus  cemented  with  charcoal  to 
form  steel,  and  bottle-gloss  with  gypsum 
powder,  or  sand,  to  form  Reaumnr^s 
porcelain. 

CEMENTS.  Substances  capable  of 
taking  the  liquid  form,  and  of  being  in 
that  state  applied  between  the  surfaces 
of  two  bodies,  so  as  to  unite  them  by 
solidifying.  They  may  bo  divided  into 
two  cLbssos,  those  wiiich  are  applied 
through  the  agency  of  a  liquid  mcn- 
ttruum,  such  as  water,  alcohol,  or  oil, 
and  those  which  arc  applied  by  fusion 
with  heat. 

The  diamond  cement  for  uniting  broken 
pioocs  of  china,  glass,  i&c,  which  is  sold 
as  a  secret  at  an  absurdly  dear  price, 


is  composed  of  isinglass  soaked  in  water 
till  it  oeoomes  soft,  and  then  dissolved 
in  proof  spirit,  to  which  a  little  gum 
resin,  ammoniac,  or  galbanum,  and  resin 
mastic  are  added,  each  provionslv  dis- 
solved in  a  minimum  of  ucohol.  \Vhcn 
to  be  applied,  it  must  be  gently  heated 
to  liqueVy  it ;  and  it  should  be  kept  for 
use  in  a  well-corked  viol.  A  glass  stop- 
per  would  be  apt  to  fix  so  as  not  to  be 
removable.  This  is  the  cement  cm- 
ployed  by  the  Armenian  jewellers  in 
Turkey  for  glueing  the  ornamental  stones 
to  trinkets  of  various  kinds.  When  well 
made  it  resists  moisture. 

Shellac  dissolved  in  alcohol,  or  in  a 
solution  of  borax,  forms  a  pretty  good 
cement.  White  of  cflrff  alone,  or  mixed 
with  finely  sifted  quicklime,  will  answer 
for  uniting  objects  which  are  not  ex- 
posed to  moisture.  The  latter  combina- 
tion is  very  strong,  and  is  much  em- 
ployed for  joining  pieces  of  spar  and 
marble  ornaments.  A  similar  compo- 
sition is  used  by  copper-smiths  to  secure 
the  edges  and  rivets  of  boilers;  only 
buUock^s  blood  is  the  albuminous  matter 
used  instead  of  white  of  Qft^,  Another 
cement  in  which  an  analogous  substance, 
the  curd  or  coscum  of  milk  is  employed, 
is  made  by  boiling  slices  of  skim-milk 
cheeses  into  a  gluey  consistence  in  a 
great  quantity  of  water,  and  then  incor- 
porating it  with  quicklime  on  a  slab  with 
a  mullor,  or  in  a  marble  mortar.  When 
this  compound  is  applied  warm  to  broken 
edges  or  stoneware,  it  unites  them  very 
firmly  after  it  is  cold. 

A  cement  which  graduollv  indnmtea 
to  a  stony  consistence  may  bo  made  by 
mixing  20  parts  of  dean  river  simd,  two 
of  litharge,  and  one  of  quicklime,  into  a 
thin  putty  with  linseed  oil.  The  quick- 
lime may  bo  replaced  with  litharge. 
When  this  cement  is  applied  to  mend 
broken  pieces  of  Htone,  as  steps  of  stnirs, 
it  acquires  niter  some  time  a  stony  hard- 
ness. A  similar  composition  has  been 
applied  to  coat  over  brick  walls,  under 
the  name  of  miistic. 

The  iron-rust  cement  is  made  of  from 
50  to  100  parts  of  iron  boring?*,  pounded 
and  siftcci,  mixed  with  one  part  of  sal- 
ammoniac  ;  and  when  it  is  to  be  applied, 
moistened  with  ns  much  water  as  will 
give  it  a  pasty  consistency.  Fonncrly 
flowers  of  sulphur  were  used,  and  iiiucli 
more  sal-ummoninc  in  making  this  ce- 
ment, but  with  decided  disadvantaero, 
as  the  union  is  ctfcctcd  by  the  oxydizc- 
ment,  consequent  expansion,  and  solidi- 
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flcation  of  the  iron  powder,  and  any  he- 
terogeneous matter  obstracts  the  effect. 
The  best  proportion  of  sal-ammoniac  is, 
I  believe,  one  per  cent  of  the  iron  bor- 
ings. Another  composition  of  the  same 
kind  is  mode  by  mixing  4  parts  of  fine 
borinps,  or  filings  of  iron,  2  ports  of 
potter^ sday,  and  1  part  of  pounded  pot- 
sherds, and  making  them  into  a  paste 
with  salt  and  water.  When  this  cement 
is  allowed  to  concrete  slowly  on  iron 
joints,  it  becomes  very  hard. 

For  making  nrchitectural  ornnmcnts  in 
relief,  a  moulding  composition  is  formed 
of  chulk,  glue,  and  paper  paste.  Even 
statues  have  been  made  with  it,  the 
paper  aiding  the  cohesion  of  the  ninss. 

Mastics  of  a  resinous  or  bituminous 
nature  which  must  \)e  sottencd  or  fused 
by  heat  arc  the  followinir  : 

Mr.   S.    Varlcy's   consists    of  sixteen 

Sarts  of  whiting  sifted  and  thorou;rlily 
ried  by  a  red  heat,  addiuj;  wlieu  cold 
a  melte<l  mixture  of  10  parts  of  black 
resin  and  1  of  l)ccs'-wftx,  and  stirring 
well  during  the  cooling. 

Mr.  Singer's  electrical  and  chemical 
apparatus  cement  consists  of  5  lbs.  of 
resin,  1  of  becs'-wax,  1  of  red  ochre, 
and  two  tablc-snoonsful  of  Paris  plaster, 
all  melted  togetlicr.  A  cheaper  one  for 
cementinjf  volt^iic  plates  into  wooden 
troughs  is  made  with  6  lbs.  of  resin,  1 
pound  of  red  ochre,  i  of  a  ]touMd  of 
plaster  of  Paris,  and  |  of  a  I'OuikI  of  lin- 
seed oil.  Tlic  ochre  and  tlio  ]il:isTcr  of 
Paris  should  be  oalciiii'd  hetorchaiKl,  and 
added  to  the  otlier  iiiLTtMlicnts  in  their 
melted  state.  The  thimier  tlie  stratiiiii 
of  cement  that  is  interi'<»>e<l.  the  stronir- 
er,  irenerally  speakinL',  is  the  junriidn. 

Boiled  linseed  oil  and  red  lead  mixed 
gethcr  into  a  J>ntty  are  often  ii-ed  by  e«»p- 
persmiths  aiin  eiiiritieers.  to  secure  joints. 
The  washers  of  Kather  (»r  el<»th  are  stnear- 
ed  with  this  mixture  in  a  pasty  state. 

The  resin  niastie  alone  i>  soinrtijnes  to- 
used  by  jc\vellei*s  to  eenient  hy  heat  ca- 
meos of  white  enamel  or  eohn-ed  tdass  to 
a  real  stone,  as  a  trroniul  to  piYKJnce  the 
appearatiee  of  an  onyx.  Masti<-  is  like- 
wise used  to  Cement  false  harks  or 
doublets  to  ston<'s,  to  jdter  their  hue. 

Melted  brimstone,  either  alone,  or 
mixeil  with  re>in  and  brirk  <liist,  li'nns 
a  tolerably  L'ood  and  very  ehea[>  e«-niejit. 

I'lumher's  ecnient  eonsisfs  <»f  hl;n-k 
re*<in  one  j>art.  hirick  dust  twct  pnrts,  well 
inoorj)orateil  hy  a  nultiiiLr  heat. 

The  hiturninoiis  (ir  hhick  ceincnt  for 
bottle  corks,  is  pitch  hardened  hy  re-in 
and  brick  dust.      Tlie  followiiii;  tnakes  a 


I  good  cement  for  mastic  works :  mix  60 

!  parta  of  silieious  sand,  50  parts  of  lime 
marl,  or  pulverized  brown  sand  stone 

I  and  8  parts  of  litharge.  When  the  ce- 
ment is  used  it  is  to  be  ground  ap  with 
linseed  oil. 

An  excellent  cement  for  resisting  mois- 

!  ture  is  made  by  incorporating  thoroughly 
8  parts  of  melted  glue,  of  the  consistence 
used  by  car]>enters,  with  4  parts  of  lin- 
seed oil,  boiled  into  varnish  with  lithaiye. 

I  This  cement  hardens  in  about  forty-ei^ht 
hours,  and  renders  the  joints  of  wooden 
cisterns  and  casks  air  nnd  water  tight. 
A  compound  of  glno  with  one-fourth  its 
weight  of  Venice  turpentine,  made  as 

[  above,  serves  to  cement  glass,  metal,  and 
wood,  to  one  another.  Fresh  made 
cheese-curd,  and  old  skim-milk  cheese, 
boiled  in  water  to  a  slimv  consistence, 
disst>lved  in  a  solution  of  bicarbonate  of 
potash,  are  said  to  form  a  good  cement 
tor  glass  and  porcelain.  The  gluten  of 
wheat,  well  prepared,  is  also  a  good 
cement.  White  of  esrgs,  with  flour  and 
water  well  mixed,  and  smeared  over  linen 

I  cloth,  forms  a  ready  lute  for  steam  joints 

i  in  small  appanitns. 

White  lend  ground  upon  a  slab  with 
linseed  oil  varnish,  and  kept  out  of  con- 
tact of  air,  alfords  a  cement  capable  of 
re])airing  fractured  botlics  of  all  kinds. 
It  requires  a  few  weeks  to  harden.  When 
stone  and  iron  are  to  be  cemented  toge- 
ther, a  compound  of  equal  parts  of  sul- 
phur with  pitch  answers  verv  well. 
For  hvdraulic  cement,  /»<?<•  Mortar. 
Mr.  Keating,  of  London,  has  patented 
a  mode  of  eonihiniiiif  L'^ypsuin  or  other 
ealeareous  sui>>tanees  willi  borax,  for  a 
cement. 

!*ie]>arate  solutions  of  bomx  and  crude 
tartar  are  made,  ami  then  mixed:  cal- 
cined irypsum  is  then  added  in  lumps  to 
the  liipior,  and  allowed  to  remain  tdl  it 
lias  absorbed  all  it  will  take  up.  It  is 
tlien  taken  out  and  heatetl  in  an  oven  : 
aL'ain  put  in  the  s<»li)tion  and  at^erwards 
burned  :   when  it  is  tit  for  use. 

('KNTI(;KA1)K  division.  The  di- 
vision int<»  r/nit/(M  or  degrees  by  bnn- 
(bcdth  p;irt>.  A  unity  ol'  any  deiiond- 
nation  i'tin«r  «lividcd  into  loo  cfpial 
]>arts,  torms  a  ecntiirrade  scnle :  but  the 
term  most  frcpicntly  oecnrs  in  seieiititie 
works,  in  retcicnce  to  the  FreTieh  divi- 
sion of  the  "icale  of  tlie  thermometer. 
The  tixid  points  ot'  tlu*  therinometric 
scale  arc  the  ]inint>  at  which  water  freezes 
on  the  one  hand,  and  boils  on  the  other; 
the  distani'c  hi! ween  these  two  points 
Vieing  <li\  ided  into  loo  degrees,  the  cen- 
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le  Male  it  formed.  In  Fahrenheit's 
scale,  which  is  usually  applied  to  the 
thermometer  in  this  conntiy,  the  same 
distance  is  divided  into  180  decrees ;  a 
degree  of  the  centigrade  scale  is  there- 
fore greater  than  a  degree  of  Fahrenheit 
in  the  proportion  of  IBO  to  100,  or  of  9  to 
5.  Any  number  of  d^^rees,  therefore. 
on  the  centigrade  scale,  Being  miiltipliea 
by  9  and  divided  by  5,  will  give  the  equi- 
valent number  of  degrees  of  Fahrenheit. 
But  in  comparing  temperatures  express- 
ed bv  the  two  scales,  it  is  necessary  to 
recollect  that  the  zero  of  Fahrenheit's 
scale  is  not  placed  at  the  freenn^  point, 
but  82°  below  it.  An  example  will  best 
ahow  how  this  is  to  be  taken  into  ac- 
count. Let  it  be  required  to  express  on 
Fahrenheit's  scale  the  temperature  corre- 
sponding to  10°  centigrade.  Here  10  X 
9  -3-  5  =  18 ;  to  this  odd  82,  and  we  have 
18  -t-  82  =  50 :  so  that  10  degrees  of  the 
centigrade  scale  correspond  to  50  degrees 
of  Fiuircnheit's. 

CENTRIFUGAL  FORCE.  The  force 
by  which  a  body  in  rotation  tends  to  re- 
cede from  the  centre  of  motion :  Centri- 
petal Force,  that  by  which  a  body  in 
motion  is  nxged  towards  a  centre,  and 
compelled  to  describe  a  curve  instead  of 
a  straight  line. 

CENTRIFUGAL  MACHINE.  A  ma- 
chine moved  by  the  centrifugal  force  of 
water ;  freauentlv  called  from  its  inven- 
tor, Barkers  Mill.  It  consists  of  a  hol- 
low metal  cylinder  or  pipe  of  metal  placed 
upright,  and  rcstinio^  on  a  pointed  steel 
pivot  at  A.  The  pipe  is  widened  or  ex- 
tended into  a  f\innel  shape  at  the  top  B. 
and  is  kept  in  its  position  by  a  vertical 
steel  axis  C  D,  passing  through  a  frame 
at  the  top.  Towards  the  lower  cxtrem- 
itv,  two  or  more  small  pipes  A  E,  A  F, 
with  closed  external  ends,  arc  inserted  at 
right  angles  to  the  axis.  In  the  side  of 
each  of  these  an  orifice  is  made  m  near 
as  possible  to  the  end,  and  on  opposite 
aides,  so  that  water  from  them  may 
■pout  horizontally  in  opposite  directions. 

Water  is  conveyed  into 
the  funnel  at  the  top, 
through  the  pipe  G.  in 
such  quantities  that 
the  tube  ia  kept  con- 
stantly full,  while  the 
discharge  is  going  on 
at  the  orifice  near  the 
extremities  of  tlio  ho- 
rizontal pipes.  In  this 
state  of  things  the  re- 
sistance or  reaction  ge- 
nerated by  the  water 


issuing  from  the  side-holes  is  such  as  to 
throw  the  vertical  pipe,  with  its  arms 
and  axis,  into  rapid  rotator}'  motion ;  and 
this  axis  may  communicate  its  motion  or 
power  to  wheclwork  or  machinery,  or  to 
a  mill-stone  connected  with  its  upper 
end.  A  machine  of  the  same  construo- 
tion,  but  having  the  arms  at  the  upper 
end,  and  turned  rapidly  by  means  of  a 
wheel  and  pinion,  was  invented  by  a  Mr. 
Erskine  for  raising  water.  Centrifugal 
Machine  is  also  used  synonymously  with 
Whirling  Machine. 

CER ASI N.  Cherry-tree  gum :  a  name 
given  to  gums  which  swell  and  soften, 
but  do  not  readily  dissolve  in  water. 

CERATE.  An  ointment  made  of  wax 
and  oil,  or  spermaceti. 

CERATRIN.  The  bitter  principle  of 
Iceland  moss. 

CEREAL  GRASSES.  Those  which 
j^ve  flour  fit  for  bread :  such  as  com, 
wheat,  rve,  barley,  oats,  rice,  and  millet. 

CERINE.  One  of  the  principles  of 
wax :  soluble  in  alcohol ;  there  is  nearly 
80  per  cent,  of  it  in  bees- wax.  It  is  white, 
melts  at  184°,  and  is  carbonized  by  sul- 
phuric acid.  Cork  grated  and  boiled  in 
alcohol,  ftimishes  a  substance  resembling 
cerine. 

CERITE.  A  siliceous  oxyde  of  cerium. 

CERIUM.  A  metal  named  aflcr  the 
planet  Ceres,  and  discovered  in  1803  by 
llisinger  and  Bcrzelius  in  a  Swedish  mi- 
neral tenned  ceriUy  and  since  found  by 
Br.  Thompson  in  AUanite^  a  mineral 
from  Greenland.  It  is  said  to  be  a  white 
brittle  metal,  very  difficult  of  fusion,  and 
volatile  when  intensely  heated ;  but  we 
are  scarcely  acquainted  with  it  in  its 
metallic  state.  Its  equivalent  number 
appears  to  be  48,  on  the  hydrogen  scale. 

CEROSTKOTUM,  or  CESTROTUM. 
A  species  of  encaustic  painting,  executed 
chiefly  on  horn  or  ivory  with  a  particular 
sort  of  stylum  called  a  cestrum,  which 
was  pointed  at  one  end  and  flat  on  the 
other.  The  cestrum  was  heated,  and 
with  it  the  lines  of  the  subject  wore 
burnt  in,  and  wax  introduced  into  the 
furrows  made  by  the  heated  instrument. 
Poors  were  sometimes  ornamented  with 
tliis  species  of  painting. 

CERULIN.  Indigo  dissolved  in  sul- 
phuric acid. 

CERUSE.    Carbonate  of  lead. 

CETINE.    Pure  spermaceti. 

CIIABAZITE.    A  variety  of  Zeolite. 

CHAFF.  The  husk  or  withered  calvx 
of  grasses,  and  more  especially  of  tho 
bread  corns.  The  term  is  also  applied  to 
straw  or  hay  cut  into  very  short  lengths, 


cvcLOPKDiA  or  IHI  UHirill.  i 


uid  nsed  for  miiiDg  with  corn,  rw^  ^ 

kind  of  i^tff,  in  greater  leti^ha,  is  aleo 
med  for  mixing  with  mortar  on  some 
jmrWof  tboContitieiil,  more  particularW 
U  Gemumj  »nd  Buasia ;  and  it  is  ueed 


were  used  by  Che  auciect  Egfptiaoa 
makinE  brivks. 

CHAINWOEK.  A  pecuiiar  sljla  of 
fabric  U>  which  hosiery  and  tomlwuriug 

ChI'iR-RAIL.  Mr.  Van  Anden  has 
aecared  a  patent  for  a  wrought  iron  clinir, 
which  dispUyB  mnch  ingenuilj,  and  " 


Figure,  So. 

view  of  the  rail  SMured  in  the  chu 
'*      "   '         ■   «  of  the  chi 


B  E  are  the  sections  of  two  mils  pinmd 
loeether  and  secured  at  Ihe  j  mil  on  Ilia 
chair  by  the  jaws,  B  B  the  Oiair  ib 
boiled  down  by  the  fplkca,  (.  t  In  fi,; 
2  tho  chair  la  rcprcscnU.l  w  ni  i.U  o(  a 

"Tiie  m^hino  Vnkd  tin  bnr  ol  I'r  In  «»  I't 
pomes  fnim  tlio  rollx— Tills  it-l  riii-  Ih. 

(he  chair  at  a  single  lilow  iiii  cliiiirm 
set  in  its  proper  place  ■  n  Ihc  iruik, 
spiked  down,  niid  Hit  ends  I  Ihc  tno 
rails  brooglit  together  witbiti  tlii.  juw-i 
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H  repreMDted  in  fig.  1.    The  jaws  an 

then  hammered  down  snug  upon  the 
bed  plate  of  the  ruls,  thus  Beouriog  them 
in  the  moet  perrect  manner.  The  advui' 
cures  of  the  wrought  over  the  cost  iron 
ra^  chair  admits  of  buc  litlJe  argument. 

CHALCEDONY.  A  senii-tranaperent 
silicioua  mineral,  apparencly  formed  by 
the  inflltralion  of  siliciousmatteni  origin- 
ally in  a  state  of  solution.  It  is  of  various 
coloni,   and  of\eii   buided.    The    flnest 

Cbalccdon  In  Asia. 

CHALCOGBAPHY.  The  art  of  en- 
gntvitig  on  brass  and  copper. 

CHALK.  Earthy  carhonate  of  lime. 
(*«Li(ia.) 

CHALYBEATE.  Medidnes  and  min- 
eral waters  containing  iron  are  oalled 
chalvbeates. 

CllAMELEOJf  MINERAL,  A  com- 
pound of  nmngancsic  acid  and  polasl)^ 
which  preseuta  a  variety  of  tint*  wlieu 
dissolttd  in  water.  As  it  has  of  lata 
been  largely  employed  for  whitening  lal- 
loK,  )udm  oil,  and  decoloring  other  or- 
ganic matlerH,  it  merits  description.  It 
txiBls  in  two  Slates;  one  of  which  ii 
called  ti\  chemisTs  Che  niangauiite  of  pot- 
ash, and  the  oilier  the  oxymangiuuite ; 
denctinf  tliut  the  BrsC  is  a  compound  of 
manganic  acid  with  potash,  and  tlist  the 
second  IS  a  compound  of  oxymonganio 
acid  with  the  some  base.  They  are  both 
prepared  in  nearly  the  aoine  way ;  the 
former  by  mlcining  together,  at  a  red  heat 
in  a  cot  ercd  orneible,  a  mlilure  of  one  part 
of  the  bluck  peroxide  of  m '"'" 


i>  cold  y. 


ooU.    U\i 


(luir  hilt  by  no  means  filtered  for  foirof 
till  iliouiiipiKtitinn  to  which  it  is  vci^ 
pr  iiL  U  hen  the  ileeaiited  liitaid  la 
(.Mipnmtwl  under  the  exhaDBted  receiver 
nt  iin  air  pump,  over  a  surthoe  of  aiil- 
plinni  111.11I,  it  ulir<>r>lii  crystulH  of  a  beau- 
lifiil  grLiii  coliir,  which  shoiildbe  laidon 


Tim 


-,  bni 


«h>iihl  l«ki-iJ  in 

well-oorkcd  boltle. 

I  hv  wHtcr,  bin  di»- 

s.>lve  in  weak  wi,i..r 

fpntash.     Ondiliit- 

iiiir  till.'  mTi^h.  deer. 

ciisucH,  with  alt  lh( 

.■hiinifliTn  chatii.'c* 

oflint;  Tfl.hliif.Bn 

1  vi..kt.   Soni.tiiii« 

a  griin  Miliitiuii  of  I 

is  siJt  bccoTiU'B  reJ 

on  Wing  hculcd,  ui 

I  iircai-rvea  this  cw 

|.>rev,,N  wIivNimM. 

lit  n-simies  it:.  «re.>u 

.hoken.     The  on- 
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filial  eilofned  maae,  in  being  diwolved, 
Mvays  deposits  ft  oonBiderable  qnantitj  of 
a  brown  powder,  which  is  a  compound  of 
the  add  and  peroxide  of  manffanese  com- 
bined with  water.  Much  of  the  potash 
leroainB  onohanged,  which  may  be  reco- 
vered. 

A  permanent  ozymanganic  salt  may  be 
made  as  follows : — ^Helt  chlorate  of  pot- 
ash over  a  spirit  lamp,  and  throw  into  it 
a  few  pieoes  of  hydrate  of  potash,  which 
immeaiatelv  dissolve,  and  lorm  a  limpid 
liqoid.  When  peroxide  of  manganese  in 
flne  powder  is  gradually  introduced  into 
that  melted  mixture,  it  immediately  dis- 
solves, with  the  production  of  a  rich 
^reen  color.  After  adding  the  manganese 
m  excess,  the  whole  is  to  K>e  exposed  to  a 
gentle  red  heat,  in  order  to  decompose 
the  residuary  chlorate  of  potash.  It  is 
now  a  mixture  of  manganate  of  potash, 
chloride  of  potassium  and  peroxide  of 
manganese.  It  forms  with  water  a  deep 
men-colored  solution,  which  when 
boiled  assumes  a  fine  red  color,  in  conse- 
quence of  its  becoming  on  oxymanganate, 
and  it  ou^ht  to  be  decanted  off  the  sedi- 
ment while  hot.  By  cooling,  and  still 
more  after  further  evaporation^  the  oxy- 
manganate of  potash  separates  in  crystals 
possessed  of  great  lustre ;  but  toward  the 
end  colorless  crystals  of  chloride  of  potas- 
sium. 

CHABCOAL.    A  form  of  carbon,  ob- 
tained by  burning  wood  with  the  imper- 
fect access  of  air,  or  by  heating  or  dis- 
tilling it  in  iron  cylinders  so  constructed 
as  to  allow  of  the  collection  of  the  vola- 
tile   products;    among  which    are    tor, 
and  pfrcUgfieowt  acid,  which  is  impure 
vinegar.    Charcoal,  exclusive  of  its  im- 
portant use  as  a  fuel,  is  possessed  of  some 
curious  and  valuable  properties.    It  is  a 
very  bad  conductor  oi  heat ;  and  hence 
powdered  charcoal  is  used  to  surround 
tubes  and  vessels  which  are  re<^uired  to 
retain  their  heat.    It  is  not  injured  by 
air  and  moisture  :  hence  stakes  and  piles 
are  superficially  cnarred  to  preserve  them. 
It  is  mfuf^ible ;  and  provided  air  be  care- 
fully excluded,  it  undergoes  no  chanjEre 
in   most  intense  heats.    It  absorbs  tiir 
and  moisture,  and  also  the  coloring  and 
odoriferous  parts  of  many  animal  and  ve- 
getable substances.    Tainted  flesh  and 
putrid  water  are  thus  sweetened  by  the 
action  of  powdered  charcoal,  especially 
by   what   is   called  animal  eharcfxil^  ob- 
tained by  burning  bone,  or  the  clippinsrs 
of  hides,' leather,  Ac.    Colored  vejretable 
solutions  filtered  through  well  burned 
flharooai  are  materially  decolored  by  it: 


when  bunied  in  oxygen  or  air,  it  is  con- 
verted into  earbonio  add,  {Sm  Diamond 
and  Cakbom.)  Common  charcoal,  in- 
tended merely  for  fuel,  is  prepared  by 
cutting  pieces  of  wood  firom  1  mch  to  8 
inches  in  diameter,  into  lengths  of  fIrom 
1  foot  to  8  feet,  forming  them  into  a  coni- 
cal pile,  and  covering  tnem  with  turf  or 
day ;  leaving  two  or  three  small  hdes, 
dose  to  the  ^^und,  for  lighting  the 
wood,  and  bonng  through  the  turf  m  the 
upper  part  of  the  cone  a  few  other  small 
holes  ror  the  escape  of  the  smoke.  The 
pile  being  ligbtea  at  the  several  holes 
along  the  bottom,  continues  bnminff 
with  a  slow  smouldering  flame  for  a  week 
or  two,  and  is  allowed  to  cool  before  the 
turf  is  removed.  In  the  case  of  very 
high  winds,  the  holes  to  the  windward 
are  stopped,  to  prevent  combustion  f^om 
going  on  with  too  great  rapidity.  Char- 
coal obtained  by  oistilling  beech- srood, 
log-wood,  willow,  and  other  woods  which 
are  free  from  resin,  is  called  cyUncUr 
charcoal.  The  charcoal  employed  in  the 
manufacture  of  gunpowder  is  now  always 
so  prepared. 

It  is  not,  however,  by  any  means  as 
good  as  that  prepared  by  the  burning  of 
peat  or  turf.  More  charcoal  is  obtained 
oy  the  slow  combustion  of  the  wood  than 
bv  the  quick.  The  Quantity  of  diarcoal 
obtainable  from  wooa  varies  fVom  12  to 
25  per  cent. 

Animal  charcoal  is  superior  in  its  de- 
colorizing power  to  vegetable  charcoal. 
In  filtering  ale  through  it,  it  was  found  to 
abstract  oil  the  bitter  principle;  it  has 
also  the  property  of  separating  sulphate 
of  a  ulna,  many  salts  oi  the  alkaloids,  as 
well  as  other  saline  matters  fVom  their 
solutions. 

Its  absorbing  power  over  gases  is  great- 
est when  it  is  ft-csh.  It  ucts  with  differ- 
ent energy  on  different  gases ;  thus,  one 
cubic  inch  of  charcoal  will  absorb  of 

Ammoniacal  Gaa 90  cabic  rnchet. 

Muriatic  Acid 85  " 

SulphurouR  Acid    65  " 

Sulphu relied  Hydrogen   ..56  ** 

Carbonic  Acid 35  " 

OyxBcn 9i  " 

Hydrogen l}  « 

Hence  the  great  value  of  charcoal 
thrown  into  cesftpools  and  privies,  to  ab- 
sorb odors ;  hence  its  use,  added  to  gua- 
na, fcecal  motter,  urine,  or  any  substance 
giving  off  gases  valuable  for  growth  of 
vetretation.  Its  chief  value  us  ii  manure 
depends  on  this  property.  Charcoal  is 
oceasionftllv  used  as  a  polishing  powder. 

CUAKEtD  WOOD.   Wood,  the  outer 
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Borface  of  which  has  been  carbonized  hj 
baming,  in  order  to  preserve  it  from  de- 
cay when  it  is  boried  in  the  eoil. 

'CHARRING  OF  POSTS.  The  prac- 
tice of  carbonizing  by  burning  that  por- 
tion of  the  Burtace  of  wooden  posts 
which  is  to  be  inserted  in  the  ground. 
The  object  is  to  prevent  the  posts  from 
decnying,  more  especially  at  tne  surface 
of  the  ground,  or,  as  the  common  phrase 
is,  between  wind  and  water.  Tlic  prac- 
tice is  common  in  most  parts  of  Europe, 
and  even  in  Russia  and  bwedcn,  though 
timber  is  there  so  abimdaut.  DipjMug 
the  ends  of  the  timber  in  oil  of  vitriol, 
diluted  with  four  parts  of  water,  chars 
the  outside  of  the  wood,  and  answers 
very  well  for  stakes  and  fence  wood. 

CHASING.  Embossing  in  metal.  The 
work  to  be  embossed  as  oassi  relicvi  are 
punched  out  from  the  back,  and  then 
cut  on  steel  blocks  or  punclieous,  and 
cleared  with  small  chisels  or  gravers. 

CHEE8E  consists  of  the  curd  of 
milk  mixed  with  some  of  the  fatty  mat- 
ter and  sugar  of  milk.  Ditferencc  in  the 
quality  of  the  milk  and  the  dairv  niau- 
ufirement  detennincs  endless  variety  in 
tiio  produce.  To  separate  the  curd  or 
casein  it  is  necessary  to  acidify  the  milk, 
and  adopt  such  other  means  as  will  sern- 
rate  the  curd  rapitUy  and  etrectually. 
The  liquid  portions  'have  then  to  be 
expressed  from  the  cake  of  curd.  Any 
acid  will  coagulate  milk,  but  roiuict  is  the 
acidulous  substance  always  usoil.  Belore 
adding  n-iinet  new  milk  sliouUl  he  ln'iitcd 
un  to  'jr»°  F. ;  skim  milk  not  so  hiirh. 
This  separates  the  curd  in  a  toucher 
and  harder  state.  The  milk  should  not  he 
Jire/tj/ttjfU  in  the  heating.  A  naked  tire 
is  ohjcetionahle  ;  iiniiuTsiuf;  the  milk 
vessel  in  a  larL'^er  one  eontaininir  hoilint,' 
water  is  the  proper  inode.  \'e>sels  with 
a  douhle  hnttuiii  niiLdit  he  used  ti»r  this 
purpose.  Tiie  rennet  ouirht  never  to  he 
jmtrid,  nor  added  in  too  lari:e  <inaiitity, 
tor  then  the  eurd  is  too  toiiirh.  It"  r«»o 
little,  time  islo>t.  "Wlieiiaeid-*,  as  viiuLTar, 
are  used  in>teafi  of  rennet,  the  ehee^e  is 
aj>t  to  have  their  tlavor. 

The  aeid,  I'ornied  by  tlie  addition  of  the 
rennet,  should  l»e  sojtarated  slowly  iVorn 
the  whey,  for  if  done  liastily.  the  tat  of 
the  milk  is  soiuezed  out.  and  the  eheoe 
is  poorer.  The  wiiey  siuuild,  howivi-r, 
he  eonj]>letely  removed,  tor  as  it  contains 
Miirar  and  lactie  aeid,  it'  lel'l  hehiiid,  fer- 
ineiitatioii  will  set  in.  Cnrd-mills  aii'l 
ehee>e-preises  are  used  to  elfict  tiiis  le- 
mo\al. 

The  preservation  of  the  fre>h  eake  de- 


pends on  the  ^nrity  of  the  salt,  and  the 
mode  of  applying  it. 

Cheese  is  then  colored  sometimes  by 
saffron,  but  chiefly  by  annotto,  in  the 
proportion  of  i  an  oz.  to  60  lbs.  of  cheese ; 
sometimes  the  marigold  and  carrot  are 
boiled  in  milk,  and  used  as  coloriog. 

In  milk  of  average  quality,  there  is 
from  4  to  5  per  cent,  of  pure  casein,  which, 
if  all  extracted,  would  give,  according  to 
Professor  Johnston,  6  to  7  lbs.  of  sKim 
milk  cheese,  or  9  to  10  lbs.  pure  new  milk 
cheese,  in  every  100  lbs.  of  milk ;  and  on 
an  average,  8  to  10  lbs.  of  good  milk  in 
summer,  will  yield  1  lb.  of  whole  milk 
cheese.  The  mllowing  abstract  of  Enro- 
pcjm  cheeses,  taken  from  Grande's  En<'y- 
doped'ui^  may  be  interesting : 

*'  The  following  are  the  principal  British 
cheeses :  Jirickitat^  formed  of  new  milk 
and  cream,  chiefly  in  Wiltshire,  in  the 
autumn,  and  sold  in  little  square  pieces 
about  tlie  size  of  brickbats.  Cheddar^ 
round  thick  cheeses,  weighing  about  150 
or  2<>o  lbs.,  with  a  spongy  appearance,  and 
the  eves  or  vesicles  filled  with  a  rich  oil. 
ChiMfiire^  Inrcre  round  thick  cheeses,  com- 
monly weiif  hing  from  100  to  200  lbs.  each, 
— solid,  homogeneous,  and  dry  and  friable 
rather  than  viscid.  They  are  made  from 
the  whole  of  the  milk  and  crca»n,  the 
morning's  milk  being  mi.xcd  with  that  of 
the  nreeedintr  cvcnintr  previously  warmed. 
Jhi-}'{/shirt  is  a  small  white  rich  cheese. 
J)>inh>p,  oriirinally  made  in  Ayrshire,  but 
now  general  throughout  Scotland,  is 
lartre,  round,  white,  buttery,  and  weighs 
t'roin  oo  to  Oo  Ihs.  This  and  the  Derby- 
shire cheese  are  ver>'  much  alike  in  form, 
color,  and  tlavor.  Glouct.'<ttT^  large,  round, 
and  niild;  buttery  rather  than  friable. 
There  are  two  kinds,  the  sinsrlc  and  dou- 
ble (iloueester:  the  sinfjle  is  made  of  the 
milk  dcnrived  of  about  half  the  cream, 
and  the  (louhle  of  the  milk  with  the  whole 
of  the  cream,  (irtni  or  Sine  ehee-^e  may 
he  made  of  anv  of  the  otlier  kinds,  by 
niixini,'  the  nillk  before  it  has  cunlled 
with  a  decoction  of  saL'e  leaves,  amonir 
whio'h  >onie  p.it  a  few  llowers  of  inarii:old 
and  leaves  ot  parsley.  In  the  HiLrhlaiuls 
fif  Scotland  the  leaves  or  see<ls  of  lovaire 
are  added  to  the  sai:e,  which  cornnumi- 
eate  a  very  stron^r  tlavor.  Lin<'<'h/s/,/r€ 
i"*  made  of  new  milk  and  crenni  ;  it  is 
•  luite  -ot>,  not  ahr.ve  2  inches  thick,  and 
will  not  keep  more  than  two  or  three 
niont  lis.  ^V'-rf'o//:.  the  weiL'ht  is  L''enerally 
from  ;^'  t'>  "»o  pounds;  the  eurd  is  dyed 
yellow  with  ariiotto  or  satVron,  and  thonirh 
not  a  rii  h  cheese,  it  is  considi-red  a  good 
keeper.     S/t  or  Sliponit  is  a  small,  sott, 
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rioh  cheeee,  whidi  might  aIino«i  be  mis- 
taken fbr  batter,  if  it  were  not  white,  and 
which  must  be  eaten  in  a  week  or  two 
alter  making.  SUUon.  so  named  from 
the  town  in  Hnntingaonshire  where  it 
waa  flrat  brought  into  notice,  bat  which 
18  made  j^rincipally  in  Leiceaterahire.  It 
ia  aolid,  ncfa,  buttery,  and  white,  and.  un- 
like all  the  other  eheeaea  which  have  oeen 
mentioned,  it  ia  twice  as  high  aa  it  is 
broad.  It  ia  much  improved  by  keeping, 
and  ia  aeldom  uaed  before  it  ia  two  years  | 
old.  It  ia  the  dearest  of  all  English 
oheeaea,  the  price  being  generally  to  that 
of  Cheater  aa  2  to  1,  or  2  to  1^.  In  order 
to  induce  premature  decay  and  the  conae- 
quent  appearance  of  age  in  these  cheeaes. 
It  ia  said  the  makers  sometimes  bury  tbem 
in  masses  of  fermenting  straw.  CoUen- 
Aom,  ao  named  Arom  a  town  in  Cambridge- 
ahire;  it  differs  chiefly  firom  the  cream 
cheese  of  Stilton  in  being  flat,  broader, 
and  eupcriorly  flavored.  The  flavor  is 
aaid  to  be  owing  to  the  rich  grasses  .which 
grow  on  the  fens.  Sufoli,  or  sJkim-^milk, 
M  round  and  thin,  weighing  fVom  25  to 
80  Iba.  each,  and  is  tne  best  keeping 
che^  made  in  England.  WiUahire  re- 
aembles  the  Cheshire,  but  is  poorer,  and 
of  inferior  flavor.  It  is  apt  to  become 
Bcurfy,  to  prevent  which  it  is  generally 
coated  over  with  red  paint,  forkahire^ 
or  cream  ^eese,  is  the  same  aa  the  slip 
coat  cheese,  already  mentioned. 

EcBOPBAN  CHKEaBs. — Thc  most  remark- 
able ot  these  are  the  following :  Parmemn 
ia  chiefly  made  at  Parma  ana  other  places 
in  Lombardy,  of  the  curd  of  skimmed 
milk  hardened  bv  heat.  Its  flavor  is  said 
to  be  owing  to  tiie  rich  pastures  of  that 
part  of  luuy,  where  all  plants,  from  the 
greater  quantity  of  bright  sunshine  than 
in  Britain,  have  doubtless  their  aromatic 
properties  greatly  increased.  Swiss  cheese 
IS  oi  various  kinds ;  but  the  chief  sorts 
are  the  Gruyere  or  Jure  cheese,  and 
Schabzieger  or  green  dieese:  the  last  ia 
flavored  with  the  seeds  and  leaves  of  the 
mclilot  {Meliloiu  o^inalis).  German 
cheeses  are  of  different  kinds ;  but  none 
are  celebrated,  unless  we  except  that  of 
Westphalia,  wnich  is  made  un  into  round 
bnllri  or  short  cylinders,  unaer  a  pound 
weight  each.  The  peculiar  flavor  which 
thi.<  cheese  acquires,  arises  fh^m  the  curd 
being  allowed  to  become  putrid  before  it 
is  compressed.  In  Holland  very  good 
cheese  is  made,  particularly  the  Edam  and 
Gouda  cheeses :  the  former  is  very  salt, 
and  kee(Mi  well  at  sea.  In  many  parts  of 
the  Continent,  and  even  in  thc  interior  of 
ri>lund  and  Russia,  there  are  imitations 


of  English  cheese  made ;  but  what  may 
be  called  the  indigenous  cheese  of  the 
Russian  empire  is  nothing  more  than 
salted  curd  put  into  a  bag  and  powerfully 
pressed,  ana  taken  to  market  as  soon  as 
it  is  made,  in  the  same  manner  as  butter 
is.  In  some  places,  instead  of  a  press, 
the  whey  is  forced  out  of  the  curd  by 
putting  It  into  a  long  doth  midway  be- 
tween the  two  ends,  while  a  peraon  at 
each  end  twists  the  cloth  in  an  opposite 
direction,  and  thus  wrings  out  the  whey. 
In  some  miserable  Russian  villages  the 
curd  is  exposed  for  sale  in  small  lumps, 
retaining  the  marks  of  the  Angers,  which 
shows  that  no  other  pressure  has  been 
employed  than  what  can  be  given  with 
the  hand.  In  France  the  Roauefort 
cheese  is  the  most  esteemed,  ana  next 
that  of  Neufchatel.  The  fbrmer  some- 
what resembles  Stilton,  but  is  much  in- 
ferior, and  the  latter  is  a  cream  cheese, 
seldom  exceeding  a  quarter  of  a  pound 
in  weight. 

The  cheese  manufacture  is  a  large  and 
important  one  in  the  Northern  and  West- 
em  States,  and  the  exportation  is  great 
and  increasing.  New  York  is  the  chief 
station  for  export,  and  the  quantity  which 
reaches  that  city  may  be  estimated  from 
the  fc^lowing  abstract  from  the  Patent- 
Office  Report  for  1847. 

The  Auxiny  Journal  gives  the  following 
statement  of  the  amount  of  Cheese  re- 
ceived at  Albany  and  Troy  during  the 
post  twelve  years: 

1886,  poanda, H0«),000 

1837,  ** I«),o00,0utf 

1S38,  •*        18,810,000 

1S89,  •*       14,580,000 

1^40,  "        18.820,000 

1841,  "       14,110,000 

V>A%  •*       .• 19,004,000 

1848,  «       24,881,000 

1844,  "       26,677,500 

1^45,  »♦        27,542,861 

1846,  •*   85,560,180 

1847,  "   40,814,000 

This  last  having  a  value  of  $2,860,354. 

The  importation  of  cheese  into  Great 
Britain  is  larger  than  that  of  butter.  The 
total  quantity  in  1846  ft-om  Europe 
amounted  to  249,664  cwt.,  and  from  the 
United  States  to  91,901  cwt.  The  Ameri- 
can cheese^  however,  is  said  to  have  some 
faults  which  need  to  be  corrected  to  ren- 
der it  acceptable  to  the  English  market. 
Tliese  are  stated  by  Mr.  Coleman  to  be, 
first,  the  softnes.s  of  tlie  rind,  which  ren- 
ders them  liable  to  cnick,  and  which  is 
imputed  to  the ir  rich n ess,  and  the  remedy 
for  which  is  to  let  the  oheescj  when  taken 
from  the  press,  remain  in  brine  so  strong 
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that  it  will  take  up  no  more  salt,  for  foar 
or  five  hours.  It  must  not,  however,  be 
kept  too  long  in  the  brine,  as  it  mav  re- 
ceive injury.  The  second  fault  complain- 
ed of  is  the  acid  and  sharp  taste.  This 
is  imputed  to  some  improper  preparation 
of  the  rennet,  and  posfsibly  to  somethiniar 
wrong  in  the  feed  or  postures.  Cheese  of 
good  quality  is  munufiictured  in  Saxony 
from  p>otutocs.  These  arc  boiled,  peeled 
and  pulpified  with  nisps.  1  lb.  of  sour 
milk  iH  added  to  5 lbs.  of  tiiis  pulo,  mixed 
well  and  s»et  uside  for  four  duya.  It  irt  then 
kneaded,  the  moiHture  drained  off,  and 
thev  are  potted.    They  improve  bv  nge. 

CHEMITYPE.  A  newly  invented  style 
of  printing,  the  object  of  which  is  to  ku- 

g:^i*sede,  to  a  great  extent,  wood-cutting. 
y  thi^»  method,  an  etchini;  or  engraving 
made  in  meUd  in  the  usiuil  way,  may  be 
converted  into  a  high  relieve  t*tamp,  to  be 
used  for  printing  oh  an  ordinary  [>ress,  as 
is  the  case  with  common  woo<l  engravinii>*. 
The  following  statement  may  in  general 
illustrate  the  character  of  the  invention: 
On  a  highly  polished  plate  of  pure  zine 
an  etehing  or  engraving  is  made  in  the 
usual  manner,  whieh,  under  conunon  cir- 
cumstances, would  be  fitted  for  impres- 
sions on  an  engraver's  press,  having' the 
same  harmonv  and  proportion  of  all  the 
respective  etclicd  or  engraved  lines.  The 
tracery  thus  deepened  is  now  to  be  fused 
or  melted  down  with  a  neirative  metjil, 
and  the  ori<rinal  metal  plate  (ziiiei  cor- 
roded, or  etched  by  moans  of  a  certain 
acid,  thus  intikiuf;  the  cliani'ters  of  the 
former  <lra\vin!r  appear  in  Ihc  shape  ot'  a 
liiL^h  reheve  stamj).  This  etfeet  is  only  j 
prodticed  in  eonseqnenee  of  the  metal  | 
coini'osition  in  the  lines  of  the  traeery 
not  l>ciiiL'  aeti'd  upon  liy  the  a<-id  on  ac-  | 
eount  of  the  gaUanie  aLfcnev  sul'>istiiiu' 
between  the  two  nictals,  and  the  acid 
corrodiuLT  only  the  zinc. 

As  every  drawinir  on  the  inctal  plate  is 
eonipletely  exact  on  tlie  relieve  stani]), 
the  practice  is  absulutely  itKhpetidcnt  ; 
the  exaet  and  accurate  rejirescntuticn  of 
the  orii,nnal  sketch  is  always  to  he  expect- 
ed. Wood-eiiL'ravinf;  cannot,  in  mo.st 
eases,  be  superseded  liv  this  novel  nie- 
tiiod;  but  in  many  other  instances  the 
new  practice  is  pref\M-able.  chictly  when 
eolored  printintr  is  re<-jnirc<l,  in  tin-  rcpic- 
scntation  ot"  ninps,  plan-^,  architectural 
(Iran- in '_"■■*,  tVc.,  tte.  At  the  sanic  time, 
tlie  <'firreeti<'n  or  inn>r<'\  cmciit  ot"  any 
drawing'  can  Ix-  niucli  better  executed 
than  in  woorl-eni:ra\  iiiir. 

CHIMXKV.  (Fr.  chemintMO  The 
place  in  a  room  where   the   lire   is  burnt. 


and  from  which  the  smoke  is  carried 
away  by  means  of  a  conduit  called  a  flue. 
Chimneys  are  usually  made  by  projection 
from  a  wall,  and  recess  in  the  same  from 
the  floor,  a.«*cending  within  the  limits  of  the 
projection  and  recess.  That  part  of  the 
opening  whieh  faces  the  room  is  properly 
thc^/ire-jplac^,  the  stone  or  marble  under 
which  18  called  the  hearth.  That  on  a 
level  with,  and  in  front  of  it,  is  called  the 
»lab.  The  vertical  sides  of  the  opening 
are  called  jambs.  Tlie  head  of  the  fore- 
plate  resting  on  the  jambs  is  called  the 
mantel;  and  the  cjivity  or  hollow  from 
the  flre-place  to  the  top  of  the  room  is 
called  WiQfunnA.  The  part  of  the  funnel 
which  contracts  a*  it  ascends  is  termed 
the  (Mtherin^^  or  bv  some  the  gatherinrfof 
th'  icin/js.  The  tuV)e  or  cavity  of  a  paral- 
lel ogrannnatic  form  on  the  plan,  from 
where  the  gathering  ccm<cs  up  to  the  top 
of  the  chinmev,  is  called  the  Jlu^.  The 
part  between  the  gathering  and  the  flue 
IS  called  the  throat.  The  part  of  the  wall 
facinir  the  room,  and  formmg  one  side  of 
the  funnel  parallel  thereto,  oh  the  part  of 
the  wall  forming  the  sides  of  the  funnels, 
where  there  are  more  than  one,  is  the 
hreti.st.  In  external  walls,  that  side  of  the 
funnel  oi)positc  the  breast  is  called  the 
}>ack'.  AVhcn  there  is  more  than  one 
chimney  in  the  same  wall,  the  solid  parta 
that  divide  them  are  called  iritha.  And 
wiien  several  ehimneys  are  collected  into 
one  mass,  it  is  called  a  stack  <>f  ch'tmnei/^. 
The  part  whieh  rises  aV>ove  the  roof  for 
<lischarL'inLr  the  smoke  into  the  air,  is 
eallc<l  a  rh'n/i/nf/  f<hnft^  wliosc  horizontal 
U]M>er  surfiice  is  termed  the  chiTune^j  top. 
The  «'or//j//.v  were  formerly  placed  at 
ri'j-ht  aiiLrles  to  the  face  of  the  wall,  and 
the  chimney  was  tinislied  in  that  manner; 
but  Count  Kumford  showed  that  nmro 
heat  is  obtained  froni  the  fire  by  reflexion 
when  the  covinL's  are  placed  in  an  oblicjuc 
position.  He  likewise  directed  that  the 
tire  itself  siiouhl  be  kept  as  near  to  the 
hearth  as  possible,  and  that  the  throat  of 
the  eliimney  sln.uhl  be  eonstrueted  much 
narrower  than  had  been  praetised,  with 
a  view  to  pre\ent  the  escape  of  so  much 
heated  air  as  hap]Hiied  with  wide  throats. 
If  tile  throat  be  too  near  the  tire,  the 
drauirht  will  be  too  stroniT,  and  the  fuel 
will  bi"  wnsied  ;  and  it"  it  be  too  hi^di  U]^, 
the  (Irauirht  will  bi'  toolan<ruid.  and  there 
\\\\\  l>c  a  ihmifcr  of  the  smoke  beinL' oi-ea- 
sioiially  beat  ba'-k  inl o  tlie  looni,  I'efore 
('omit  l\uml'"rd  direett'il  his  attention  to 
this  subjiM-t.  smoky  chimnc.s  weri-  ^erv 
common  ;  l>ut  by  >ludylnLf  hi>  [>rinel)iU  :*, 
tiicsc  at  j-resenl  seldom  occur. 
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Lieut.  Mason,  in  a  letter  to  the  London 
Builder  on  the  subject  of  smoky  chim- 
nejs,  writes  :  ^'  I  have  built  many  chim- 
neys in  all  possible  sit  jations,  and  have 
found  one  simple  plan  everywhere  suc- 
ceeded, the  secret  boing  only  to  construct 
the  throat  of  the  chimney,  or  that  part 
of  it  just  above  the  fire-place,  so  small 
that  A  man  or  a  boy  can  barely  pass 
throufi:h  it.  Immediately  above  this 
the  chimney  should  bo  enlarged  to  double 
its  width,  like  a  purse,  to  Uie  extent  of 
about  two  feet  in  height,  and  then  dimin- 
ished agiun  to  its  usual  proportions.  No 
cliimncv  that  I  ever  constructed  thus, 
smoked!." 

CHINA  INK.  The  finest  kind  of  this 
useful  pigment  is  seldom  mot  with  in  our 
market.  According  to  a  description  in  a 
Japanese  book,  it  is  made  from  the  con- 
densed smoke  or  soot  of  burned  camphor : 
and  hence,  when  of  the  best  c^ualitv,  it 
has  this  odor.  Mo9t  of  the  China  ink  is 
made  from  oU-lampblack  occasionally  dis- 
^ised,  as  to  smell,  with  musk,  or  with  a 
utile  camphor  black.  The  binding  sub- 
stance is  gelatine,  commonly  made  from 
parchment  or  ass^s  skin;  but  isinglass 
answers  eqnallv  well.  A  good  imitation 
may  bo  made  oy  dissolving  isinglass  in 
warm  water,  with  the  addition  of  a  very 
little  alkali  (soda),  to  destroy  its  gelatin- 
izing power,  and  incorporating  with  that 
solution,  by  levigotion  on  a  porphyry 
slab,  OS  much  of  the  finest  lampblack'  as 
to  produce  a  mass  of  the  proper  consist- 
ence. The  minute  quantity  of  alkali 
serves  alj»o  to  saponifv  the  oil  whicli  usu- 
ally adhcrca  to  lampblack,  and  thereby  to 
make  a  pigment  readily  miscibie  with 
water. 

CIIINTZ.  A  peculiar  pattern  on  print- 
ed cjJicos,  in  which  flowers  and  other  de- 
vices are  printed  in  five  or  six  different 
colors,  upon  white  and  colored  grounds. 
A  good  chintz  pattern  in  fust  colors  is  one 
oftne  most  surprizing  and  diiiicult  efforts 
of  the  art. 

CllLOKAL.  A  liquid,  obtained  by 
the  action  of  chlorine  gas  upon  alcohol. 

CHLOKATE  OF  POTASH.  A  salt 
composed  of  chloric  acid  and  potass.  It 
is  formed  by  passing  chlorine  ^ras  through 
s  solution  of  caustic  potass  till  no  more 
gas  is  absorbed,  evaporating  the  liquor 
i.nd  crj'stallizing.  By  the  action  of  the 
giu*  two  salte  arc  formed :  a  chloride  of 
po*a"*sium  and  a  chlorate  of  potass, — the 
f'lnncr  remains  in  solution,  the  latter 
cr\  rttullizes  rea^lily,  and  it  may  ho  separ- 
ated thus  fh>m  tlho  chloride.  Washing 
and  rccr^'stallization  are  necessary  to  ob- 


tain a  pure  salt.  Mr.  Calvort^a  improyed 
process  consists  in  forming  a  mixture  of 
m  ounces  of  burnt  lime  for  1  equivalent 
of  caustic  potash,  and  passing  a  current 
of  chlorine  through  the  not  mixture.  In 
this  way  chloride  of  calcium  and  chlorate 
of  potash  are  formed.  The  loss  of  potash 
is  thus  avoided.  Chlorate  of  potash  cry- 
stallizes in  fiat,  pearly-looking  plates,  and 
has  an  unpleasant  cool  taste ;  it  does  not 
bleach.  It  dissolves  in  six  parts  of  cold 
water,  and  when  heated  to  redness,  gives 
out  39  per  cent,  of  oxygen ;  if  rubbed 
hardly  in  a  mortar,  it  crackles  and  gives 
oft*  sparks.  When  nibbed  with  sulphur 
and  phosphorus,  it  detonates  danger- 
ously. A  mixture  of  this  salt  with  sugar 
and  "^sulphuret  of  antimony,  is  used  lor 
tipping  Inciter  matches,  as  it  explodes 
wiicn  rubbed  on  emery  or  sand-paper.  It 
formed  the  detonating  powder  which  was 
dropped  in  percussion  caps ;  but  owing 
to  tlic  rusting  property  of  the  gases  pro- 
duced by  explosion,  fulminate  of  mercury 
is  now  preferred. 

Owing  to  its  property  of  giving  off  oxy- 
gen readily  wlien  decomposed,  it  has 
been  used  to  some  extent  in  bleaching 
futs  and  oils.  It  contains  76  parts  of 
chloric  acid,  and  4S  of  p^ossa,  in  124 
parts  of  the  chlorate. 

CIILOKATES.  Combination  of  chloric 
acid  with  salifiable  bases. 

CliLORIOE  OF  LIME— BLEACH- 
ING POWDER.  Its  composition  is  tot 
yet  fully  determined.  The  chief  agent 
in  bleaching  appears  to  be  the  hypochlor- 
ite of  lime,  one  of  the  constituents.  It 
constitutes  a  large  branch  of  chemical 
mannfucture,  which  is  carried  on  in  con- 
nection with  that  of  carbonote  of  soda. 

When  hydrate  of  lime,  very  slightly 
moist,  is  exposed  to  chlorine  gas,  the  lat- 
ter is  caijcrly  absorbed,  and  a  compound 
produced  which  has  attracted  a  great  deal 
of  attention :  this  is  the  bleaching  pow- 
der of  coniinerce,  now  manufactured  on 
an  immense  scale,  for  bleaching  linen 
and  cotton  goods.  It  is  requisite,  in  pre- 
paring this  substance,  to  avoid,  with  the 
greatest  care,  all  elevatiftn  of  temperature, 
which  may  be  easily  done  by  slowly  sup- 
plying the  chlorine*  in  the  first  instance. 
The  product,  when  tVeshly  and  well  pre- 
pared, is  a  soft,  white  powder,  which  at- 
tracts moisture  from  the  air,  and  exhales 
an  odor  sensibly  ditrcrcnt  from  that  of 
chlorine.  It  is  soluble  in  about  10  parts 
of  water,  nicroly  the  uiijiltored  hydrato 
being  left,  behind;  the  solution  is  luLfiily 
alkaline,  and  bleaches  feel)ly.  When  hy- 
drate of  lime  is  suspended  in  cold  water, 
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and  chlorine  ns  transmitted  through  the 
mixtnre,  the  lime  is  fradnally  diBsoIved, 
and  the  same  peculiar  bleaching  oom- 
poond  produced ;  the  alkalies  also,  either 
oaustio  or  carbonated,  may,  by  similar 
means,  be  made  to  absorb  a  large  quan- 
tity of  chlorine,  and  give  rise  to  corres- 
ponding compounds;  such  are  the  *^dis- 
mfecting  solutions  '*  of  M.  Labarraque. 

The  most  consistent  view  of  the  con- 
stitution of  these  curious  compounds  is 
that  which  supposes  them  to  contain 
salts  of  hydrocniorous  acid,  a  sul>stance 
aa  remarkable  for  bleaching  powers  as 

Chlorine 

Lime     j^-W'^ 
(  Calcium 

Chlorine 
Lime 


chlorine  itself;  and  this  opinion  seems 
borne  out  by  a  careful  comparison  of  the 
properties  of  the  bleaching  salts  with 
those  of  the  true  hvpochlorites.  Hypo- 
chlorous  acid  can  be  actually  obtained 
from  good  bleaching  powder,-  by  distill- 
ing it  with  dilute  sulphuric  or  nitric  acid, 
in  quantitv  insufficient  to  decompose  the 
whole ;  wLen  the  acid  is  used  in  excess, 
chlorine  is  disengaged. 
^  If  this  view  be  correct,  chloride  of  cal- 
dum  must  be  fonned  simultaneously  with 
the  hypochlorite,  as  in  the  following  dia- 
gram: 


Chloride  of  calcium. 


Hyperchlorite  of  lime. 


When  the  temperature  of  the  hydrate 
of  lime  has  risen  during  the  absorption 
of  the  chlorine,  or  when  the  compound 
has  been  subsequently  exposed  to  heat, 
its  bleaching  properties  arc  impaired,  or 
altogether  destroyed;  it  then  contains 
chlorate  of  lime  and  chloride  of  calcium; 
oxygen,  in  N^iuble  Quantity,  is  usually 
set  free.  The  same  cnange  seems  to  en- 
sue by  long  keeping,  even  ut  the  common 
temperature  of  the  air.  In  an  open  ves- 
sel it  is  speedily  destroyed  by  the  carbonic 
acid  of  the  atmosphere.  Commercial 
bleaching  powder  thus  constantly  varies 
in  value  with  its  age,  and  with  the  care 
originally  bestowed  upon  its  preparation  ; 
the  best  may  contain  about  80  per  cent. 
of  available  chlorine,  easily  liberated  by 
Ltt  acid,  which  is,  however,  far  sliort  of 
the  theoretical  quantity. 

The  general  method  in  which  this  sub- 
stance Is  employed  for  bleachinvf  is  the 
following :  The  goods  arc  first  iinnicrsed 
in  a  dilute  solution  of  cliloride  of  lime, 
and  then  transferred  to  a  vat  eontaininir 
dilute  sulphuric  acid  ;  the  chlorine  or  hy- 
poehlorous  acid  thus  disentraped  in  eon- 
tact  with  the  cloth,  causes  the  <le^truetion 
of  the  colorinsx  irtotter.  This  proeess  is 
often  repeated,  it  y>einu  unsafe  to  use 
strong  solutions.  White  patterns  are,  on 
this  principle,  imprinted  on  colored  eloth, 
the  n^ures  beintr  »tam]>ed  with  tartarie 
acid  thiekene<i  with  irum-water,  and  then 
the  stutf  immersed  in  the  chloride  bath, 
when  the  parlR  to  which  no  acid  lisus 
been  fti> 
printed  porii<»ns  arc  hlciu-hed. 


plied  remain  unaltered,  wiiile  the 


For  purifyiuif  an  olVci^ive  or  intcctious 
atmosphere,  a^an  aid  to  propter  it  ntUation^ 


the  bleaching  powder  is  very  convenient. 
The  solution  is  exposed  in  shallow  ves- 
sels, or  cloths  steeped  in  it  are  suspended 
in  the  apartment,  when  the  carbonio 
acid  of  the  air  slowly  decomposes  the 
chloride.  An  addition  of  a  strong  acid 
causes  rapid  disengagement  of  chlo- 
rine. 

The  value  of  any  sample  of  bleaching 
powder  may  be  easily  determined  by  the 
tollowing  method,  in  which  the  loosely- 
combined  chlorine  is  estimated  by  its  ef- 
fect in  peroxidizing  a  proto-salt  of  iron, 
of  whieli  two  equivalent'*  require  one  of 
chlorine  ;  the  latter  acts  by  decomposing 
water  and  liberating  a  corresponding 
quantity  of  oxygen — 78  grains  of  green 
sulpliatc  of  iron  arc  dissolved  in  about 
two  ounces  of  water,  and  acidulated  by  n 
few  drops  of  sulphuric  or  hvdrochlo'ric 
acid ;  this  quantity  will  require  for  per- 
oxidation exactly  10  grains  of  chlorine. 
Fifty  erains  of  the  chloride  of  lime  to  l)e 
examined  arc  nextrubl)ed  up  with  a  little 
tepid  water,  and  the  whole  transferrc<l  to 
the  alkalimeler  before  described,  which 
is  then  tilled  up  to  0  with  water,  at^cr 
which  the  contents  are  well  mixed  by 
agitation.  The  liipiid  is  next  graduallV 
I>oured  into  the  solution  of  iron,  with 
constant  stirring  until  the  latter  has  be- 
come penwitiizcd,  which  may  be  known 
by  a  drop  cvasing  to  give  a  deep  blue 
precipitate  with  red  fern^cyanide  of  pot- 
assium. The  numlK-r  of  grain-mensurea 
of  the  chloride  solution  enipl<\vcd  may 
then  be  read  off,  and  siiK-e  these  must 
contain  1"  <rmins  of  serviceable  eldorine. 
the  (juanlity  of  the  latter  in  the  ^o  j^'rains 
may  be  easily  reckoned.     Thus,  suppose 


chl] 


CrCLOPXDIA   OF  tHB  U8BFVL  AlitB. 


98 


72  such  measures  have  been  taken,  then 


72 


10        : 


100 


GnM.  eUoriiM. 
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The  bleaching  powder  contains,  therefore, 
27-78  per  cent. 

A  party  of  Germans  have  erected  in 
StenDenvi]]e,  Ohio,  an  establishment  for 
the  manafactare  or  soda  ash  and  chloride 
of  lime.  It  is  tlie  only  one  of  the  kind 
in  the  United  States ;  it  is  estimated  that 
daring  the  first  year  it  will  produce  be- 
tween $40,000  and  $50,000  worth  of  soda 
ash,  and  neariy  $20,000  in  value  of  chlor- 
ide of  lime.  It  is  supposed  that  the 
amount  of  manufSEUsture  wUl  be  doubled 
the  Hocond  year. 

CHLORIDES.  Combinations  of  chlo- 
rine, correspondin^r  with  the  oxides.  Com- 
mon salt  is  a  chloride  of  todium;  that  is, 
a  binary  compound  of  chlorine  and  sodi- 
um. Where  there  are  two  chlorides  of 
the  same  base,  the  relative  proportions  of 
chlorine  in  them  are  almost  invariably  as 
1  to  2 :  hence  the  tRTmaprotochloride  and 
hicMvride,  Calomel  and  corrosive  snbli- 
mste  are  the  protochloride  and  bichloride 
of  mercury.  The  latter  is  frequently 
termed  perehloride.  In  calomel,  200  of 
mercury  are  combined  with  S6  of  chlo- 
rine, and  in  corrosive  sublimate  with 
twice  86,  or  72. 

CHLOBINE.  Thiseas  was  discovered 
in  1774  by  Scheele,  wno  called  it  dephlo- 
fisticated  muriatie  acid  ;  the  French  no- 
mendaturists  afterwards  termed  \toxyaen- 
mded  mvriatic  acid,,  conceiving  it  to  be  a 
compound  of  oxygen  and  muriatic  acid. 
This  erroneous  view  of  its  nature  was 
corrected  in  1809  by  Sir  H.  Davy,  who 
fl:ave  it  the  present  name,  indicative  of 
its  color.    Chlorine  is  a  simple  substance, 
existing  at  common  temperatures   and 
preftsures  in  the  gaseous  state ;  but  when 
subjected  to  a  pressure  of  about  four  at- 
mospheres, it  becomes  condensed  into  a 
yellow  transparent  lic^uid,  which  is  a  non- 
conductor  of  electricity.      100    cubical 
inches  of  chlorine,  at  mean  temperature 
and  pressure,  weigh  between  7o  and  77 
grains :  water  aheorbs  twice  its  volume, 
and  acquires  a  yellow  color,  and  the  pe- 
culiar 8 uffocating  odor  of  th  e  gas .    ^'  hen 
humid  chlorine  is  ex{>osed  to  a  tempera^ 
tnre  of  82°,  it  assumes  a  cr^'stolline  form ; 
this  hydrate  nf  chlorint  consists  of  1  equi- 
valent of  chlorine  =  87  -|- 10  of  water = 9 
+  10  or  90.    Chlorine  is  not  only  unre- 
spirable,  but  very  injurious  when  breath- 
ed, even  if  largely  diluted  ;  a  taper  bums 
in  it  with  a  red  smoky  flame,  and  is  soon 
extinguished.    Some  of  the  metals,  when 


flneljr  divided,  spontaneously  take  fire  in 
chlorine,  such  as  brass  leaf,  or  powdered 
antimonjr.  A  remarkable  property  isli 
chlorine  is  its  power  of  destroying  almost 
all  vegetable  and  animal  colors :  hence 
the  important  application  of  this  gas  and 
of  some  of  its  combinations  to  the  art  of 
liUaching,  It  also  destroys  the  putrid 
odor  of  decomposing  vegetable  and  ani- 
mid  substances,  and  infectious  efiluvia  of 
all  kinds :  whence  its  use  in  fhmi^ation, 
and  in  preventing  the  spread  of  infecti- 
ous and  contagious  matter,  and  purifying 
noxious  atmospheres. 

The  great  natural  source  of  chlorine  is 
commwih  mZ^.  which  containe  itin  the  pro- 
portion of  aoout  60  />#r  eenJt.  It  is  pro- 
cured by  decomposing  common  salt  by 
the  joint  ^ency  of  sulphuric  acid  and 
peroxide  of  manganese.  The  best  pro- 
portions are  8  parts  of  salt  and  1  of  oxide 
of  manganese ;  these  arc  well  mixed,  and 
put  into  a  retort  with  2  parts  of  sulphuric 
acid  previously  diluted  with  2  of  water. 
Chlorine  is  evolved,  and  its  extrication  is 
quickened  by  the  application  of  a  gentle 
heat.  Chlorine  may  also  be  obtained 
fVom  a  mixture  of  muriatic  acid  with  half 
its  weight  of  black  oxide  of  manganese. 
The  ^as  may  be  collected  over  water,  and 
should  be  preserved  in  bottles  with  glass 
stoppers ;  if  left  in  the  contact  of  water, 
it  is  soon  absorbed,  {f^ee  Muriatic  Aero.) 

CHLORIODINE,  OR  CHLORIODIC 
ACID.  A  compound  of  chlorine  and 
iodine. 

CHLORITE.  An  earthy  mineral  of  a 
green  color,  often  found  in  the  cavities 
and  veins  of  slate  rocks. 

CHLOROCARBONIC  ACID.  A  com- 
pound formed  by  exposing  a  mixture  of 
chlorine  and  carbonic  oxide  to  the  action 
of  litrht. 

CHLOROCYANIC  ACID.  A  com- 
pound of  chlorine  and  cyanogen. 

CHLOROFORM.  A  most  valuable 
agent  to  the  physician  in  ]:>roducing  tem- 
porary insonsibility  to  pain :  and  a  still 
more  useful  aid  in  the  arts,  where  it  has 
taken  its  place  as  a  solvent  for  many 
resins,  &c.  It  is  obtained  by  distilling 
alcohol,  woodspirit,  or  acetone  with  a  so- 
lution of  chloride  of  lime.  One  part  of 
hydrate  of  lime  is  suspended  m  four 
parts  of  cold  water,  and  chlorine  passed 
throufirh  the  mixture  until  nearly  the 
whole  lime  is  dissolved.  A  little  more 
hydrate  is  then  added  to  restore  the  al- 
kaline reaction,  the  clear  liquid  mixed 
with  one  part  of  alcohol  or  woodspirit, 
and,  ttf^er  an  interval  of  24  hours,  cau- 
tiously distilled  in  a  very  spacious  vessel. 
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A  watery  liquid  contftininjor  a  little  spirit, 
and  a  heavy  oil  collect  in  tiic  receiver; 
the  latter,  in  which  w  the  chloroform,  is 
atritated  with  water,  dijrested  with  chlo- 
ride of  ciUcinm,  ana  rectified  in  a  water- 
bath.  It  is  a  thin,  colorless  liquid  of 
ajyrreeable  ethereal  odor,  much  ref*embling 
that  of  Dutch-  liquid,  and  sweetish  taste. 
Its  density  is  1*48,  and  it  boils  at  141°; 
the  density  of  its  vapor  is  4*116.  Chloro- 
form is  with  difficulty  kindled,  and  burns 
with  a  ^eenish  fiame.  It  is  nearly  in- 
soluble in  water,  and  is  not  atfecteci  by 
concentrated  sulnhuric  acid.  Alcoholic 
solution  of  potivsh  quickly  decompose.-^  it 
with  production  of  chloride  of  potiii*sium 
and  formiate  of  potash. 

Chloroform  contiiins  C2  II  CP  ;  it  is 
changed  to  formic  aciil  by  the  substitu- 
tion of  three  cq.  of  oxyircn  for  the  tliree 
eq.  of  chlorine  removed  by  the  alkaline 
metal. 

It  is  difficult  to  obtain  pure  chloro- 
form. Grcijory  directs  it  to  be  atritatcd 
with  oil  of  vitriol  and  filtered  snV)se- 
quently  throutrh  oxide  of  ninuiraiiose  :  it 
will  then  be  free  from  impurity  and  keep 
better. 

Chloroform  has  already  been  applied 
to  many  uses ;  it  is  a  valuable  test  for 
iodine  and  other  bodies  in  the  band  of 
the  chemist:  putta  perclia  dissolved  in 
it,  constitutes  the  col/thlion  or  artilioial 
skin  used  by  the  Buru'oon  in  dressing; 
abnuied  surfaces.  It  dissolves  bro- 
mine and  the  essential  oils,  Lfun  cotton, 
caontciioiic,  cojial  and  L'lini  lac  ;  and  if 
]>roduced  siiltiriontly  clicap,  would  l>c  a 
viiluablo  substance  in  the  nuinut'aoturc  of 
varnisln's.  The  cn'dit  of  first  U'-inLC  sub- 
stanocs  for  ]irodu(nnsr  inst'tisibilitv,  of 
whic'ii  ether  and  chlorolonn  are*  the 
chief,  belon:/  to  tliis  ooimtrv  —  lia\in'_' 
been  first  ai'i^ru-d  by  ])r.  .laekson  of 
Boston,  and  Sir.  Morton. 

rilLOKOMKTKK.  An  in^trmnent  for  ' 
the  purpose  <»f  testinir  the  de<-(>lr>rini;  or 
blea<-jiini»'  powers  of  «AA»/'/<A  oflm,^,  Viv 
wldeii  the  relative  values  ot'  diilrrcii't 
samples  of  that  important  bieaelnnir  and 
disinfeetint,'  compound  may  be  luseer- 
tained. 

CilLOHOPIIAlTE.  A  mineral,  wliieh. 
wlieii  neently  broken,  is  irreen,  but  af- 
terwanls  beeomes  hlaek. 

(MILOKOIMIANK.  A  spe<"ies  of  tluor 
\^Y>i\v,  whieli,  wlu-n  heated,  shim-t-  with  a 
beatitiful  pale-LTcen  liLdit, 

CHLOKOIMIVLL.  The  <rreen  e-'lcr- 
inir  matter  of  the  h>aves  ot"]iI:int>. 

CIKK'OLATK  is  an  alimentary  i>rey.a- 
ration    of  very  aneient    use    in    Mexieo, 


fVom  which  coantry  it  was  introduced 

into  Europe  by  the  Spaniards  in  the 
year  1520,  and  by  them  long  kept  a  secret 
"from  the  rest  of  the  world.  Linnseus 
was  so  fond  of  it,  that  he  gave  the  speci- 
fic name,  theobrcmm  (food  of  the  ^ods ),  to 
the  eacoa-tree  which  produced  it.  The 
cacao-beans  li(^  in  a  fniit  somewhat  like 
a  cucumber,  about  5  inches  long  and  Si 
thick,  which  contains  from  20  to  30 
beans,  arransred  in  5  regular  rows  with 
partitions  between,  and  which  are  sur- 
rounded with  a  rose-colored  spongy  sub- 
stance, like  that  of  water-melons.  There 
are  fruits,  however,  so  large  as  to  contain 
from  40  to  50  beans.  Those  grown  in 
the  West  India  islands,  Berbiee  and  De- 
marara,  are  much  smaller,  and  have  only 
from  6  to  15;  their  development  being 
less  perfect  tlian  in  South  America.  After 
the  maturation  of  the  fruit,  when  their 
fjreen  color  has  changed  to  a  dark-vel- 
low,  they  are  plucked,  opened,  tfieir 
beans  cleared  of  the  marrowy  substance, 
and  spread  out  to  dry  in  the  air.  Like 
almonds,  they  are  covered  with  a  thin 
skin  or  husk.  In  the  West  Indies,  they 
are  immediately  packed  up  for  the  market 
when  they  are  dried ;  but  in  theCaraecas, 
they  are  subjected  to  a  species  of  slight 
fermentation,  bv  putting  them  into  tuba 
or  chests,  covenntr  them  with  boards  or 
st<mes,  and  turning  them  over  every 
morniuir  to  cfiualize  the  operation. 

Dr.  Ure  in  his  I/irfuyrwri/  nf  Artfi,  from 
which  tliis  article  is  condensed,  gives  tm 
analysis  <»f  (luayaquil  coco,  made  by  him- 
self, as  follows  : 

Concrete  fiit  or  butter  of  coco,  dwsolv- 
e<l  out  hy  ether 8T 

Brown  exlraotivo.  o\tracte<I  by  liot 
\\atiT,  aitrr  tlie  diMTaliou  of  ether. .       10 

Lii'iuous  ijjutter.  with  ^nuc  alt>uniine      34) 

Shell.-. 14 

AVati  r 6 

Lo-s 8 

100 

Dr.  T*.  thiid-c-^:  "the  solid  fat  of  the  coec 
should  be  most  intinuitely  eond»ined  by 
milling:  with  the  extractive,  albuminc, 
and  Ii;j-ne(>us  matter,  in  order  to  render 
it  eapable  of  formiiii,'  an  emulsion  with 
water;  and,  indeed,  on  aeo<»nnt  of  the 
hn^re  proportion  of  concrete  tat  in  tlie 
beans,  soiin»  ailditional  sul>slanec  should 
be  iiitro.luei'  to  facilitate  this  emulsive 
unitui  of  the  fat  and  waiter.  Suij-ar,  irujti, 
and  starch  or  Ihuir,  are  well  adapted  for 
this  purpo-c."' 

Till'  tatt}  matter  is  of  tlie  consistciuHj 
ol' tallow,  white,  ot'a  mild  airreeid>le  taste, 
ealle<l    butter   r»f  eaeao,   and   not   apt    to 


chr] 


CTGLOPSDIA  or  THB  USSTUI.  ARI8. 


05 


torn  rancid  by  keepioff.  It  melts  only 
at  122**  Fahr.,  and  Bhoiild,  therefore, 
make  tolerable  candles.  It  is  soluble  in 
boiling  alcohol,  bat  orecipitates  in  the 
cold.  It  is  obtfuncd  by  exposing  the 
beans  to  strong  pressure  in  canvass  bags, 
after  they  have  been  steamed  or  soakea 
in  boiling  water  for  some  time.  From  5 
to  6  ounces  of  butter  may  be  thus  ob- 
tained from  a  pound  of  cacao.  It  has  a 
reddish  tinge  when  first  expressed,  but 
it  becomes  white  by  boiling  with  water. 

The  beans,  being  freed  from  all  spoiled 
and  moulder  portions,  are  sentl^  roasted 
over  a  fire  in  an  iron  cylinder,  with  holes 
in  its  ends  for  allowmg  tlie  vapors  to 
escape ;  the  apparatus  l^ing  similar  to  a 
coffee -roaster.  When  the  aroma  begins 
to  be  well  developed,  the  roasting  is 
known  to  be  finislied;  and  the  beans 
must  be  turned  out,  cooled,  and  freed  by 
fanning  and  sifting  from  their  husks. 
The  kernels  are  tnen  to  be  converted 
into  a  paste,  either  by  trituration  in  a 
mortar  neated  to  180°  F.,  or  by  the  aid 
of  an  ingenious  and  powerful  machine. 
The  chocolate  paste  has  usuall)r  in  France 
a  little  vanilla  incorjiorated  with  it,  and 
a  considerable  quantity  of  sugar,  which 
varies  from  one-third  of  its  weight  to 
equal  parts.  For  a  pound  and  a  naif  of 
racao,  one  pod  of  vanilla  is  sufiicieut. 
Chocolate  paste  improves  in  its  flavor  by 
keeping,  and  should  therefore  be  made 
in  large  quantities  at  a  time.  But  the 
roasted  beans  soon  lose  their  aroma,  if 
exposed  to  the  air. 

CIIROMATYPE,  is  a  new  process  of 
photogniphy.  It  consists  in  washing 
pDod  letter-paper  with  the  following  so- 
lution : — Bicnromate  of  potash,  10  grains : 
sulphate  of  copper,  20  grains ;  distill ea 
water,  1  ounce.  Fapers  prepared  witli 
thirt  are  of  a  pale-ydlow  color,  and  may 
be  kept  for  any  length  of  time  without 
injury,  and  are  always  ready  for  use. 
For  copying  botanical  specimens,  or  en- 
gravings, nothing  am  be  more  beautiful. 
After  the  paper  nas  been  exposed  to  tlic 
influence  of  sun.Hhine,  with  the  object  to 
be  copied  superposed,  it  is  washea  over 
in  the  dark  "with  a  solution  of  nitrate  of 
silver  of  moderate  strength  ;  as  soon  as 
this  is  done  a  very  vivid  positive  picture 
makes  its  api>earance,  wiiich  then  only 
requires  washing  in  pure  water. 

CHKOMIUM,  {C/iromc.)  A  metal  dis- 
covered by  Vauquelin  in  1797.  It  exists 
cliieflv  in  two  native  compounds ;  the 
one  formerly  called  red  lead  of  Siberia, 
which  is  a  chrofnaU  of  lead  ;  the  other,  a 
compound  of  the  oxides  of  ohroniium 


and  iron.  Chromium  is  a  whitish,  brit^ 
tic.  and  very  infusible  metal ;  sp.  gr.  5-5. 
"When  heated  with  nitre,  it  is  convertpd 
mto  chrcmie  acid.  Its  equivalent  num- 
ber is  28.  It  forms  two  compounds  with 
oxyfl^en, — a  green  oxide,  and  a  red  per- 
oxide ;  the  latter  being  sour,  and  com- 
bining with  saleflable  bases,  is  called 
chromic  add.  The  oxide  consists  of  28 
chromium  +  12  oxygen  ;  and  chromic 
acid  of  28  chromium  +  24  oxygen.  Chro- 
mic acid  is  of  a  red  color,  and  forms  a 
variety  of  colwed  compounds,  some  of 
which  are  much  used  in  the  arts  ;  such 
as  the  chromate  and  bichromate  of  potash^ 
largely  manufactured  for  the  use  of  cali- 
co-printers, and  the  chromatet  of  lead. 
employed  as  yellow  and  red  dyes  ana 
paints.  The  oxide  of  chrome  is  green, 
aiid  furnishes  a  valuable  color  for  porce- 
lain and  in  enamel.  Chromic  acid  gives 
color  to  the  ruby,  and  the  green  of  the 
emerald  is  due  to  oxide  of  chrome. 

Chrome  iron  ore  is  found  in  abund- 
ance distributed  over  the  United  States. 
In  Maryland,  at  the  Bare  Hills  near  Bal- 
timore :  and  in  Delaware  county.  Pa.,  it 
is  found  very  plentifully.  In  that  locality, 
one  firm  has  upwards  of  100  hands  em- 
ployed, and  are  daily  shipping  the  mi- 
neral to  Baltimore.  The  proprietors  of 
fanns  upon  which  it  is  found,  receive  $3 
per  ton  for  washed  chrome — and  in  the 
rock  state  it  is  sometimes  worth  $5  per 
ton.  Mr.  "Wood's  chrome  iron  ore  mine, 
on  the  Kiver  Ortorara,  separating  Chester 
and  I<ancastcr  counties.  Fa.,  is  probably 
the  most  extensive  chrome  mine  in  the 
world,  being  170  feet  deep — 200  feet  long 
and  80  feet  i)road :  the  ore  yields  98  per 
cent,  of  oxide  of  chrome.  The  mineral 
is  also  found  in  great  abundance  at  vari- 
ous points  enst  of  the  Mine  Kidge,  in 
Lancaster,  Cli ester,  and  Delaware  coun- 
ties, Pa.,  and  is  jill,  or  nearly  all,  shipped 
to  Baltimore,  whence  it  is  exported  largo  • 
ly  to  Europe.  This  ore  forms  the  T)asi8  of 
many  of  the  colored  preparations  of 
chrome,  for  whicli  see  Dyeing. 

The  chief  application  of  this  ore  is  to 
the  production  of  chromate  of  potasli, 
from  wliich  salt  the  various  other  prepa- 
rations of  this  metal  used  in  tlic  arts  are 
obtained.  The  ore,  freed,  as  well  as  pos- 
sible, from  its  gangue,  is  reduced  to  a 
flue  powder,  by  being  ground  in  a  mill 
under  ponderous  ed«re-whecls,and  sifted. 
It  is  then  mixed  with  one-third  or  one- 
half  its  weiLflit  of  coarrieiy  bruis^ed  nitre, 
and  exposed  to  a  powerful  heat,  for  seve- 
ral hours,  on  a  reverberatory  hcartli, 
where  it  is  stirred  about  occasionally.  In 
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the  lari^e  manufiiotoriee  of  this  ooantry, 
the  ignition  of  the  above  mixture  in  pots 
is  laid  aside,  aa  too  operoae  and  expen- 
sive. The  calcined  matter  is  raked  oat, 
and  lixiviated  with  water.  The  bright- 
yellow  solution  is  then  evaporated  brisk- 
ly, and  the  chromate  of  potash  falls  down 
in  the  form  of  a  ^ranuuu*  salt,  which  is 
lifted  out  ftom  time  to  time  from  the 
bottom  with  a  lar^e  ladle,  perforated  with 
small  holes,  and  thrown  into  a  draining^ 
box.  This  saline  powder  may  be  formed 
into  regular  crystals  of  neutral  chromate 
of  potash,  by  solution  in  water  and  slow 
evaporation ;  or  it  may  be  converted  into 
a  more  beautlM  crystalline  body,  the 
bichromate  of  potash,  by  treating  its  con- 
centrated solution  with  nitric,  muriatic, 
sulnhuric,  or  acetic  acid,  or,  indeed,  any 
acid  exercising  a  stronger  amnitv  for  the 
second  atom  of  the  potash  than  tlie  chro- 
mic acid  does. 

Bichromate  of  potash,  by  evaporation 
of  the  above  solution,  and  slow  cooling, 
may  be  obtained  in  the  form  of  square 
tables,  with  bevelled  edges,  or  flat  four- 
Aided  prisms.  They  are  permanent  in 
the  air,  have  a  metallic  and  bitter  taste, 
and  dissolve  in  about  one-tenth  of  their 
weight  of  water,  at  60°  F. ;  but  in  one- 
half  of  their  weight  of  boiling  water. 
They  consist  of  chromic  acid  13,  potash 
6 ;  or,  in  100  parts,  6S-4  +  81-6.  This  salt 
is  much  employed  in  calico-printing  and 
in  dyeing ;  winch  see. 

C&romate  of  leadj  the  chrome-yellow 
of  the  painter,  is  a  rich  pigment  of  vari- 
ous shades,  from  deep  orange  to  tli« 
palest  canary-yellow.  It  is  made  by  add- 
ing a  limpici  solution  of  the  neutral  chro- 
mate (the  above  granular  salt)  to  a  solu- 
tion, equally  limpid,  of  acet^Ue  or  nitrate 
of  lead.  A  precipitate  falls,  which  must 
be  well  wosiicd,  and  carefully  dried  out 
of  the  reach  of  any  sulphureted  vapors. 
A  ligh^r  shade  of  yellow  is  obtained  bv 
mixing  some  solution  of  alum,  or  sul- 
phuric acid,  with  the  chromate,  before 
pouring  it  into  the  solution  of  lead  ;  and 
an  orange  tint  is  to  be  prooure<l  by  the 
addition  of  suhacetate  of  lead,  in  any  de- 
sired proportion. 

Lately  great  use  has  been  made  of  the 
greenoxydetodyoinorand  j>aiiitiiiir<>nj)or- 
cclain.  This  oxvde  may  l)e  prepiired  by 
deeoinposinsr,  with  heat,  the  flironiate  of 
mercury,  a  salt  made  by  addin-x  to  ni- 
trate of  proto.vyde  of  ineroury,  thromate 
of  pota-sh,  in  equivaU-nt  proiMtrliDiiM. 
This  chromate  luus  a  tine  ciniiabnr  n'<l, 
when  pure  ;  and,  at  udull  red  heat,  parts 
with  a  portion  of  its  oxygen  and  its  iner- 


onrial  oxyde.  From  M.  Bulong^s  ex- 
periments it  would  appear,  that  the 
purest  chromate  of  mercury  is  not  the 
oest  adapted  for  preparing  the  o]i^de  of 
chrome  to  be  used  in  porcelain  paintinff- 
he  thinks  it  ought  to  contain  a  little 
oxyde  of  manganese  and  chromate  of 
|)otash,  to  afford  a  ^reen  color  of  a  fine 
Unt,  especially  for  pieces  that  are  to  re- 
ceive a  powerful  heat.  Pure  oxyde  of 
chrome  preserves  its  color  well  enough 
in  a  muffle  furnace :  but.  under  a  stronger 
fire,  it  takes  a  deaa-lear  color. 

An  improved  method  of  makin|i^  this 
valuable  color  for  enamelling,  is  to  mix 
intimately  46  parts  of  gunpowder  with 
240  parts  of  perfectly  drj'  chromate  of 
potash,  and  85  parts  of  hydrochlorate  of 
ammonia  (sal  ammoniac),  reduce  to  pow- 
der^ and  pass  through  a  fine  sieve ;  fill  a 
conical  gloss  or  other  mould  with  this 
powder,  gently  pressed,  and  invert  so  as 
to  leave  the  powder  on  a  porcelain  slab 
of  any  kind.  When  set  on  fire  at  its 
apex  with  a  lighted  match,  it  will  bnm 
down  to  the  bottom  with  brilliant  corus- 
cations. The  black  residum,  being  elu- 
triated with  warm  water,  affords  a  fine 
bright  green  oxide  of  chromium. 

CHROMIC  ACID.  As  this  substance 
is  now  much  used  by  calico  printere  and 
bleachers^  the  following  mode  of  obtaining 
it  is  subjoined.  To  100  parts  of  yellow 
chromate  of  potash,  add  186  of  nitrate  of 
bary  tes,  each  in  solution.  A  precipitate  of 
the  yellow  chromate  ofbarytes  falls,  which 
being  washed  and  dried  would  amount 
to  l.'^O  parts.  But  while  still  moist  it  is  to 
be  dissolved  in  water  by  the  intervention 
of  a  little  nitric  acid,  ond  then  decom- 
posed by  the  addition  of  the  requisite 
quantity  of  sulphuric  acid,  whereoy  the 
barvtes  is  separated,  and  the  chromic 
acid  remains  associated  with  the  nitric 
acid,  from  which  it  can  be  freed  by  evapo- 
ration to  dryness.  On  re-dissolviiisr  ihe 
chromic  acid  residum  in  water,  filtering 
an<l  evaporating  to  a  proper  dcflrree,  56 
parts  of  chromic  acid  maybe  obtained  in 
crystals. 

Tliis  acid  may  also  be  obtained  from 
chromate  of  lime,  formed  by  mi xintr  chro- 
mate of  potash  and  muriate  of  lime ; 
washinir  tne  insoluble  chromate  of  lime 
which  precipitates,  and  decompo-ing  it  by 
tlic  equivalent  quantity  of  oxalic  acid, 
or  for  ordinary  pur}M)ses  even  sulphuric 
acid  nuiy  be  cmi)lo>cd. 

Chrotuieaeid  is  obtained  in  quadrangu- 
lar crystals,  of  a  deep  re<l  color  ;  it  Iuls  a 
vcrv  acrid  and  styptic  taste.  It  reddens 
powerfully  litmus  paper.     It  is  delique- 
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■cent  in  the  air.  When  heated  to  red- 
ness it  emito  oxygen,  and  panses  into  the 
deutoxydo.  "When  a  little  of  it  is  fased 
ktong  with  vitreous  borax,  the  compound 
asMumes  an  emerald  green  color. 

CHRONOGRAPH,  Locke's  Electro  C. 
This  apparatus,  for  which  an  appropria- 
tion was  made  by  Congress,  uns  oeen 
pat  in  operation  at  the  Xational  Observa- 
tory Washington. 

"^e  dock  case  is  of  fine  Italian  marble, 
ornamented  with  glass  panels,  set  in 
silver  sashes.  The  dial  and  hands  are 
like  those  of  an  ordinary  dock,  but  the 
dial  is  cut  out  and^  made  a  skeleton,  for 
the  purpose  of  giviu]^  access  to  the  elec- 
trical works  bcnind  it.  The  pendulum 
is  made  throughout  of  glass  ;  to  compen- 
sate for  the  expansion  even  of  glass  by 
heat,  the  weight  of  the  pendulum  con- 
sists of  four  large  glass  tubes,  placed 
side  by  sidCj  like  organ  pipes,  oil  filled 
four  or  five  inches  deep  with  quicksilver. 
The  suspension  of  the  pendulum  con- 
sists of  hardened  steel  cylinders,  rolling 
on  jewelled  planes  made  of  polished 
chrysolite.  The  mechanism  by  which 
the'  electrical  contact  surfaces  are  kept 
dean  and  bright  is  veiy  ingenious  and 
was  Buggesied  to  Dr.  Locke  by  Prof. 
House  ot  New  York.  It  consists  of  a 
small  platinum  cylinder  which  is  kept 
revolvinf^  with  a  wiper  to  keep  it  clean. 
This  cylinder  has  also  a  longitudinal  mo- 
tion, which  by  reciprocation  makes  the 
electrical  contacts,  which  occur  every 
second,  travel  in  a  sj)iral.  which  also  re- 
volves. Tho  result  is,  tliat  tlic  contacts 
are  mode  every  second  for  86  days  with- 
out occuring  twice  in  the  same  place ; 
and  even  then  it  is  a  mere  chance  if  the 
contacts  are  recommenced  in  the  same 
track. 

Every  time  a  contact  is  made  a  slight 
mark  is  led,  by  electrical  action,  on  the 
platinum  surface ;  and  wlien  tlie  spiral 
revolution  has  been  completed,  the  cylin- 
der is  marked  all  over  its  surface  by  gco- 
metric  intersections. 

The  clock  contains  a  duplicate  interrup- 
ter or  electrotome,  which  may  be  brougnt 
into  action  when  desired.  It  consists  of 
a  little  tilt-hammer,  pivoted  concentri- 
cally with  the  pendulum,  and  lifted  b^  a 
little  arm,  or  its  ei^uivalent,  projecting 
from  the  pendulum  itself. 

No  less  than  four  patents  have  been 
recently  taken  out  in  England  for  im- 
proveinents  in  Clocks  moved  by  Electri- 
city. The  first  Electric  Clock  known  was 
invented  in  1815,  by  a  German  named 
Bozengeiger.     This  was  a  local  dock. 
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The  first  Electric  Clock  to  move  in  unison 
ony  number  however  distant,  was  inven- 
ted by  Bain  in  1840.  Since  then  there 
have  Dcen  a  great  number  of  modifica- 
tions such  as  combining  a  register  with 
the  dock,  which  is  a  most  important  im- 
provement. 

CHRONOMETER.  A  watch  of  pecu- 
liar construction,  and  great  perfection  of 
workmanship,  used  for  determining  geo- 
graphical longitudes,  or  other  purposes 
where  time  must  be  measured  witli  ex- 
treme accuracy.  The  chronometer  differs 
from  the  ordinary  watch  in  the  principle 
of  its  escapement,  which  is  so  construct- 
ed that  the  balance  is  entirely  free  from 
the  wheels  during  the  greater  part  of  its 
vibration ;  and  also  in  having  tfie  balance 
compensated  for  variations  of  tempe- 
rature. Marine  chronometers  geuenilly 
beat  half  seconds,  and  ore  hung  in  gim- 
bals, in  boxes  about  six  or  eight  inches 
square.  The  pocket  chronometer  does 
not  difler  in  appearance  from  the  ordi- 
nary watch,  excepting  that  it  ia  generally 
a  little  larger.  Chronometers  are  of  im- 
mense utility  in  navigation ;  and  ships 
going  on  distant  voyages  arc  usually  fur- 
nislied  with  several,  for  the  purpose  of 
checking  one  another,  and  also  to  guard 
against  the  effects  of  accidental  derange- 
ment in  anv  single  one.  The  accuracy 
whith  whicn  some  of  the  better  sort  of 
chronometers  have  been  found  to  perform 
is  truly  astonishing ;  the  error  in  a  two 
months'  vovage  not  exceeding  two  or 
three  seconds. 

Chronometers,  offered  to  the  British 
Government  to  -purchase,  are  placed  in 
the  Greenwich  Observatory  in  the  first 
or  second  week  in  Januar}',  and  ranged 
on  shelves  round  the  chronometer  room, 
and  each  is  daily  compared  with  the  astro- 
nomical clock,  and  its  rate  carefully 
noted.  This  is  continued  until  the  mid- 
dle of  July,  during  which  time  the  tempe- 
rature of  the  room  is  much  varied.  In 
the  coldest  weather  the  room  is  thrown 
open,  80  that  it  is  lus  cold  inside  as  out ; 
and  in  summer  the  change  i»  all  of  70°  of 
difference.  The  chronometers  are  also 
submitted  day  and  night  for  about  six 
weeks  to  80  degrees  heat,  raised  by  fire. 
This  is  the  usual  trial. 

Chronometers  are  more  in  use  in  Ameri- 
can vessels  than  in  those  of  any  other  na- 
tion. 

Mr.  Losc'hy  has  introduced  mercury 
into  tlie  chrononictcr  to  cotiipensatc  tor 
the  1()S8  of  elasticity  in  the  balance  s^pring 
when  Hiibjcctcd  to'licat.  It  acts  equally 
by  its  fluidity  and  by  its  thermal  expan- 
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■ion,  aod  his  been  favonibly  r«porCcd  on 
«(ter  trial,  by  the  ABtroiiomcr  Hoyal  of 


Kociatcu  in  cue  sana  oi  iiie  LuyioncBo 
rivera  with  rubies  and  ra^pbiree.  Tlie 
fvtnapiaiie  of  Haay,  whldi  in  a  species  of 

gUinnn  lT-»,  oxide  of  iron  S-5. 

fHRYSOLlTE.  AerTBtulliieitmlDera], 
often  of  s  (joliteii  yellow  oolor.  11  is  a 
ibmfcroiiB  n/iM*<  of  magrusia,  anil  ia 
BometiineB  uecd  in  jcn-clry. 

CUUKX.    AiiinBlniitiennisedtosepa- 

«s  tlie  luilb  ia  alkulioe  tlie  biittcr  will 
sej>flrat«,  but  wheu  it  Iwcomes  fail    . 

It  By  ill 


inlly 


Hid  (be  butter 

OD  the  top.  A^bUine  the  milk  hy  lii- 
ITodacing  air  hastunsthiaby  tbnuingbic- 
Uo  and  acetic  add^  in  the  niilli. 

In  ISSO  Mr.  Z.  C.  Bobina  of  St.  Loui:>, 
Mo.,paIGa[edat«lu)[niph  cbiim,  ofnrIiii.'li 

Tbo  nature  of  this  iuveuliuu  ia  to  vta- 
tatp  the  cream  or  milk  by  the  o)>cration  of 
the  rotation  of  tbo  bealvrs,  ilonncd  fnr 
that  purpose)  like  to  tliu  uetionprodun-d 
by  knives  for  irliippiiig  <^ga.    The  s]ivi*i- 

I  the 


[cm 

fomicd  and  armnEed  wilbin  the  agiutor, 
fiubaCoDtinlly  aa  obova  described,  so  that 


talor,  Btibalantiolly  us  herein  set  forth/' 

ClUKK.  A  fermented  liquor  made 
from  tlis  juiioof  apples.  Cider  ia  iniide 
in  all  the  temperate  ell  mates  of  tbe  world 
which  are  not  suflicieutly  warm  forma- 
turing  the  grape,  and  where  the  cold  is 
not  BO  great  im  to  reduce  the  inhabiltmtn 
to  only  the  beer  prodacbd  by  a  ferniciit- 
cd  doeoctioD  of  ^rein.     Cider  is  formed 


a  stone  roller  turned  hv  a  ,  ..   ^. 

twcen  fluted  or  apiky,'  and  afterwards 
between  smooth  rollcrB  of  wood  or  iron, 
driven  by  meu.  Tliu  applea,  including 
the  core  and  tlie  seeds,  l^iiig  reduced  to 
a  pnip  byerusbiug  orerinding,  the  mwut 
b  put  into  a  liair  cloth  and  powerfully 
pressed ;  and  the  liquor  which  runs  fh^m 


iB  put 


to  fen  . 

Bcd  to  tlu 


dcd  the 


..  coaks,  where 
t,  tlic  casks  licing 
:  nir  In  the  shade ; 


freely 


>r  doi 


ing  tl 


_  ._ r,  of  tliiu 

A  A,  Bi-ciircd  to  radial  arii 

,  lU    Blllll     llOfitl'illS   us    li 


ordi 

tiieir 

with  llio  radudi  III 
eoDBtrnct  tlic  a^ril 
beaters  as  represi; ,.._ 

eW-hsLflM  iHIIISPl'Ul|"Wlli  "fi 


rpiiids  the  vs 
beat  diler,  other  circumstnuci 

same,  ia  thut  in  which  the  f 

has  goucou  alovly,  and  where  the  vi 

feniiculation  Lai  not  gone  so  thr  aa  to  be- 
nimc  acctouB.  The  elicch  to  fermenta- 
tion coiii'lstfl  in  racking  olf  from  one  caiik 
tuBUuIbtr  &lurD  vniiU r  the  cuska  are 
reiiiovid  to  a  C(.llur.  and  in  tbc  I 
ig  tlio  lii|uor  u   St  Ibr  uat 


ola] 


CYCLOPEDIA    OF  THE   USEFUL   ARTS. 


99 


Converchel  haa  given  the  following  table, 
illustrative  of  tlmt  proposition : — 

Juice  of  the  gre«n  renette,  queen 

apple  {reitiftU  v€r(e)        .        .        .  1,0S4 

Emclish  renette l,t^'i<) 

Ke«l  renette 1,<>72 

Mui»k  renette 1,069 

FouUUtrayd 1,064 

OrHnL'o  appie 1»063 

P..  runtc  uf  Caox 1,060 

Wa'.tT  1,000 

111  November, 2,  S40  kilogrammes  of 
nr»»U*s  i'l\  tons  English,  nearly)  are  snp- 
|M)^c<l  to  alford  l,0<jO  litres  (22oi  gallons) 
of  pure  cider;  and  600  litres  of  a  small  ci- 
der made  with  the  marc  mixed  with  water 
and  prciiscd.  But  many  persons  mix  all 
t<>!<ether,  and  thus  manutacture  1,600  li- 
tres out  of  the  above  weight  of  fruit. 
In  France,  the  fermented  liquor,  as  soon 
as  it  is  clear,  is  often  racked  off  into  casks 
containini^  the  fumes  of  burning  sulphur, 
whereby  it  ceases  to  ferment,  and  prc- 
s*erveft  much  of  its  sugar  undecomposed. 
It  is  soon  afterwards  bottled.  Average 
cider  should  yield  6  jier  cent,  of  alco- 
hol on  distillation. 

Cider-apples  may  be  distributed  into 
three  classes,  the  sweet,  the  bitter,  and 
the  soar.  Tue  second  arc  tiie  bent ;  tiicy 
afford  a  denser  juice,  richer  in  suirnf. 
which  clarifies  well,  and  when  fermented 
keens  a  loiuf  time;  the  juice  of  sweet 
ajpples  is  difficult  to  clarifv ;  hut  that  of 
the  sour  on^  makes  bad  cider.  Late  ap- 
ples are  in  general  to  be  preferred. 

Frederick  Falkener,  in  the  fourth  vol- 
nrne  of  the  Boyal  Agricultural  Journal  of 
Kn'jiand,  adverts  judiciously  to  the  ne- 
oe.-ssiiy  of  the  presence  of  alkaline  and 
e^irthy  bases,  in  the  soils  of  all  deciduous 
trees,  and  especially  of  such  ns  produce 
aci<l  fruits. 

CINNABAB.  An  Indian  name,  given, 
according  to  Pliny,  to  a  mixture  of  the 
blood  of  the  dragon  and  elephant,  and 
other  substances  of  similar  c<.)lor.  It  is 
now  exclusively  applied  to  the  red  pig- 
ment called  vet'muion.  It  i»ahUulphuret 
of  Tfurc^iry^  composed  of  200  mercury-f- 
32  sulphur. 

CINNAMON.  The  bark  of  the  Cin- 
miriutmufn  zci/Uinicum.  This  tree  is  a  na- 
tive of  Ceylon,  whence  the  finest  cinna- 
mon is  obtained ;  it  is  of  an  astringent 
and  highly  aromotic  and  warm  flavor, 
and  yields  by  distillation  an  extremely  fra- 
grant and  pungent  volatile  oil,  kept  for 
pharmaceutical  use  under  the  name  of 
oU  of  cinnamon.  An  inferior  kind  of 
cinnamon  is  often  met  with  in  commerce, 
which  it  remarkably  deficient  in  flavor. 


CINNAMON  STONE.  (So  called  from 
its  color.)  A  silicate  of  lime,  alumine, 
and  oxide  of  iron,  from  Cevlon.  It  oc- 
curs massive  and  in  rounded  pieces  in 
the  simd  of  rivers  ;  some  of  these  ore  oo- 
casionallv  cut  and  polished  for  jewelrv. 

CITRIC  ACID.  The  acid  of  lime  and 
lemon  juice.  It  is  largely  made  for  do- 
mestic use  and  for  calico  printing.  The 
juice  is  saturated  w^ith  lime  to  sepanite 
the  mucilage  and  extraneous  matters. 
The  citrate  of  lime  so  formed  is  treated 
with  oil  of  vitriol,  which  taking  the  lime 
to  form  sulphate  of  lime  sets  the  citric 
acid  free  :  this  is  treated  with  water,  and 
evaporated  and  crj'stallized. 

CIVET.  A  brown  semifluid  contained 
in  a  gland  near  the  anus  of  the  Viverra 
Civetta  or  civet  cat.  The  odor,  unless 
dilute,  is  very  unpleasant,  combined 
with  other  perfumes. 

CLARET.  A  term  applied  to  several 
of  the  Bordeaux  wines.  An  excellent 
claret  is  now  manufactured  in  Texas  from 
the  Mustang  grape.  As  many  as  five 
barrels  have  been  made  upon  a  siiit^Ie 
plantation.  The  spontaneous  production 
of  this  gnipe  in  Texas  exceeds  all  belief. 
Thou:^ands  of  hogsheads  of  wine,  nowise 
inferior  to  French  claret,  could  be  manu- 
factured every  year  from  this  hardy  na- 
tive ^rape. 

CLAY.  In  chemistry,  a  term  gene- 
rally api^licd  to  a  variety  ofpkistiv  earthy 
compounds  of  different  colors,  and  hav- 
ing much  attraction  for  water.  They  are 
essential  in  the  manufacture  of  pottery, 
and  consist  of  silica,  with  variable  quan- 
tities of  alumina,  and  generally  some  ox- 
ide of  iron. 

Clay.  In  agriculture,  one  of  the  moat 
common  ingredients  that  enter  into  the 
composition  of  soils.  Indeed,  it  may  be  as- 
serted that  no  soil  whatever  will  nmintain 
its  fertility  lor  any  length  of  time  without 
a  due  proportion  of  clay  in  its  composi- 
tion. The  niOf*t  fertile  soils  in  the  world 
are  the  alluvial  deposits  on  the  banks  of 
rivers ;  and  these,  in  an  agricultural 
sense,  all  belong  to  clayey  soil.  In  manv 
ciuses  the  clays  of  agriculture  are  inti- 
mately united  with  cmeareous  earths,  and 
in  others  with  sands ;  but  in  both  eahes 
these  earths  arc  in  such  a  state  of  minute 
division,  that  the  mixture  lias  all  the  np- 
pcarimce  and  the  mechanical  properties 
of  a  strong  clay,  and  they  are  treated  by 
cultivators  aceordincly  ;  andtlie-se,  wlun 
examined,  arc  found  in  many  eaxs  to 
contain  a  considerable  proportion  ot'  liine, 
and  in  others  of  sand.  The  best  wheats 
are   every  where   grown    on    aileareous 
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days ;  and  also  the  best  fVuits  and  flow- 
ers of  the  Rosaceous  kind,  such  as  ap- 
ples, pears,  plums,  cherries,  roses,  <fec. ; 
out  it  18  remarkable  that  the  grape,  when 
ffrown  on  clayey  soil,  produces  neither 
high-flavored  fruit  nor  good  wine. 

CLAYEY  SOIL.  ScmI  in  which  clay 
is  the  principal  earthy  ingredient.  Soils 
of  this  description  when  first  subjected 
to  cultivation  are  expensive  to  lalxjr,  and 
uncertain  in  their  produce ;  but  after 
they  have  been  arainod,  cultivated, 
limed,  and  manured  for  two  or  three  •fe- 
nerations, they  become  tlie  mosit  fertile 
of  all  soils,  producing  iumicnse  crops  of 
wheat,  beans,  clover,  r>'e-trrai>s,  &c. 

CLOCK.    {S^e  Watch.)' 

CLOTH.  {See  Textile  Fabrics  and 
Weaving.) 

Cloth,  iiK^mhiistihh.  At  a  late  meet- 
ing of  the  British  Association,  Sir  Da- 
vid Brewster  read  a  paper  '*  (.)n  a  speci- 
men of  incombustible  cloth,  for  I  lie 
dresses  of  ladies  and  children,  manufac- 
tured in  Dundee,  Scotland,  hv  Mr. 
Latts."  This  cloth  is  printed  Ciilico,  of 
which  several  specimens  were  prepared 
bv  immersion  in  phosphate  of  mairuesia. 
When  inflamed  it  soon  went  out  without 
the  flame  spreading,  and  Sir  David  stated 
that  a  sparK  of  red  coal  would  not  ignite 
it. 

Cloth,  Vu2caniz4:d  Iiulialiuhhrr  (pa- 
tented). Mix  15  parts  of  irolden  sulphuret 
of  antimony  with  luo  parts  of  India  rub- 
ber, and  when  it  is  thoronLrhly  "  masti- 
cated'' as  known  to  manufaeturors,  the 
articles  are  to  he  made  u[)  an<l  then  siil)- 
niitted  to  lieat  in  a  bi»iler  under  pressure 
at  a  temperature  varying  from  'JtJo-*  to  J 
2s(P  Fahrenheit. 

Cloth,  or  Sill'  Fruu^h  Wiif'rrproof'. 
The  followin'JT  is  the  pr«ieess  U'lopU'd  l)\ 
M.  Colk^t  :— Take  1  lb.  of  linse.-.i  oil,  l"i 
Ih.  of  white  lead,  1  oz.  of  uniher,  aiitl  a 
little  garlic;  boil  tlu"^e  iuLrnvlients  for 
12  hours  over  a  slow  tire,  and  when  this 
coni{n)siti<)n  aeijuires  a  skin  upim  its 
Hurtace,  it  is  lit  for  u-<e.  Tiie  eloih  or 
silk  is  then  to  he  immersed,  heimr  ]>re- 
viously  spread  over  a  I'ranie,  then  hnii«x 
up  to  dry,  an<l  afterwards  rubbed  suio«>tii 
with  pumicx'  ^tone. 

Tiie  material  is  next  to  bo  coated  with 
another  cornj^osition,  prepared  in  tiie  t'ol- 
lowing  nv.muer  : — Take  1  lb.  of  linx-cd 
oil,  1  oz.  lithari^'e,  4  ilraehnis  of  sulphate 
of  ziiie.  and  4  oz.  of  wiiile  lea«l.  eal<ined 
to  a  yellow  coh^r  :  boil  the>e  in  an  iron 
pot  until  they  a.-sunie  the  eon-i.>tenee  ot' 
I'aste.  This  pie]'.iration  is  then  to  he 
spread  over  the  cloth  on  the  side  of  it, 


and  then  dried  in  a  heated  chamber.  For 
covering  of  silk  this  operation  should  be 
repeated.  Oil-skin  cloth,  perfectly  flexi- 
ble and  waterproof,  is  thus  produced. 

COAL.     This   highly  important  sub- 
stance is  found  in  beds  or  strata  in  that 
group  of  the  secondary  rocks  which  in- 
cludes the  red  sandstone  and  mountain 
limestone  formations,  and  which  is  com- 
monly called  the  cartxmlferous  grmip^  or 
coal  m^a^ures.     From  the  peculiarities  of 
their  depositions  they  are  orten  spoken 
of  under  the  names  of  coal  IniJiins^  and 
cfhil fields.    There  are  two  or  three  points, 
and  those  of  much  theoretical  importance, 
respecting  the  origin  of  coal,  on  which 
geological  authorities  are   nearly  unani- 
mous.   The  one  is,  that  our  present  coal 
is  exclusively  of  vegetable  origin,  formed 
apparently  from  the  destruction  of  vaat 
forests ;  and  the  prodigious  quantities  of 
tinil)er  drifted  by  some    ot    the    great 
rivers   of  the    world    into    the    present 
ocean   render  it   not   improVjable  that  a 
similar  formation  may  now  be  carrving 
on  in  the  depths  of  certain  parts  of  the 
sea.     Seeonaly,  from  the  nature  of  the 
preserved  voLretables  it  appears  probable 
that  the  climate  of  these  j>arts  was  not 
merely  tropical,  but  ultratronieal.    It  nuiy 
also  be  inferred  that  the  coaJ  strati  were 
(h'posited  in  the  neighborhood,  and  olten 
probably  upon  the  very  verge  of  exten- 
sive tracts  of  dry  land  ;  for  the  trees  that 
are  found  in  coal   strata  are  often  like 
those  of  our  submarine  forests,  a.s  far  as 
j)o>iti(^n  iroes.     And,  Anally,  the  deposits 
of  eoal   appear  at\erwards  to    have  been 
elevated,  and  (»t'ten  sinfrularly  dislocjited 
and  contorted  by  forces  acting  from  be- 
low, and  prohahly  of  a  volcanic  nature. 

In  si>nu'  eoal  tiehU  there  are  anpear- 
an<es  whieh   justifv  the  \.tT\\\  cfHil)>asin  : 

•  •  • 

they  are  of  lluiited  extent,  tVequently  dip 
as  ii  were  to  a  eoimnon  centre,  and  con- 
sist of  various  beds  of  santl^tone,  shale, 
and  eoal,  irreirularly  stratitied  ;  and 
sometimes  mixed  with  conglomerates, 
^ho\vinif  a  mechanical  (»rifrin. 

That  these  deposites  have  taken  place, 
and  that  the  ehaiiirc  of  wood  into  t»«»al 
ha-*  ot'tcn  be<n  etfettctl  under  great  pres- 
>ure.  anil  oftni  uikUt  the  }>ressure  of 
lnat.  sn-riis  evident  tVoni  the  a)>pearan(V 
of  >oiiK'  of  the  vet:etal)le  iiuisscs,  and  al- 
so from  the  manner  in  whieh  the  ejirbu- 
retttd  hydroi.'cii  ^scapes  in  the  tonn  of 
}iU,>f,  f't  and  eructations  ironi  the  strata, 
as  if  pent  uji  in  their  cavities  \in<ler  vast 
eoii.U-usatioii,  mid  even  s».>metimes,  per- 
hap>,  in  a  li'pud  t'orm. 

Thuui:h  there  are  often  manv  beds  and 
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Mams  of  ooal  m  one  field,  it  is  seldom 
that  msDV  of  them  are  worked.  They 
are  generally  of  uniform  thickness 
through  a  great  extent,  bat  are  some- 
times sabject  to  irregularities.  When 
less  than  two  feet  thick  they  are  sel- 
dom worked  to  any  great' extent.  The 
nature  of  the  upper  stratum,  or  ston^ 
matter  of  the  rooj^  is  very  iinportant :  if 
compact,  it  is  secare  from  falling,  and 
keeps  out  water ;  if  loose,  the  expenses 
incurred  in  supporting  it  absorbs  the 
profits  of  the  coal. 

The  Beds  of  Coal  in  the  U.  S.  are  numor- 
on»  and  extensive,  embracins:  the  whole 
country  from  the  border  of  New  Brnns- 
wick  to  Tuscaloosa  in  Alabama,  and  iVom 
the  Alleghanies  to  Vancouver's  Island. 
The  coal  is  of  both  kind:^,  anthrncltic  and 
bitominons.  The  former  existing  on  the 
slope  of  the  Alleghanics,  where,  by  up- 
heaval of  heated  mineral  masses,  the'bitu- 
men  has  been  expelled,  and  the  cool  con- 
verted into  anthracite.  The  bitumen  in 
coal  increases  as  the  beds  pass  westward 
toward  the  Mississippi,  where  as  well  as 
on  the  Pacific  shores,  tlie  quantity  of 
bitumen  is  equal  to  that  in  English  sea- 
coal.  The  geol(^ical  survey  of  tlic  state 
of  New  York  has  not  brought  to  light 
any  important  deposit  of  coal  in  that 
state  ;  but  it  has  been  statod  in  the  Al- 
bany Evening  Journal  of  ISoO,  that  a  scam 
of  ooal,  four  feet  in  thickness,  has  been 
discovered  by  Mr.  J.  N.  Cutler,  of  that 
city,  in  Coeymans — a  few  miles  only  from 
Albany,  on  the  farm  of  a  Mr.  Vanduzee. 
It  is  believed  to  extend  through  Albany, 
Green,  and  Schoharie  counties. 

The  three  crreat  coal-fields  in  the  country 
are : — the  Ohio,  740  miles  long,  and  180 
wide,  covering  an  area  of  60,000  square 
miles ;  the  Illinois  coal-field,  covering 
54 i,<X>0  square  miles;  and  the  Michigan, 
15,<X)0  square  miles.  Besides  these,  there 
are  the  numerous  anthrocitic  basins  in 
I'ennsylvania  and  Virginia,  the  furthest 
being  100  miles  S.E.  of  the  margin  of  the 
Ohio  coal-field.  In  passing  across  the 
coal-fields  there  is  a  gradual  diminution 
of  the  bitumen  eastward.  The  coal  of 
etfry  kind  rests  on  the  same  basis  of 
rock,  with  the  same  fossils  distributed 
through  it,  and  the  particular  coal-fields 
can  be  identified  even  when  separated 
bv  an  interval  of  50  miles.  The  anthra- 
cfte  field  is  5000  feet  deep,  and  contains 
50  seams  of  coal.  The  bituminous  coal- 
field of  Ohio  is  2,800  feet  deep,  8,000,000 
tons  of  anthracite,  and  1,00(»,0<X)  tons  of 
bituminous  coal  are  raised  yearly.  The 
anthracite   coal-mines   on   the    Lehigh 


Biver,  Pa.,  are  worked  like  an  open  quar- 
ry on  the  slope  of  a  mountain,  rising  900 
feet  above  the  river.  The  ooal  is  60  feet 
thick,  and  surroimds  the  quarry  in  black 

{flistening  walls,  capped  by  40  feet  of  yel- 
ow  sandstone,  and  is  conveyed  by  a  self- 
acting  railway  for  eight  miles  down  a  de- 
clivity, fVom  100  to  140  feet  per  mile,  the 
whole  of  obtaininj^  being  about  4  cents  a 
ton  ;  when  quarried  to  some  distance  the 
bed  splits  up  into  branches.  The  anthrar 
cite  district  extends  across  two  counties, 
Luzerne  and  Schuylkill.  At  Portsmouth. 
R.  I.,  abed  of  anthracite  has  been  workca 
for  25  years  back.  A  mine  of  anthracite 
has  been  open  in  Worcester,  Mass.,  at 
the  head  of  the  Blaokstone  Canal.  The 
cost  of  transport  of  a  ton  of  coal 


From  Maunch  Chunk  to  Philaddphia  •!  93 
From  Maunch  Chunk  to  New  York  .  2  42 
From  Penham  to  Philadelphia  .  .19.^ 
From  Penham  to  New  York         .       .    2  56 

The  value  of  coal  exported  in  1850  was 
$1 67,090.  The  coal  imported  in  the  same 
year  was  180,489  tons,  value  $878,817. 

COBALT.  From  Kof^M,  "  evil  infiu- 
ence,"  applied  by  the  German  miners, 
who  considered  it  unfavorable  to  the 
presence  of  the  more  important  metals. 

Cobalt  is  a  brittle  metal  of  a  reddish 
groy  color;  its  specific  gravity  is  7-8.  It 
fuses  at  a  temperature  a  little  below  that 
required  for  tlie  fusion  of  iron.  It  is 
magnetic.  When  heated  red  hot,  and 
freely  exposed  to  air,  cobalt  absorbs 
oxygen.  Its  equivalent  number  is  80; 
ancl  the  salifiable,  or  protoxide  of  cobalt, 
consists  of  80  cobalt  +  8  oxygen  =  88  oxide 
of  cobalt.  The  oxide  of  cobalt  is  nearly 
black ;  but  when  in  the  state  of  hydrate, 
or  when  largely  diluted  by  fusion  with 
glass  or  borax,  it  produces  its  characteris- 
tic blue  color ;  and  as  this  color  is  perma- 
nent at  very  high  temperatures,  it  is  an 
invaluable  article  in  the  manufacture  of 
porcelain  and  pottery,  all  the  blue  colors 
of  which  are  derived  from  oxide  of  cobalt, 
"When  fused  with  glass  it  communicates 
a  blue  tint  without  impairing  its  trans- 
parency. A  verv  deep  olue  glass  of  this 
Kind  when  finely  powdered  acquires  a 

fale  and  brilliant  color,  ond  is  called  svuilt. 
mpure  oxide  of  cobalt  is  known  in  com- 
merce under  the  name  of  zaffre.  Cobalt 
is  said  by  Stromever  to  exist  in  all  mete- 
oric iron,  althougfi  in  very  small  quantity. 
In  its  ores  it  is  always  as'socintcd  with  ar- 
senic, and  zaffrc  is  prepared  by  roasting 
thcHc  native  arseniurcts  of  cobalt. 

COCCOLITE.  A  mineral  of  a  concre- 
tionol  or  granular  texture. 
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COCOON.  The  silken  case  which 
the  larvsB  of  certain  insects  spin  for  the 
purpose  of  a  covering  during  the  period 
of  tneir  metamorphosis,  and  which  some 
spiders  prepare  as  a  protection  to  their 
ova  dunng  the  development  of  the 
young.  Tlie  cod  or  cocoon  of  the  silk- 
worm is  a  well  known  example  of  the 
most  valuable  of  these  productions. 

COCCULUS  INDICUS.  The  fruit  of 
the  Menispennum  oocculus^  imported  from 
the  East  Indies.  It  contains  a  poisonous 
principle,  which  has  been  termed  pi<;ro- 
loxia.  It  is  often  used  to  poison  fishes ; 
a  few  handfuls  of  it  jjround  into  coarse 
powder,  and  thrown  into  a  pond,  bring 
the  fish,  in  the  course  of  a  few  hours,  to 
the  surface  in  an  intoxicated  or  poisonoJ 
state ;  but  if  quickly  removed  into  fresh 
water,  they  recover.  It  is  sometimes  ad- 
ded to  ale  to  increase  its  stupefying  qua- 
lity. 

COCHINEAL.  The  a>ri^n^  cacti.  This 
valuable  insect  was  first  introduced  into 
Europe  about  the  year  l')"i;3.  It  is  im- 
ported from  Mexico  and  New  Spain.  It 
teeds  on  several  species  of  cactus.  It  is 
small,  rugose,  and  of  a  deep  mulberry 
color.  They  are  scraped  from  the  plants 
into  bags,  Killed  by  boiling  water,  and 
dried  in  the  sun.  Those  are  preferred 
which  are  plump,  of  a  peculiar  silvery 
appearance,  and  which  yield  a  brilliant 
crimson  when  rubbed  to  powder.  Corhin- 
eal  is  sometimes  adullered  by  the  admix- 
ture of  a  manufactured  article  con)  posed 
of  colored  dough.  This  is  detected  l>y 
the  action  of  boiling  water,  which  dis- 
solves and  disintegrates  the  imitation, 
but  has  little  etVoet  upon  the  real  insert. 
The  principal  component  of  cochineal  is 
a  peculiar  coloring  matter,  which  has 
been  caWQd car/niniuniaud  corhindii.  It 
is  obtained  by  tligesting  tlie  [»o\V(ler  of 
cochineal  first  in  ether,  which  takes  up 
fat,  and  then  in  alcohol,  which  dissolvt> 
the  cochinelia.  Acids  chanire  its  I'olor 
from  crimson  to  an  oran^rc  red,  and  alka- 
lies turn  it  violet.  When  mixed  with  re- 
cently preci]^itated  aluminous  earth,  it 
forms  a  beautiful  lake.  Cochineal  yields 
a  V>riHiant  scarlet  dye,  which  is  ]»roIluced 
by  fixing  the  colorin<;  mutter  of  the  in- 
sect by  a  mordant  of  alumina  and  oxi<le 
of  tin,  and  exalliiiir  the  color  hy  the  ac- 
tion ot  .^npertartrate  of  })otash.  {S^e 
Carvtve  and  Dvusit.) 

COCOA,  MAMFACTrKE-S  FKOM. 
The  cocoa  maiiuf;jctun"s  are  renr.irkahle 
for  simplicity  of  tlie  pmcc-s  resorted  to, 
and  for  the  u-et'ulne.>s  of  the  articK-s  pro- 
duced, in  many  instances,  from  materials 


formeriy  thrown  away  as  nseless.    The 

co(H)a  nut  as  it  comes  ftrom  the  tree  con- 
sists, first,  of  the  outer  husk,  composed 
of  fibres  matted  and  adhering  together ; 
secondly,  the  shell ;  and  thirdlv,  the  ker- 
nel. The  manufacturers  up  to  tlie  present 
time  employed  only  the  outer  husk  and 
kernel.  The  natives  of  India  have  long 
used  the  fibres  obtained  by  rotting  the 
outer  husk  till  the  fibres  can  be  separated 
by  beating  the  husks.  The  fibres  are 
spun  into  yam  by  the  native  girls  and 
women,  by  rubbing  such  fibres  between 
the  palm  of  the  hand  and  the  surface  of 
the  leg ;  and  in  this  manner  is  made  the 
large  quantity  of  Coir  yarn  brought  into 
that  country,  and  used  for  wcaving-clothe 
for  covering  passages  and  rooms,  and 
also  niattiuif  for  various  uses.  Notwith- 
standing this  rude  mode  of  spinning  the 
fibres,  up  to  the  present  time  no  better 
means  have  yet  been  introduced ;  and  the 
whole  of  the  yarn  employed  in  Encrland 
is  imported.  This,  however,  may  be  ac- 
counted for,  by  reason  of  there  having 
been  no  practicjil  mode  of  obtaining  the 
fibre  in  Britain  from  the  husks  till  very 
lately.  The  husks  are  beaten  to  obtain 
the  fibre,  which  consists  of  three  descrip- 
tions: first,  a  light  elastic  fibre  suitable 
for  stuffing  furniture  ;  secondly,  a  coarser 
fibre  used  for  makintf  mats  ;  and  thirdly, 
a  stn^ig  fibre  used  for  brushes  and 
brooms.  The  liusks  are  soaked  for  some 
time,  then  subjected  to  the  pressure  of 
grooved  rollers,  and  then  by  successive 
processes  of  carding,  by  revolving  cylin- 
ders armed  with  lient  teeth,  the  fibres  are 
com  hod  out,  the  separate  descriptions  of 
filtres  being  deposited  in  <litferent  re- 
ceivers. The  uses  of  these  fil)res  are  for 
making  bruslit'S,  brooms,  mats,  and  mat- 
tresses. The  kernels  are  dried  in  the 
sun,  then  pounded  in  mills  to  extract  the 
oil ;  but  in  more  modern  times  the  dried 
kernel  luis  been  pressed  between  mats  in 
powcrt'ul  press* ■<.     The  oil  for  the  most 


part  is  sent  to  Kuirland,  and  was  formerly 
larLrely  employed  in  the  mamitactnrintr  of 
candles.  The  oil  beins",  when  it  comes 
to  London,  of  about  the  consistency  of 
lard,  rcijuircs  pressing  to  separate  the 
stearine-  from  the  elainc,  and  this  is  done 
between  mats  of  cocoa  nut  fibre  pressed 
in  jvnvertul  ]>rcssos.  The  stearine  w;us 
use. I  for  candles  at  first  alone,  then  in 
cotnhination  with  stcnric  iicid  of  tallow, 
}>roducinir  what  are  called  conipositc 
candlc->  ;  and  it  was  the  intro<luction  of 
stearine  of  cocoa  nut.  cc»ml>im'd  with 
stearic  acid,  whicli  constituted  the  first 
1  step  to  the  great  imj»rovcmcnt  which  has 
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taken  place  in  the  mannfiictare  of  candles. 
The  lar^r  quantities  of  cocoa  nut  oil, 
however,  are  now  exported  to  France  to 
make  soap^  the  nsc  of  such  oil  in  candle 
making  being  now  for  the  most  part  sub- 
Btilutcd  bjr  palm  oil.  It  has  lately  been 
proposed  m  Ceylon,  to  employ  the  juice 
of  the  cocoa  nut  tree  for  tlie  making  of 
augar,  it  being  considered  that  each  tree 
is  capable  of  producing  upwards  of  one 
hundred  wcignt  per  annum,  and  that  an 
acre  of  cocoa  nut  trees,  requiring  little 
cultivation,  will  produce  at  least  twice  as 
much  sugar  as  an  acre  of  sugar-cane  re- 
quiringmuch  more  cultivation. 

OOFFEE.  The  seed  of  an  evergreen 
ahrub,  coffea  Arahka^  of  the  family  liuhi- 
ac«K.  It  rises  twenty  feet  high.  The 
berry  is  imported  from  Arabia,  the  East 
and  West  Indies.  In  Java  large  quanti- 
ties are  grown  and  exported. 

It  grows  upon  large  bushes,  and  the 
grains  of  coflfee  are  farmed  two  in  a  ber- 
ry, about  the  size  and  shape  of  our  com- 
rnon  plum.  The  skin  or  the  berry  is 
about  as  thick  as  that  of  the  plum,  and 
the  color,  when  ripe,  a  pale  scarlet. 

The  bush  is  verv  productive.  Every 
branch  is  loaded  with  the  berries,  which 
grow  two  in  a  place,  on  the  opposite  sides 
of  each  other,  and  about  an  inch  and  a 
half  apart.  When  ripe,  the  skin  bursts 
open,  and  the  grains  of  coftce  fall  out 
npon  the  ground;  but  a  more  general 
way  is  to  spread  something  under  the 
bush,  and  shake  the  cotlee  down.  After 
the  outer  skin  is  taken  otf  tiicre  rcninins 
a  kind  of  husk  over  each  kernel,  which  is 
broken  off  (after  being  well  dried  in  the 
snn)  by  heavy  rollers.  The  colTec  after 
this  needs  winnowing,  in  order  to  be 
freed  fW)m  the  broken  particles  of  the 
bush.  It  has  been  said  by  some  writers 
thai  one  bush  will  not,  with  another,  i 
average  more  than  a  pound  of  coffee.  j 

Coffee  mi^ht  be  cultivated  with  advan- 
tage in  Florida, 

The  analysis  of  the  raw  berry  affords 

Ccllnlarmatter, 84 

MoL*tare, 12 

Fatty  matters, 10  to  18 

Glu<xMo  dextrin, 155 

Lefmxnon  and  casein, 3 

CaSlein,    8-5  to  5 

Nitrogenlred  mattcr% 8 

EA5€ntial  oil  and  aromatic  principles,        -OOS 
Potash,  llrac  raa^csla,  phosphoric  \ 
and  snlphuric  aci<ls  silica  and  >      6-697 
chlorine, S 

In  100  parts. 
The  change  coffee  undergoes  by  roast- 


ing is  not  fully  understood ;  some  of  the 
essential  oils  are  driven  off,  and  the  berry 
is  charred ;  the  peculiar  aroma  is  deve- 
loped, which  is  soluble  in  water,  and  is 
acid. 

COKE.  The  charcoal  obtained  by 
heating  coal  with  the  imperfect  access  of 
air,  or  by  its  distillation.  The  former  is 
usually  called  ov^n  coke;  the  latter  ga^ 
coke^  being  abundantly  produced  in  gas- 
works. The  weight  of  coke  usually 
amounta  to  between  60  and  70  per  ctnt. 
of  the  coal  employed.  Coke  is  a  valuable 
fuel  for  many  purposes  in  the  arts. 

COLCOTHAR.  Brown  peroxide  of 
iron.    (*Sp<?  Rouge.) 

COLOPHANY.  The  dark  colored  re- 
sin which  remains  after  the  distillation  of 
oil  of  turpentine. 

COLUMBIUM.  A  metal  discovered 
by  Mr.  Hatchett  in  1801,  in  a  mineral 
ftrom  Massachusetts  in  North  America. 
It  has  since  been  found  in  a  Swedish 
mineral  called  tantalite,  but  its  ores  are 
extremely  rare.  It  is  acidifinblc,  and 
hence  the  peroxide  has  been  termed  Co- 
luviltu;  acia. 

COLZA,  OIL  OF.  The  oil  expressed 
fVom  the  seed  of  the  Brai^xlca  oUracea,  a 
species  of  cabbage.  Colza  oil  is  much 
used  in  France  and  Belgium  for  burning 
in  lamps  and  other  purposes. 

COMB.  The  name  of  un  instrument 
made  of  a  thin  plate,  either  plane  or 
curved  of  wood,  horn,  tortoise-shell, 
ivory,  bone,  or  metal,  cut  out  upon  one 
or  both  of  its  sides  or  edges,  into  a  series 
of  somewhat  long  tectli,  not  far  apart ; 
which  is  employed  for  disentangling, 
laying  parallel  and  smooth  the  hairs  of 
man,  horses,  or  other  animals. 

A  thin  steel  saw  bow,  mounted  in  an 
iron  or  wooden  handle,  is  the  implement 
used  V)y  the  comb-rnakcr  to  cut  the  bone, 
ivory,  and  wood,  into  slices  of  from  a 
twelfth  to  a  (quarter  of  an  inch  thick,  and 
of  a  size  suitable  to  that  of  tlic  comb. 
The  pieces  of  tortoise-shell  as  found  in 
commerce  are  never  flat,  or,  indeed,  of 
any  refjular  curvature,  such  as  the  coinl* 
murtt  have.  They  are  therefore  steeped 
in  boiling  water  sutfieiently  lonjr  to  soltcii 
them,  and  set  to  cool  in  a  press  between 
iron  and  brass  moulds,  which  impart  to 
them  the  desired  form  which  they  pre- 
serve atYer  cooling.  Afler  receiving  their 
outline  shape  and  curvature,  by  proper 
flat  tiles  or  tine  rasps,  the  place  of  the 
teeth  is  marked  with  a  triaiiirnlar  tile, 
and  tlien  the  teetli  themselves  are,  cut 
out  with  a  double  saw,  composed  of  two 
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thin  slips  of  tempered  steel,  such  as  the 
main-Bprinjr  of  u  wntch,  notched  with 
very  fine  Blmrp  teeth.  These  Hlipa  are 
mounted  in  a  wooden  or  iron  fitock  or 
handle,  in  which  they  may  be  placed  at 
different  distances,  to  suit  the  width  of 
the  comb-teeth.  A  comb-maker,  how- 
ever, well  provided  in  tools,  has  an  as- 
sortment of  double  saws  set  at  every  or- 
dinary width.  The  two  slips  of  this  saw 
have  their  teeth  in  different  planes,  so 
(that  when  it  begins  to  cut,  the  most 
rpromincnt  slip  alone  acts  ;  and  when  the 
teeth  of  tjjis  one  have  fairlv  entered  into 
the  comb,  tiie  other  parallel  blade  begins 
to  saw.  The  workman,  meanwhile,  has 
fixed  the  plate  of  tortoise-shell  or  ivory 
between  the  flat  jaws  of  two  pieces  of 
wood,  like  a  vice  made  fast  to  a  bench, 
so  that  the  comb  intended  to  be  cut  is 
placed  at  an  anL'le  of  45^  with  the  hori- 
zon, lie  now  saws  perpendicularly, 
forming  two  teeth  at  a  time,  proceeding 
truly  in  the  direction  of  the  first  tracing. 

Dr.  Ure  mentions  a  much  better  mode 
of  making  combs,  which  is  to  fix  upon  a 
shaft  or  arbor  in  a  lathe  a  series  of  circu- 
hur  saws,  with  intervening  bniss  washers 
or  discs  to  keep  them  at  suitable  dis- 
tances; to  set  in  a  frame  like  a  vice,  in 
front  of  these  saws,  the  piece  of  ivory  or 
hori)  to  be  cut ;  and  to  press  it  forward 
upon  the  saws  ot  an  angle  of  45  degrees, 
by  means  of  a  regulated  screw  motion. 
When  the  teeth  are  thus  out,  tliey  are 
smoothed  and  rwilinhcd  witli  tiles,  and 
by  rubbing  witli  pumice-stone  and  tri- 
poli. 

Mr.  Bnndy,  of  riitndcn  Town,  Eng- 
land, obtained  a  ]»atint  so  hnvj  iv^o  as 
ITiU),  for  an  !ij>i)aratu-*  of  that  kind,  wliich 
had  an  additional  arhor  fitted  with  a  se- 
ries of  circular  saws,  or  rather  fi1e>,  for 
shaipening  the  point«*  oftlie  eonil>-te«th. 

More  recently,  Mr.  Lync  has  invi-rited 
a  machine  in  which,  l>v  nieans  of  |ire«i- 
sure,  two  combs  are  cut  out  at  once  with 
chisels  from  anv  toui_'h  material,  sueli  as 
horn  or  tortoise-sliell.  soniewhat  sotu-tied 
at  the  moment  hy  the  application  ot' a 
heated  iron  to  it.  The  piece  nC  horn  is 
made  fast  to  a  eurriaL'e,  wliidi  is  inovod 
forward  by  means  of  a  screw  until  it 
comes  nuiler  the  action  of  a  ratchet- 
wheel,  toothed  upon  a  i«art  of  its  circum- 
ference. The  teeth  of  tiiis  wheel  bring 
a  lever  into  action,  fiirni>he<l  with  a 
chisel  or  knife,  wiiieh  cuts  (»iit  a  double 
comb  from  the  flat  }»ieee,  the  teeth  of 
whioli  conil)s  arc  oppo.^itc  to  each  otlier. 
By  this  means,  no  j>art  ot'  ihc  suK^tainv 
is  lost,  OS  in  sawing  out  combs.      The 


same  carriage  may  be  used,  also,  to  boar 
a  piece  of  ivory  in  the  hard  st^ite  toward 
a  circular  saw,  on  the  principles  above 
explained,  with  such  precision,  that  from 
80  to  100  teeth  can  be  formed  in  the 
space  of  one  inch  by  a  proper  disposition 
of  the  tool. 

Bullocks^  horns,  after  the  tips  are 
sawed  off,  are  roasted  in  the  flame  of  a 
wood  fire,  till  they  are  sufficiently  soft- 
ened ;  when  they  are  slit  up,  pressed  in 
a  machine  between  two  iron  plates,  and 
then  plunged  into  a  trough  of  cold  water, 
whereby  they  are  hardened.  A  pa."*to  of 
quicklime,  litharge,  and  water,  is  used  to 
stain  the  horn  to  resemble  tortoise-shell. 

COMBINATION.  A  chemTJ  term 
which  denotes  the  intimate  union  of  dis- 
similar particles  of  matter  into  a  homo- 
geneous-looking compound,  possessed  of 
properties  generally  ailferent  from  those 
of  tiie  separate  constituents. 

COMBUSTIBLE.  Any  substance 
which,  exposed  in  the  air  to  a  certain 
temperature,  consumes  spontaneously 
with  the  emission  of  heat  and  light.  All 
such  combustibles  as  are  cheap  enough 
lor  common  use  go  under  the  name  of 
Fuel ;  which  see.  Every  combustible 
requires  a  vjcculiar  pitch  of  temperature  to 
be  kindlca,  called  its  ac^^eiuiihle  point. 
Thus  phosphorus,  sulphur,  hydrogen, 
carburet  ted  hydrogen,  carbon,  each  takes 
fire  at  successively  higher  heats. 

COMPASS.  A  name  given  to  instru- 
ments contrived  to  indicate  the  magnetic 
meridian,  or  the  position  of  objects  with 
respect  to  tiiat  meridian.  According  to 
the  purposes  to  wjiieh  tiie  instrument  is 
chiefly  aj 'plied,  it  becomes  ihe  jjiariner's 
t''/hifiiJi.s,  tlie  <i2hnuth  oou/'dsji^  the  raria- 
fi'i/i  ror/i/yjMs,  eaeli  particular  appli«'ation 
requiring  some  pecnliaritv  of  coiislrue- 
ti'>n  ;  but  what"ver  moditieation<  jt  may 
receive,  the  e>*sential  parts  are  the  same 
in  all  ca>es.  The<e  are  a  magnetized  bar 
of  steel,  called  the  nx  lU^  having  tilted  to 
it  at  its  centre  a  <ap  which  is  supported 
on  an  upright  pivt>r.  made  sharp  at  the 
j'oint  in  order  to  <liminishthe  friction  as 
much  as  y)o-*sible,  an<l  allow  the  needle 
to  turn  with  the  slightest  force.  The 
ninrin'  r^'x  ro/nj)ns/t  bas  a  circular  card  at- 
ta<'hed  to  its  needle,  which  turns  with  it ; 
aihl  <»n  the  circuuit'erence  of  which  are 
marked  the  degrees,  and  also  the  32 
/Ktinfs  or  rh'inihs,  likewise  divi«led  into 
naif  and  (piarter  }•  oints.  The  pivot  rises 
t>om  the  centre  »'l'tlie  ]>ottom  of  the  cir- 
cular box,  called  tlic  compass  box,  which 
</(Mitains  llic  uecdle  jinu  its  <'ar<l,  and 
which  is  covered  with  a  glass  lop  to  pre- 
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T«nt  the  needle  from  being  disturbed  hy 
the  agitation  of  the  air.  Tlie  compass 
box  is  suspended  within  a  large  box,  by 
means  of  two  oonoentric  brass  circles  or 
gimbals,  the  outer  one  being  iixod  by  ho- 
rizontal pivots,  both  to  the  inner  circle 
which  carries  the  compass  box,  and  also 
the  outer  box,  the  two  sets  of  axes  being  at 
ri^ht  angles  to  each  other.  By  means  of 
this  arrangement  the  inner  circle,  with 
the  compass  box,  needle,  and  card,  al- 
ways retain  a  horizontal  position  notwith- 
standing the  rolling  of  tne  ship. 

The  principal  requisites  of  a  compass 
are  intensity  of  directive  force,  ond  sus- 
ceptibility. The  first  of  these  is  obtained 
bv  constructing  the  needle  of  the  mate- 
rial and  form  best  suited  to  receive  and 
retain  the  magnetic  virtue.  A  number 
of  experiments  on  this  subject  were  made 
bv  Coulomb,  and  more  recentlv  by  Cap- 
txiin  Kater,  an  account  of  which  is  given 
in  the  Phil.  Trans,  for  1821.  Captain 
Kater  found  that  the  kind  of  steel  capable 
of  recei\-ing  the  greatest  magnetic  force 
is  shear  steel ;  and  that  the  best  form  is 
that  of  a  lozenge  or  rhomboid  cut  out  in 
the  middle,  so  as  to  diminish  the  extent 
of  surface  in  proportion  to  the  ma-ss,  it 
being  found  tnat  the  directive  force  of 
the  needle,  when  magnetized  to  satura- 
tion, depends  not 
on  the  extent  of 
surface,  hut  on  the 
moss.  Beyond  a 
certain  limit  (about  five  inches)  no  oddi- 
tional  power  is  gained  by  increasing  the 
lentrth  of  the  needle ;  and  needles  ex- 
ceeding a  very  modcnite  length  are  apt 
to  have  several  consecutive  poles,  the  ef- 
fect of  which  is  to  produce  a  ^reat  dimi- 
nution of  directive  force.  On  this  ac- 
count short  needles,  made  very  hard,  are 
to  be  preferred. 

The  azimuth  compawt^  being  intended 
to  show  the  bearing  of  objects  in  rcHpect 
of  the  magnetic  meridian,  has  its  circle 
divided  merely  into  degrees,  instead  of 
the  rhombs  used  in  navigation,  and  is 
provided  with  sights  to  allow  the  angles 
to  be  taken  more  accuratelj^. 

The  variation  eompasi,  is  designed  to 
exhibit  the  diumul  changes  in  the  devia- 
tion of  the  magnetic  from  the  true  me- 
ridian I  and  the  needle  is  gcneruily  mode 
of  mucn  greater  length  than  the  mariner's 
eomposs,  in  order  to  render  minute  va- 
riations more  sensible. 

Mr.  Dent,  of  England,  in  1845,  made 
an  improvement  in  the  compass,  which 
consists  in  placing  the  n*  ^gnetic  needles 
ind  the  card  on  an  axis,  instead  of  the 
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usual  mode  of  suspension,  the  point  be* 
ing  higher  than  tne  centre  of^  gravity, 
and  subject  when  on  shipboard  to  the 
law  of  pendulous  bodies.  Mr.  Dent  has 
also  so  improved  the  azimuth  compass, 
that  by  turning  an  azimuth  180°,  it  effects 
the  correction  for  collimation ;  and  by  in- 
verting the  card,  it  being  engraved  on  Doth 
sides,  affords  the  means  of  determining 
the  error  of  the  zero  on  the  ard,  not  co- 
inciding with  the  magnetic  meridian. 

CONCRETE.  In  architecture  and  en- 
gineering a  mass  composed  of  stone 
chippings  or  ballast  cemented  together 
through  the  medium  of  lime  and  sand, 
usually  employed  in  making  foundations 
where  the  soil  is  of  itself  too  light  or  bog- 
gy, or  otherwise  insufficient  for  the  re- 
ception of  the  walls.  The  essential  qual- 
ity of  concrete  seems  to  be  that  the  mor- 
terials  should  be  of  small  dimensions,  so 
that  the  cementing  medium  may  act  in 
every  direction  round  them,  and  that  the 
latter  should  on  no  account  be  more  in 
quantity  than  is  necessary  for  that  pur- 
pose. Architects  and  engineers  liave 
much  varied  the  proportions  of  lime  and 
sand  used.  If  the  lime,  which  should  be 
fresh  and  ground  to  powder,  be  good 
stone  lime,  it  will  bear  three  or  four 
times  its  measure  by  bulk  of  sand.  These, 
and  the  ballast  or  gallots,  as  the  stone 
chippings  arc  called,  should  be  thorough- 
ly turned  over  and  mixed  together.  If 
the  foundations  be  wet,  the  mixture  will 
want  ver\'  little,  if  any  water;  indeed, 
sometimes  the  ballast  only  is  wetted,  ana 
then  covered  over  with  the  lime  and 
sand.  It  is  then  filled  into  the  barrows, 
and  run  on  to  be  dropped  from  a  stage 
into  the  foundations.  This  latter  of>era- 
tion  should  be  performed  at  as  great  a 
height  as  possible  above  the  level  of  the 
trench,  in  order  that  the  whole  of  the 
different  particles  of  the  composition 
may  be  compressed  together  so  as  to  oc- 
cupy the  least  possible  space.  The  stones 
employed  should  not  exceed  the  size  of 
a  common  hen's  o^g.  The  mass  verv 
quickly  sets  and  becomes  extremely  hard. 

COOLER.  An  apparatus  used  by 
brewers  and  dlt'tillers  for  cooling  worts. 
The  coolers  generally  consist  of  \Gry  shal- 
low vessels  exposinif  tfreat  surfuce,  and 
placed  in  the  high  ana  airy  parts  of  the 
brewery:  the  cooling  is  sonielinies  as- 
sisted by  fans,  wlTu'h  airitutc  the  air 
over  their  surfaecs.  Worts  arc  also  oc- 
casionally cooled  by  causinjr  tlicm  to  tra- 
verse metal  pii»es,  wliieli  ure  surrounded 
bv  a  counter-curn'nt  of  cold  water. 
*  COP-SPIN  NEK.  A  piece  of  machinery 


106 


OTCLOPADIA   or   THE    USEFUL   ARTS. 


[coi 


for  this  purpose  was  exhibited  at  the 
fair  of  the  American  Institute,  N.  Y.,  in 
1849,  which  appears  to  combine  the  qual- 
litics  of  the  throstle  and  mule  in  one 
frame.  The  rovin^^  from  bobbins,  at 
the  top  of  the  frame,  are  drawn  through 
drawing  rollers,  Hke  the  throstle-frame : 
and  from  the  drawing  rollers,  the  threacl 
pusses  at  once  to  a  small  traveller,  mov- 
ing around  a  ring  which  surrounds  the 
cop  spindle,  luid  the  which  ring  has  a 
cx)ping  motion  up  and  down,  to  build  the 
cop  on  the  spindle,  by  a  cam  gearing  be- 
low, connected  by  u  rocking  shatl  to  the 
main  driving  sliatt.  Tiie  whole  of  this 
machinery  occupies  no  more  room  than 
the  whole  throstle  frame  ;  no  carriage, 
like  the  mule  frame,  is  used ;  the  whole 
is  compact  and  simple,  and  it  does  its 
work  well.  It  is  a>8crtcd  that  it  will 
spin  100  per  cent  more  yarn  than  the  tlyer 
spindle,  with  one  half  the  power,  com- 
pared to  the  quantity  produeed  ;  and  tiiat 
",t)JO  spindles  produces  as  much  yarn  as 
4,600  spindles  on  the  old  mueliincts. 
There  can  be  no  question  about  the  su- 
perior and  safe  speed  with  which  this 
machine  can  be  driven.  The  iiivent(»r?4 
and  proprietors  are  Mr.  Jolni  C.  Dodge 
and  Sous,  Dodgcville,  Attlcboruugh, 
.NIass 

COPAIBA  or  COPIVI  BALSAM.  An 
exudation  from  the  i'ojHii/tra  orfirin'ilift, 
a  South  American  tree  ;  it  i.s  a  liquid  re- 
sin, and  yields  by  distillation  a  onusider- 
ablc  quantity  ot  a  puiiLreut  vohitile  oil. 
A  Hmall  teaspoont'ul  taken  twict;  a  day 
in  a  glass  of  water  proves  iliuretic,  and  is 
of  use  in  the  cure  <>t'  glcri  and  the  latter 
stngt'S  of  fjonorrlioii.  A  larircr  dose  is 
aperieul,  and  has  hwn  of  service  in  the 
treatment  i>t'/nt//iorr/i'>i,/.s. 

<'()1*AL.  A  crenerio  ikuik-  apjtliod  to 
cloar  erunis?  This  snlwtaMce  i-^  often 
improperly  called  tfi/nt  i-i>//.//.  It  is  a  pi'- 
euhar  resiii,  very  (litli.-iiltly  soluble  in 
alcohol  ;  hard,  brittle,  and  inr)d,.rf>u<  :  its 
specific  gravity  viiries  from  l-o-ito  \-\'.). 
It  is  the  i»roduec  of  the  Ji'/i'i^  cp-iUnmn 
and  of  the  L7<HHvrpi/s  ririhi/'/'trn"  of  tlie 
East  Indies:  a  thinl  kind  ol'copal  is  al-o 
brr»ug!it  from  the  eoast  ofCluinea.  It  is 
used  in  varnislus.  It  di>.>olve.s  in 
caoutohieine  dihited  with  alroli,,!. 

(.'OPPKK.  This  metal  was  known  nt  a 
very  remote  ]«erir.d:  aiid  in  the  early 
aiTt'S  of  the  world,  iK.'f  .re  iron  was  in  u>e, 
cop))er  was  the  chief  iuL^redient  in  do- 
me-tie utensils  mid  instrument- of  war.  It 
is  an  abun<lant  metal,  and  i>  loimd  native, 
and  in  many  ores  ;  ot'the^e  tin-  nio-r  im- 
portant an*  the  varieties  of /'///'/7/.N-,  wliidi 
are  sulphurets  of  eopperaud  iron.   Tlierc 


are  19  principal  ores  of  copper,  and  seve- 
ral Bubvarieties.  There  are  no  rules  by 
which  copi>er  ores  may  be  known  exter- 
nally, but  after  fusion  with  nitre,  water 
of  ammona  receives  a  deep  blue  tint 
from  any  cupreous  ore.  The  ores  are  na- 
tive copper,  sulphurets,  oxides,  silicates, 
carbonates,  sulphates,  phosphates,  clo- 
rides,  and  arseniutes.  isative  copper  is 
found  abundantly  on  the  shores  ot  Lake 
Superior,  both  in  Canada  und  this  conn- 
try,  where  it  is  found  imbedded  in  trap, 
intruded  through  secondary  rocks;  per- 
haps this  is  the  largest  district  of  native 
copper  in  the  world.  The  mass  disco- 
vered by  Schoolcraft  on  the  west  bank  of 
the  river  Onontagon  weighs  12,200  lbs.  It 
is  now  at  Washington.  I.4irge  masses  of 
pure  copper  are  quarried  at  the  several 
mines  in  that  retrion  fMincsota)  to  which 
attention  was  first  called  by  Dr.  Ilutton. 

S(mie  of  these  veins  contain  10  per 
cent  of  silver,  wiiich  brings  its  value  up 
to  between  four  and  five  thousand  dollars 
per  ton.  The  Ejiglc  Harbor  Mining 
C(»mpany  drit'ted  along  a  piece  of  na- 
tive copper  ninety  feet  without  finding 
its  length  and  four  feet  downwards, 
without  reaching  its  depth;  its  average 
thiekness  was  18  inches.  The  veins  vary 
in  thickness  from  6  inches  to  2  feet 
branching  east  and  west,  in  small  strings 
2  inelies  thick,  and  li!  to  24  inches  lonV- 
The  trap  in  tlic  interstices  arc  charged 
with  native  coi»i»er  to  about  50  per  cent. 
Tiiere  are  six  very  prf»titable  veins  in  this 
shore.  Dr.  Jaeksou  has  shewn  that  these 
mines  were  worked  by  the  native  Indians 
many  years  V)aek.  Congress,  in  1817,  di- 
rected a  survey  of  tiiesc  mines  to  be 
nuuic  ;  the  report  hats  not  yet  been  sent 
in.  In  the  workin*.'  of  the  Clitf  and  Mine- 
sota  mine  the  ditheulty  has  been  to  get 
away  pie'-e'^  small  enou<;li.  Seven  pieces 
taken  iVom  the  Clirf  mine  in  Is.'h)  weighed 
•_'!'. '^' "J  Ihs,,  and  4  from  Minesota  weiirhed 
14, 'Ul  lbs.  The  latter  company  smelt 
their  copjM^r  in  New  York.  The  copper 
IS  ciii-elied  away  with  heavy  hammers. 

The  pyritio  ores  are  the  vitrious  copper 
ore.  which  consists  of  si  copper  and  10 
Miil>hur,  I'uiind  in  the  U.  S.  m  old  red 
>and.-tone.  The  purple  coi)i)er  ore  iimi- 
tains  iron  with  sulphur  :  it  is  not  found 
in  quantity.  The  grey  co]>per  ore  eon- 
si>ts  i)f  ci)|.per  .'.2,  iron  'S-\,  and  14  sul- 
plmr.  It  oceurs  plentifully  in  Russia, 
'  'liili.  and  Mexico. 

Yellow  <.'op])rr  ore  is  the  most  abun- 
tlaiit  ore,  found  pleiitit'ully  in  this  north- 
ern an. I  .-oiitiiern  continent.  It  contains 
co[,|„r  ;!o,  iron  G2,  sulphur  36;  lead  and 
ai>enic  '■). 
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^e  red  oxide,  or  tile  ore,  is  the  richest 
▼ariety,  containing  88*5  per  cent  of  cop- 
per. It  oocnrs  inTeni  and  Chili.  Azare 
copper  and  malachite  are  carbonates  ; 
they  are  found  in  Pennsylvania  and  Lake 
Superior.  The  finest  specimens  of  malar 
chite  are  from  the  Siberian  Ural  Chain  in 
Russia,  where  it  occurs  so  massive  that 
lars^e  doors  80  feet  bv  18  have  been  cut 
out  of  the  mineral,  and  are  now  exhibited 
in  the  Crystal  Palace,  London. 

The  ores  are  repeatedlv  roasted  and 
fused  to  drive  off  the  sulphur,  and  the 
oxide  of  copper  is  ultimately  reduced  by 
the  joint  sffeuc^  of  heat  and  carbon.  Cop- 
per IS  distinfi^iished  by  its  color.  Its  spe- 
eific  (gravity  is  8*6.  It  is  ductile  and  mal- 
leable, and  requires  a  temperature  equal 
to  about  2000°  of  Fahrenheit's  scale  for 
its  fusion;  that  is,  nearly  a  white  heat.  Ex- 
posed to  air  and  moisture,  copper  gradual- 
ly becomes  covered  by  a  jarreen  rust ;  heated 
red-hot,  it  absorbs  oxy are n,  and  is  super- 
ficially converted  into  a  black  oxide,  which 
is  the  basis  of  the  principal  salts  of  cop- 
per ;  it  consists  of  82  copper  and  8  oxy- 
gren.  It  forms  blue  or  ^reen  salts  with 
the  acids ;  of  these  the  sulphate  of  copper^ 
or  blue  vitriol,  is  a  good  example.  The 
salts  of  copper  are  poisonous ;  and  in 
consequence  of  the  use  of  copper  vessels 
for  culinary  purposes,  food  is  sometimes 
contaminatca  by  them.  It  is  detected 
when  in  very  minute  quantities  by  tlio 
bright  blue  color  produced  bv  the  addi- 
tion of  liquid  ammonia,  and  by  a  brown 
precipitate  with  ferrocyanate  of  potash. 
A  clean  plate  of  iron  dipped  into  a  solu- 
tion contwning  copper  becomes  covered 
with  the  latter  metal  in  a  mctoUic  state. 

Two  improvements  in  the  smelting  of 
copper  ores  have  been  suggested.  One 
is  to  roast  the  sulphuretted  copper  ores 
with  salt.  The  sulphur  is  converted  into 
sulphuric  acid,  which  seizes  on  the  soda 
of  the  salt.  Its  chlorine  passes  to  the 
copper,  forming  a  chloriac,  which  can 
be  aissolved  out  by  water.  The  copper 
Sa  separated  from  tnis  solution  by  pieces 
of  iron  dropped  into  it. 

The  other  mode  is  by  roasting  to  con- 
vert the  ore  into  a  sulphate  of  copper, 
and  dissolve  this  in  water.  The  copper 
is  thrown  down  by  iron  as  in  the  nrst 
inHtance.    {See  Metallcroy.) 

Brtmzf  and  BfU  Metal  are  alloju  of  cop- 
per and  tin.  They  are  melted  in  cruoi- 
d1c«,  and  cast  in  charcoal  moulds.  Anulloy 
of  100  copper  and  4  of  tin  makes  a  good 
metal  for  medals. 

Copper  100,  and  tin  14,  affords  a  metal 
for  cage  tools  equal  in  hardness  to  steel. 
Cjfmhal  and  Goiuj  M«tal  consiits  of  copper 


100,  and  tin  35.    After  being  heated  it 
should  be  suddenly  cooled. 

For  White  Copper,  tee  Gebmam  Silver. 

Copper  may  oe  tinn^  by  placing  a 
sheet  of  tin  on  a  well  polished  surface  of 
copper,  and  subjecting  them  to  a  strong 
heat,  a  little  resin  or  muriate  of  ammoni- 
um being  sprinkled  between  the  plates 
to  prevent  oxidation. 

COPPERAS.  Green  vitriol,  or  sul- 
phate of  iron. 

COPPERPLATE.  In  engraving,  a 
plate  of  copper  highly  polished  on  which 
an  engraving  is  made. 

CORAL.  A  calcareous  substance,  the 
covering  of  the  coral  insect.  It '»  fished 
up  in  the  Mediterranean,  Red,  and  Indian 
seas ;  mostly  of  a  red  tint,  but  also  flesh 
colored,  or  white.  It  is  used  for  making 
necklaces,  crosses,  &c.,  and  is  worked 
like  precious  stones.  It  is  composed  of 
carbonate  of  lime^  with  a  trace  of  phos- 
phate. The  debns  of  the  coral  animal 
washed  on  shore,  or  dredged  up,  forms  a 
valuable  manure. 

CORK.  The  bark  of  the  Quercus  liber, 
a  species  of  oak  which  grows  along  the 
shores  of  Mediterranean  Europe.  It  is 
removed  fVom  the  tree  by  makmg  circu- 
lar incisions,  and  connecting  these  by 
longitudinal  ones;  the  bark  is  then 
peeled  off,  wetted  to  flatten  it  between 
t)oards ;  it  is  then  fire  dried,  which  black- 
ens the  surface.  When  burned,  it  forms 
a  light  black  substance,  known  as  Span- 
ish black.  Corks  are  cut  with  the  pores 
laterally ;  bungs  have  them  downwards, 
hence  they  do  not  keep  in  the  liquid  as 
well.  Cork  is  also  used  for  inner  soles, 
floats  in  water,  models,  and  false  limbs. 
Powdered  cork,  treated  with  alcohol, 
leaves  70  per  cent  of  suberine ;  treated 
with  nitric  acid,  it  is  changed  into  resin, 
oxalic  acid  and  suberic  acid. 

CORROSIVE  SUBLIMATE.  The  bi- 
cloride  of  mercury,  composed  of  200  mer- 
cury-|-72  chlorine.  It  is  an  acrid  poison 
of  great  virulence  :  the  stomach-pump 
and  emetics  are  the  surest  preventives 
of  its  deleterious  eft'octs  when  accidental- 
Iv  swallowed  ;  white  of  egg  has  also  been 
found  serviceable  in  allaying  its  poison- 
ous influence  upon  the  stomach.  Itsspe- 
ciflc  gravity  is  5'2,  It  requires  L'<>  parts 
of  cold  water,  but  only  two  of  boiling 
water,  for  its  solution.     (S'/v  MKRfrRV.') 

CORUNDUM.  A  crystallized  or  mas- 
sive mineral  of  extroino  Imrdness,  and 
composed  of  nearly  pure  nhiinina  ;  it  is 
usually  almost  opaque,  and  of  ii  reddish 
color.     It  is  allied  to  the  sa]»pliirc. 

COTTON.  The  soft  vetretablc  down 
in  the  seed  vetBel*  of  the  cotton  plant 
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(jjfosfj^ium  herbaoeum),  cultivated  in  this 
country,  South  America,  the  East  and 
West  Indies,  and  Egypt.  It  is  an  annual 
plant,  which  forms  its  seed  in  pods, 
which  are  triangular,  and  have  each  three 
cells ;  in  these  ue  the  downy  cotton.  The 
fibres  of  cotton  are  very  fine,  delicate, 
and  flexible ;  under  the  microscope  they 
are  fiat,  triangular,  and  somewhat  con- 
torted ;  their  sides  are  serrated,  which 
explains  the  cause  of  their  adhering  to- 
gether, and  enables  them  to  be  spun  into 
thread.  In  the  southern  states,  three 
kinds  are  cultivated :  the  nankeen  cotton, 
the  green  seed,  and  the  black  seed  cotton. 
The  two  first  are  upland  and  short  staple 
variety.  The  last  has  a  long  fine  staple. 
Two  machines  are  used  to  clean  the 
cotton  from  the  seed, — ^the  roller  gin  and 
the  saw  gin.  The  first  consists  of  two 
small  cylinders,  between  which  the  cotton 


is  drawn,  while  the  seed  is  prevented  bj 
its  size  from  passing.  The  saw  gin,  in- 
vented by  £.  Whitney,  is  used  for  the 
black  seed,  which  adhere  too  strongly  to 
be  separated  by  the  rollers.  His  appa- 
ratus is  a  receiver,  fitted  on  one  side 
with  wires  an  eighth  of  an  inch  apart; 
between  these  pass  a  number  of  circular 
saws,  revolving  on  a  common  axis.  The 
cotton  is  caught  bv  the  teeth  of  the 
saws,  and  drawn  through  the  gratinsr, 
whicli  is  too  narrow  to  admit  the  seeds 
to  pass.  The  cotton  thus  separated  is 
swept  oflf  the  saws  by  a  revolving  brush ; 
the  seeds  fall  out  at  the  bottom.  The  cot> 
ton  crop  of  this  country  in  1848  was 
estimated  at  l,066,0<>i),000  lbs.,  voluo 
$74,620,000.  The  following  is  a  tabular 
view  of  the  value  of  raw  and  manufac- 
turedcottonforthelast  five  years,  with  the 
amount  of  export  to  Brituiii  and  France. 


Raw  Cottrn. 

ManufiirtuTcd. 

Exported  to  (iri^at  Brilnin. 

Exported  to  Fmncc. 

Y«Ara. 

Raw  Cotton, 

Mannfac. 
C'"i!i'>n. 

Citttin  Wool. 

Maniifa<-. 
C  11-  n. 

1846 
1847 
1843 
1849 
1850 

$42,767,341 
53,415,848 
61,998,294 
66,396,967 
71,984,616 

$  8,545,481 
4,082,543 
5.718,20.-) 
5,933,129 
4,734,424 

$27,707,717 
35,841,265 
41,925,2:.8 
47,444,899 

48,88  i,453 

$9,607 

6,765 

28 

2,591 

50 

$10,080,465 
10,881,31^ 
11,428,K50 
10,18.-),713 
14,395,449 

$  216 

2,874 

589 

$298,563,066 

$53,013,762 

$201,803,592 

$19,041 

$56,471,798 

$3,229 

The  clean  ootUm  is  now  pnsso.l  to  tlio 
roving  nutchin^,  tlie  main  tVatiire  of  wliioh 
consists  of  ut*y.sti'in  of  vertioal  spin.lh'S.  on 
each  of  wliich  is  phu-cd  a  rod  or  boi)l)in, 
and  also  a  kind  of  fork  called  a  "  tly." 
still  fartlier  removed  than  the  l>ol)l»iii 
from  the  axis  of  the  sjiindle.  Tlio  tlraw- 
ini?  or  di'lieato  slivi-r  of  cotton  is  fir>t 
drawn  throuL'!!  or  between  rollers,  and 
elontjated  to  the  state  of  a  roviiis;;  then 
this  rovinff  passes  down  a  tube  in  one 
prong  of  the  fork  or  fly,  and  ]>ecomes 
twisted  by  the  revolution  of  the  flv  rouTul 
the  bobbin,  wiiile  at  the  same  time  the 
twisted  rovinir  becoii:es  wound  •with 
great  reirularity  upon  the  bnlibin.  The 
machine  in  t'let  pi-rforms  tliree  dilVerent 
and  distinct  oj^-rations  ;  it  fir>t  attenu- 
ates the  "drawinj;"  to  a  state  of  still 
grenter  thinness  and  delicacy  than  it  had 
before;  it  then  t.'ivert  to  the  "mvini?" 
thus  produced  a  sliL'lit  twist,  sut^«'ictit  to 
enable  the  fil»res  to  cohere  ;  and  last  1  v.  it 
wind**  this  twisteil  roviiiLr  uj>on  a  bobbin. 
on  wliioh  it  is  eonv»'nientlv  tran*ferre<l 
to  the  spinning-machine.     There  is  u  va- 


riety of  the  apparatus  emploved  in  this 
process  called  the  "  tube-rovine  fnime,"* 
which  produces  a  much  larifer  quantity 
of  roviiiir  in  a  driven  time  than  the  ''  l>ol>- 
bin-and-tly  frame;"  but  the  rovinsr  pro- 
diu-ed  i*i  inferior,  and  only  fitted  for  cer- 
tain f»ur{)ose9. 

The  next  o]»eration  is  that  of  /^pinnin/j. 
The  twi>t  is  iriven  to  the  thread  by  flyers 
driven  by  bands  which  receive  their  mo- 
tion from  a  horizontal  fly-wheel,  or  from 
a  loniritudinal  cylinder.*  This  has  been 
called  wat,  r-ttcixt  yarn. 

The  mule-ienny  was  invented  by 
rnnnpton,  of  Bolton,  Kiii/land.  ThivS  nia- 
chinc  is  so  named  because  it  is  the  otf- 
sprintr.  so  to  si)eak,  of  twt)  older  machines. 
tlic  jenny  and  the  water-lVamc.  A  mule 
i«*  mounted  with  from  2lo  to  lOOO  spin- 
die-*,  and  spin<,  of  course.  a«<  many  threads. 

Tlie  tbllowiiiir  cut  represents  the  orijji- 
nal  jtunij  of  Ilanrreavcs,  by  which  one 
pcr>on  was  enabled  to  .spin  fn^m  16  to 
40  thriad-*  at  (Mice.  The  soft,  cords  of 
roviniTs  wound  in  double  coTiicnl  co])S 
upon  skewers,   were    placed    in    the   in- 
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ed  alowJj  to  take  ap  the  vara,  wliieh  w 
laid  OD  In  a  canifal  cop  bv  the  dne  d 
prersion  of  the  fuller  wire  at  a  with  tl 
apinner'a  left  hand. 
The  j»rn  " 


IK  done  at  home 


npph, 


le  for  tl 


artit'le  oil  Cotton,  wriilvtibv  Mr.  Dodire  for 
tlic  Mtntijic  Amfriean,  am  iiiKerled  )icre, 
•1  they  preneiit  some  valuable  reanlta. 

and  til  anniuU  inframt  of  wri  in  W.S 
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1Stll1^^aaol«»;K»,llllll]ecre«.  ilei'ri'nH 
IS«l,«7*.IHIft'Bl>S,W)li,l>m,  •BT,"'**SW*KI,l)«) 
IS«1,T88,l)(»S*0.»™>,f«l  I'^WI   W.WHIKW 

i§u  t.nr>i,<*M;Mi.3ni>.i>i«  ncoan  Ti.4iHi.m« 
1S4a3.i7*.iMi7::,.ii«i,a«i  invoniv  liniiHi.imn 

]*«  !.3«T.iwiTl-r««r,roo'    M,»(K1  »il,(inii.rKio 


0  12^000.  eajtim.m 


Total  No.  of  apindlea  in  eleven  rears, 
1,130,000;  total  No.  of  yaida  manufao- 
tnred,  6,986,600,000  ;  total  increase  of 
spindles,  1,518,000  ;  total  increuse  of  No. 
of  yards  mamifactiired,  484,5i»,000. 

Averaee  per  year  —  No.  of  epindleB- 
21,920.900  ;  No.  of  Tarda  manufiictnred, 
6*8,327,872;  increaae of Bpindlee,  187 ,81S; 
inereage  of  No.  of  yarda  moiiufiicturcd, 
44,04S,*54. 

A  Tal-U  »J«Di'W  Hi  avinirr  of  OperaHea 
enpinytd  Ay  0>t  principal  collon  ninnu- 

faeturinf  eetabliiitamit  in  Iht  United 
aiattt,  tot/tthrr  tciih  thi  annual  and  ag- 
ffrt^le  nmaant  ifwogtt  paid  the  lamt 

from  1S38  to  IMM,  iiiflai,rt. 


mi  h'  H  if 


I  litis,  H,0«H7.ftO(J  9.2^J.«MH,8fiS.nOCI  13,«55,»» 

'  isas  i.'i.mwen.iiiiii  »_Jtsii.ijoi>4.<ftii,(ioo  l4i«o.(iift 
iiiniiwMii,i»/iwio,sift,!!mn.s»6.«»iMil,iOB 
I  i»iilia,!inn4<i/)<>"  e.i"ii>,«nD4,sie,i)oois,8».«n 
1  iMt|i«,EniHi,«imiii>iiH.iiuosti4!MHiait/ii«,0M 

I  "^H  j  1 TJMI  ra,IHMV  1 1 .058.4110  4.«M,000  1U*M0I> 

l»u  wvini  M,«naiii/41.wo  CHiMWO  lR.98l,«na 

,  iMfit2.MinT«,«nnii,i!njnnt.8st.<miti,im.wo 
is4fl,ajyKmT9.nonli4.Rai,«onr,iT4nno»i.»B«.ooo 
i8iT,2fl.iKHiav<naiA,7Hi,<inaT.im),ii00M.aML<im 

■'"•  OT.IirW  )lft,llO0il  B,TTa.WI)  S.424,II0(I  »7.IW.00(I 


•  Gala  after  deilaclliif  w: 


Total  ac(frc(rato  of  miile*  emploved  in 
eleven  yearn.  20S.S00;  t^alea.  709,000. 
Total  aeerwrnte  waiteB  paid  to  ftmaica 
for  eleven  yeara,  $ia«,71.'i,20O :  innica, 
|6.'J,14,'5,«Ort.  _  Toral,  «20S,R60.8"O.    *^ 

Avef^o  No.  of  malcB  eir   '        ' 
year,  for  eleven  years,  lR,»f    . 
4S,CIB.     Avcraire  aeitrveale  paid  femmm 
per  year  for  eleven   years,  *12.'110,472; 
males,  «.<).ii2S,827.    Total.  tlil..'^2.800. 
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ia  only  of  tato  yean  that  rannorMtares 
h»vs  eprung  up  in  theBoulh;  at  the  pre- 
Beut  timo  in  GcarKis,  there  aro  40  cotton 
mills  working  60.000  spindles,  and  using 
4S,000  bnles  of  oouon  per  nnnuin.  In 
TonnesBCB  there  are  80  fiictories,  run- 
ning 3O,0')0  spindles  and  700  locinm,  and 
-sing  tS.oOObsles.  In  Alabanm  there  ore 
,  '-■-■yics,  working  15,530  spinilles  and 
IS,  tmd  eoiisnming  5,000  baiea  of 

"cotton   MANUFACTOKE.     After 

the  cotton  has  buon  tinned  (nee  prevtoiu 
article),  and  picked  and  batted,  that  Ih, 
beat  up  and  separated  In  a  li^ht  uniform 

ing,  which  ecrws  to  equalize  the  siili- 

iu  a  panUlel  dirot-tiou.  The  carding  En- 
gine con*i:>ts  of  a  rcvolriii):  iwlindor 
Oovored  with  card**,  whieh  ia  nearly  flur- 
ronnded  by  a  fixed  ooncava  fniming  aim 
lined  with  cards,  with  which  the  cylinder 
conios  in  conloLt.  From  tliu  cylinder 
called  the  hrealior,  tlio  cattnii  hi  taken  iitl 
by  the  motion  .f  a  traiiMcnw  comb 
called  the  J. jSm/ J  J  i/^  nndiwclhrouitL 
a  Kcoad  carding  in  the  miisbing  ijlin 


m. 

tar:: 

or  ribhon,  oalleda  »ii 

by  being  elonjiatod. 

This  prowsj  ]H  one 

.  whi..h  Ark 

paid   pi 

pliieo  tliL  .h^ 

In  the  tir^t 

I.  Axxs.  [cot 

being  canght  between  the  roUen ;  and 
after  leaving  the  rollers,  the  o  oiled 
"drawing"  passes  through  a  kind  of 
trumpet-nhaped  funnel,  and  is  thence  coo- 
ducled  into  a  tall  can,  ronnd  the  inurior 
of  which  it  coils  itself.  One  consequeiicfl 
of  the  drawing  process,  if  properly  eon- 
ducted,  is,  that  the  drawinK  is  perfectiy 
equal  m  thickness  in  every  port,  and 
fanned  of  parallel  flhrcs;  and  in  order 


uru  this, 


«rmg  IS 


'•  doubled  "  with  others  before  ei 
cessivo  drawing. 

The  preliminary  spinning  prt 
called  roving.  At  Brat  the  toi 
Blight  in  proportion  lo  the  ci 
sinco  the  solidity  of  tho  atill  coan 
needs  that  cohesive  fud  only  in 
degree^  and  looseness  of  tenure  must  be 
maintained  to  Gtcilitato  to  the  utmost  the 
nirthcr  elongation. 

Fig,  S3,  U  a  aectioD  of  the  can  roving 
ftnmc,  the  ingenious  invention  of  Ark 
wrigbt,  which,  till  within  thoo  1*  lean, 
was  the  principal  machine  1  r  eommiini 
eating  the  inciiiicnt  torsion  ti  the  spongi 
cnrl  furnished  bj  the  drawn  g  hcnds 
It  differs  Irora  flint  (Hmc  in  nothing  but 


colli.itid  into  oiii  zrriip  and  iir,    inun  ' 
bttnien  till  mll<  r^  U  ili<  r  t  iii  n    t  tin 
latter      N<m  it  th.  .<.  r  II  r^  ,11  r  >   I      I 
cqiiiiUy  tif<t  lliLi  It  T  1 


.»  llu  ur  1  cr  wt  ui-in  tin  loner  The 
w  I  iiik  i*>uri  I  IK  1  fill- wn  here  i  net  nj  i  n 
<,f  TU-»rL,  V  'tulol  ibc  ]Kst  ri.r 
•r  F     >ii  I  p  ur  ot  roUers  U  J  1,  or  5  umei 
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greater  than  that  of  the  front  or  reoeiviDg 
pair,  according  to  the  desired  degree  of 
attenaation.  Two  drawn  sliverH  were 
generally  united  into  one  by  this  machine, 
a«  18  shown  in  the  flgnre,  where  they  are 
seen  coining  from  the  two  cans  e  <»,  to  be 
broaght  together  bv  the  pressnre  rollers, 
before  they  reach  tne  drawing  rollers  a  h. 
The  sliver,  as  it  escapes  from  these  rollers, 
is  conducted  into  the  revolving  conical 
lantern  g^  through  the  funnel /at  its  top. 
This  lantern-can  receives  its  motion  by 
means  of  a  cord  passing  over  a  pulley  it, 
placed  a  little  way  above  the  step  on  which 
It  tarns.  The  motion  is  steadied  by  the 
collet  of  the  funnel  /",  being  embraced  by 
a  braKS  busk.  Sucli  a  machine  generally 
contained  four  drawing  heads,  eacli  moun- 
ted with  two  lanterns  ;  in  whose  side  there 
was  a  door  for  taking  out  the  conical  coil 
of  roving. 

The  bobbin  and  fly  frame  is  now  the 
great  roving  machine  for  fine  spinning. 
This  is  so  complicated  a  machine  that  it 
is  not  possible  to  give  here  a  detailed  de- 
scription of  it.  It  nas  jj^one  throuarh  seve- 
ral improvements  and  is  continually  alter- 
ing in  detail. 

COUKT  PLASTER.  To  make  this, 
black  silk  is  strained  and  brushed  over 
ten  or  twelve  times  with  the  following 
preparation:  —  Dissolve  \  an  ounce  of 
bali^am  of  benzoin  in  6  ounces  of  rectified 
spirits  of  wine;  and  in  a  separate  vessel 
dissolve  1  ounce  of  isinglass  in  as  little 
water  as  may  be.  Strain  each  solution, 
mix  them,  and  let  the  mixture  rest,  so 
that  any  undissolved  parts  may  subside ; 
when  the  clear  liquid  is  cold  it  will  form 
a  jelly,  which  must  be  warmed  before  it 
is  applied  to  the  silk.  When  the  silk 
coatea  with  it  is  quite  dry,  it  must  be 
finished  off  with  a  cent  of  a  solution  of  4 
ounces  of  Chian  turpentine  in  6  ounces 
of  tincture  of  benzoin,  to  prevent  its 
cracking. 

CRANE.  In  Mechanics,  a  machine  for 
raising  heavy  weights,  and  depositing 
them  at  some  distance  from  their  origi- 
nal place  ;  for  example,  raising  bales  from 
the  nold  of  a  ship^  and  depositing  them 
on  the  quay.  A  jib  or  transverse  beam, 
inclined  to  the  vertical  in  xsxi  angle  of  40° 
or  50°.  is  constructed,  which,  by  means 
of  a  collar,  turns  on  a  vertical  arbor.  The 
upper  end  of  the  jib  carries  a  fixed  pulley, 
and  the  lower  end  a  cylinder,  which  is 
put  in  motion  by  a  wheel  and  pinion,  or 
COST  wheel,  or  merely  with  a  handle.  The 
weicrht  is  made  fast  to  a  rope  which  piu!- 
ses  over  the  pulley  and  is  wound  round 
tlie  cylinder.    On  turning  the  cylinder, 


the  weight  is  raised  as  fiu*  as  necessary ; 
the  jib  18  then  turned  on  its  arbor  till  the 
weight  is  brought  immediately  over  the 
spot  where  it  is  to  be  deposited ;  when, 
bv  withdrawing  the  moving  power,  it  is 
allowed  to  descend  by  its  own  gravity. 
Cranes  may  be  constructed  of  immense 
power.  They  are  generally  turned  by 
numan  force ;  sometimes,  however,  by  a 
steam  engine. 

CRANK.  A  mechanical  contrivance 
for  changing  a  revolving  into  an  alternate 
motion.  An  iron  axis  is  bcnt  in  some 
part  of  its  length  out  of  its  rectilinear  di- 
rection. As  the  axis  turns,  the  bent  part 
describes  the  circumference  of  a  circle, 
and  gives  a  reciprocating  motion  to  a  pis- 
ton rod  attached  to  it. 

Crank.  In  Nautical  language,  a  ship 
is  said  to  be  cranky  when  by  the  form  of 
its  construction,  or  by  want  of  a  sufficient 
quantity  of  ballast  or  cargo,  or  by  being 
loaded  too  much  above,  it  is  incapable  o^ 
carrying  sail  without  being  exposed  to 
the  danger  of  oversetting. 

CRAPE.  A  species  of  gauze  made  of 
raw  silk  woven  without  crossing.  It  is 
stiffened  with  gum-water. 

CRAYONS.  Colored  cylinders  used 
for  drawing  upon  paper ;  they  are  usually 
made  of  a  fine  pipe-clay,  colored  with 
metallic  pigments  or  carmine.  Crayons 
containing  plumbago  are  styled  iolidUad 
pcncih. 

General  Lomct  proposes  the  following 
composition  for  red  crayons :  He  takes 
the  softest  hematite,  grinds  ituponapor- 
phyrv  slab,  and  then  carefully  elutriates 
It.  fic  makes  it  into  a  plastic  paste  with 
ffum  arabic  and  a  little  white  soap,  which 
he  tonus  by  moulding,  as  above,  tnrough 
a  syringe,  and  drying,  into  crayons.   The 

Erof»ortic>ns  of  the  ingredients' require  to 
e  earct'iilly  studied. 

CjtAYONs,  LrriioGRAPHic.  Various  form- 
uloe  have  been  given  for  the  formation  of 
these  crayons.  One  of  these  prescribes, 
white  wax  4  ports;  hard  tallow  soap, 
slu'liac,  (»f  eacn  2  parts ;  lamp  black  1 
part.  Another  is,  aried  tallow  soap  and 
white  wax,  each  6  parts;  lamp  black  1 
part.  This  mixture  being  fused  with  a 
srentle  heat,  is  to  be  cast  into  moulds  for 
forniinir  crayons  of  a  proper  size. 

CREAM.*  A  semifluid  yellowisli  sub- 
stance which  collects  on  the  surface  of 
milk,  and  which  is  made  into  butter  bv 
the  process  of  churning.  AVlicn  the  milk 
of  any  animal  Ls  allowed  to  stand  tor  some 
time,* it  spontaneously  un<ler!?ocs  certain 
chanjjes;  this  substance  ri>es  to  the  sur- 
face and  forms  a  thin  stratum,  which  is 
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oaUed  cream,  and  which  consiBts  chiefly 
of  oily  particles ;  while  the  milk  below, 
which  of  oonn^e  is  thinner  than  it  was 
before  the  cream  separated  from  iL  is  of 
a  pale,  bluoish  color,  and  consists  or  curd, 
coagulnm,  or  the  matter  of  which  cheese 
is  made.  When  cream  is  kept  for  some 
days  it  gradually  becomes  thicker,  and 
partially  coagulated ;  and  if  put  into  a 
nnen  bog,  and  suspended  from  the  ceil- 
ing of  a  cool  room,  it  will  acquire  the 
TOnaistcnce  of  cheese ;  and  tins  is  one 
among  other  modes  of  making  cream 
cheeses.  When  cream  is  shaken  by 
churning,  it  is  resolved  into  its  compo- 
nent parts,  and  hence  we  have  butter  and 
buttermilk.  In  order  to  make  butter  it 
is  not  always  necessary  that  the  cream 
should  be  separated  from  the  milk  ;  but 
whether  separated  or  not,  tlie  process  is 
facilitated  by  allowing  the  liquid  to  stand 
for  some  time,  during  which  apart  of  the 
sugar  contained  in  the  serum  is  changed 
into  on  acid,  which  shortens  the  process 
of  churning  by  facilitating  the  separation 
of  the  butter  from  the  milk.  When 
either  cream  or  milk  is  churned  without 
having  previously  become  sour,  the  pro- 
cess is  much  more  tedious;  and  some- 
times, from  causes  not  easily  accounted 
for  by  the  dairy-maid,  it  is  unsuccessful, 
and  the  milk  is  said  to  be  bewitched.  The 
true  cause,  however,  is  the  want  of  acid- 
itv ;  because  it  has  been  found  that  the 
acidition  of  a  small  portion  of  vinegar  will 
dissolve  the  charm,  and  cause  the  almost 
immediate  appearance  of  butter.  Cremn, 
when  separated  from  milk,  and  ke|it  till 
it  has  become  acid,  is  frequently  mixed 
with  milk  newly  drawn  from  the  cow ; 
and  this  eaten  with  sugar  is  one  of  the 
most  delicious  preparations  of  the  dairy. 
Common  clotted  cream  is  simply  milk  and 
cream  in  a  coagulated  state,  and  sour. 
When  the  clotted  cream  is  broken  and  stir- 
red, and  tlie  whey  drawn  olf,  tlio  mass  may 
be  turned  into  cheese  by  artiticial  pressure, 
by  which  the  whey  is*  separated  instan- 
taneously j  or  by  suspendnig  it  in  a  po- 
rous bag,  m  a  cool  uiry  situation,  wlien  it 
will  be  separated  bv  c^ejjrees. 

CREOSOTE  or  K!REAS0TE.  A  color- 
less, transparent,  oily  liquid,  separable 
from  wood-tar  and  pyroljifneons  acid,  by 
repeated  distillation  and  rectification  ;  it 
appears  to  be  the  principle  to  which  the 
antiseptic  power  ot  wooj-tar,  smoke,  and 
crude  pyroligneous  acid  is  owinir. 

Creosote  dissolves  several  salts,  particu- 
larly the  acetates,  and  the  chlorides  of 
calcium  and  tin  ;  it  reduces  nitrate  and 
ncetiite  of  silver.     It  also  dissolves  indigo 


blue;  a  remarkable  circumatance.  Its 
action  upon  animal  matters  is  very  inter^ 
eating.  It  coagnlatea  albumen,  and  pre- 
vents the  putrefaction  of  butchers*  meat 
and  fish.  For  this  purpose  these  sub- 
stances must  be  8t«eped  a  quarter  of  an 
hour  in  a  weak  watery  solution  of  creo- 
sote, then  dniined  and  hung  up  in  the 
air  to  dry.  Hence  Kiechenbach  has  in- 
ferred that  it  is  owing  to  the  presence  of 
creosote  that  meat  is  cured  by  smokina: ; 
but  he  is  not  correct  in  ascribing  the 
effect  to  the  mere  coagulation  of  the  albu- 
men, since /if^riwtf  aloue,  without  creosote, 
will  putrety  in  the  course  of  24  hours, 
during  the  heat  oi    summer.     It  kills 

Slants  and  small  animals.     It  preserves 
our  paste  unchanged  for  a  long  time. 

Creosote  exists  m  the  tar  of  beech- 
wood,  to  the  amount  of  from  20  to  25  per 
cent.,  and  in  crude  pyroligneous  acid,  to 
that  of  1*. 

It  ought  to  be  kept  in  well-stoppered 
bottles,  because  when  left  open  it  becomes 
progressivelv  vellow,  brown,  and  thick. 

CROTON*  AQUEDUCT.  This  beauti- 
ful structure  has  been  built  after  the  plan 
of  the  Roman  buildings — that  is,  in  cuan- 
ncls  of  masonrj',  rather  than  in  metal 
pipes.  The  following  account  is  abridged 
from  Tower's  work  on  the  Croton  Aque- 
duct : 

Dr.  Brown,  in  1798,  first  called  attention 
to  the  necessity  of  a  good  supply  of  wa- 
ter for  the  citV  of  New-YorK.  *  In  the 
next  year  the  Manhattan  Company  sank 
wells  of  great  depth.  In  1884,  an  act 
passed  the  Legislature,  authorizing  five 
Water  Commissioners  to  examine  and 
consider  ail  matters  relative  to  a  supply 
of  water  to  the  city.  These  CommisMt»n- 
ers  decided  in  favor  of  using  the  Croton 
River,  and  bringing  it  in  a  closed  aque- 
duct of  masonry,  at  an  estimate  of 
|5,412,o8r)  72.  The  work  was  commenced 
in  May,  1837,  and  the  22d  June,  1842,  the 
aqueduct  received  the  water  from  the 
toimtain  reservoir  on  the  Croton  ;  on  the 
27th  it  entered  the  receiving  reservoir  in 
the  citv,  and  on  4th  July  it  was  admitted 
into  tbe  distributing  reser\oir.  The 
sources  of  the  Croton  River  are  in  Put- 
nam county,  r)0  miles  from  New-York  ; 
they  arc  about  twenty  lakes  or  ponds,  oc- 
cupying about  3,Si>0  acres.  The  water  is 
so  remarkably  clear  and  pure,  that  the 
native  Indians  called  it  clear  water.  The 
dam  on  the  Croton  River  is  thirty-eight 
feet  above  the  oriirinal  level  of  the  water- 
How,  and  sets  the  water  back  about  six 
miles,  forming,'  the  fuujiUtin  rmernur^ 
which  contains  an  area  of  400  acres.  This 
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laiyce  resenroir  allows  the  water  to  settle 
berore  eutering  the  aqueduct,  and  it  has 
an  available  capacity  of  600,000,000  gal- 
lons ;  this  has  been  looked  on  as  sufficient 
store  for  one-third  of  a  million  of  people 
for  ninety  days,  a  longer  period  than 
any  drought  would  last.  The  minimum 
flow  of  water  in  the  river  where  the  aque- 
duct b^pjoB,  is  27,000,000  gallons  in 
twenty-K>ur  hours.  The  aqu^uot  itself 
is  calculated  to  convey  60,000,000  gallons 
in  that  time.  From  the  fountain  reser- 
voir to  the  receiving  reservoir  is  thirty- 
eight  miles,  the  aqueduct  for  which  is  of 
stone,  except  where  the  Haarlem  River 
is  ero:*8ed  over,  and  in  passing  a  deep 
valley  in  the  island,  where  iron  pipes  are 
used.  These  pipes  descend  and  rise 
again,  so  that  they  are  always  full.  The 
surface  of  the  reservoir  is  166^  feet  above 
the  level  of  the  tide  at  New-York  ;  that 
of  the  receiving  reservoir  is  119  feet,  so 
that  the  fall  of  the  river  during  its  course 
through  the  38  miles  of  aqueduct^  is  47^ 
feet.  From  the  receiving  reservoir  it  is 
carried  in  iron  pipes  (two  miles)  to  the 
distributing  reservoin  where  the  surface 
of  the  water  is  115  leet  above  the  tide 
level. 

At  suitable  places  on  the  line  of  aque- 
duct six  waste  weirs  are  constructed,  to 
discharge  surplus  water  in  such  a  mode, 
that  when  the  water  reaches  a  certain 
level,  it  flows  off  at  the  side. 

For  ventilation,  hollow  cylinders  of 
stone  are  erected  over  the  aqueduct,  and 
rise  14  feet  above  the  surface  of  the 
ground.  These  occur  at  every  mile,  and 
at  every  third  mile  there  is  one  having  a 
door  to  allow  of  entrance  into  the  aoue- 
duct ;  these  have  a  diameter  of  four  reet, 
the  former  only  of  two ;  the  top  is  cov- 
ered by  an  iron  grating.  Besides  these 
there  are  places  marked  at  every  quarter 
of  a  mile  of  the  course,  where  opening 
can  be  made  readily  in  cases  of  emergency. 
Where  streams  intersect  the  line  of  aque- 
duct, culverts  are  built  to  allow  them  to 
peas  under.  At  each  end  of  the  aoueduct 
are  g<Ue  chambers,  with  two  sets  of  gates, 
the  re^uUUing  and  the  auard  gates :  the 
former  of  gun  metal,  the  Tatter  ot  cast  iron. 

The  height  of  the  interior  of  the  aque- 
duct is  8  feet  5^  inches,  and  the  greatest 
width  7  feet  6  inches.  The  velocity  of 
the  water  is  1^  miles  per  hour  when  the 
water  is  two  feet  deep.  The  average 
depth  is  probably  four  feet. 

Tiie  foundations  of  the  channel  were 
formed  with  cement,  the  side  walls  of  ', 
stnoe,  and  tlie  bottom  and  inside  faced 
with  brick ;  the  top  also  covered  with  an 


arch  of  brick.    In  tunnel-cutting,  the  na- 
tural rock  in  some  places  »*ervea  as  roof. 

The  bridge  which  crosses  the  Haarlem 
River  is  the  most  interesting  work  on  the 
line ;  its  width  is  21  feet,  and  it  is  160 
feet  from  the  top  of  the  work  to  the 
foundations  in  the  river.  The  iron  pipe 
conveying  the  water  along  this  is  8  feet 
in  diameter.  In  passing  through  the 
Manhattan  valley  two  pipes  are  used, 
each  3  feet  in  diameter ;  provision,  how- 
ever, has  been  made  for  four  such. 

The  capacity  of  the  receiving  reservoir 
is  160,000,000  gallons  when  full.  It  is 
divided  into  two  unequal  parts,  with  a 
connecting  pipe  to  allow  of  an.equalizing 
of  the  level.  The  distributing  reservoir 
is  two  miles  lower  down  the  island,  and 
three  miles  from  City  Hall ;  the  water  in 
it  is  36  feet  deep,  and  it  is  calculated  to 
hold  20,000,000  gallons.  It  is  40^  miles 
distant  from  the  fountain  reservoir. 

The  whole  of  the  cost  of  the  work,  ex- 
dusive  of  the  pipes  in  the  city  below  the 
distributing  reservoir,  is  about  $9,000,000. 
It  is  a  beautiful  work  of  art, — a  worthy 
rival  of  the  finest  of  the  Roman  aque- 
ducts. The  success  of  this  undertaking 
in  New- York  has  stimulated  other  Atlan- 
tic cities  to  supply  themselves  with 
abundance  of  pure  water  in  a  similar 
manner  and  the  aoneduct  which  sup- 
plies Boston  from  the  Cochituute  i)oud 
IS  hielily  creditable. 

CRUCIBLES  are  small  conical  vessels, 
narrower  at  the  bottom  than  the  mouth, 
for  reducing  ores  in  docimacy  by  the  dry 
analysis,  for  fusing  mixtures  of  earthy 
and  other  substances,  for  melting  metals, 
and  compounding  metallic  alloys.  They 
ought  to  bo  refractory  in  the  strongest 
hcata,  not  readily  acte^  upon  by  the  sub- 
stances ignited  in  them,  not  porous  to  li- 
quids, and  capable  of  bearing  considera- 
ble alternations  of  temperature  without 
cracking  ;  on  which  account  they  should 
not  be  made  too  thick.  The  best  cruci- 
bles are  formed  from  a  pure  fire-clav% 
mixed  with  finely  ground  cement  of  old 
crucibles,  and  a  portion  of  black  lead  or 
graphite.  Some  pounded  coke  may  be 
mixed  with  the  plumbago.  The  clay 
should  be  prepared  in  a  similar  way  as 
for  making  pottery-ware ;  the  vessels  af- 
ter being  formed  must  he  slowly  dried, 
and  then  properly  baked  in  tlie  kiln. 
Crucibles  formed  of  a  mixture  of  8  parts 
in  bulk  of  Stourbridge  clay  and  cement, 
6  of  coke,  and  4  of  graphite,  have  been 
found  to  stand  23  meltings  of  76  ponnda 
of  iron  each,  in  the  Rovul  Berlin  foundry. 
Such  cnicibles  resislecl  the  greatest  possi- 
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ble  heat  that  could  be  produced,  in  which 
even  wrought  iron  was  melted,  equal  to 
150°  or  155°  Wedge  wood,  and  bore  sud- 
den cooling  without  cracking.  Another 
composition  for  brass-founding  crucibles 
is  the  following:  i  Stourbndge  day, 
^  burned  clay  cement,  (  coke  powder,*  i 
pipe  clay.  T^he  pasty  mass  must  be  com- 
pressed' in  moulds.  The  Hessian  cruci- 
bles of  Germany  arc  made  from  a  fire- 
clay which  contains  a  little  iron,  but  no 
lime ;  it  is  incorporated  with  silicious 
aand.  The  dough  is  compressed  in  a 
mould,  dried,  and  strongly  kilned.    They 


stand  saline  and  leaden  fluxes  in  docimaa- 
tic  operations  vctt  well ;  are  rather  po- 
rous on  account  of  the  coarseness  of  the 
sand,  but  are  thereby  less  apt  to  crack 
from  sudden  heating  or  cooung.  They 
melt  under  the  fusing  point  of  bar  iron. 
Beaufay  in  Paris  has  lately  succeeded  in 
making  a  tolerable  imitation  oi  the  Hes- 
sian crucibles  with  a  flre-clay  found  near 
Namur  in  the  Ardennes. 

Berthicr  has  published  the  following 
elaborate  analysis  of  several. kinds  of  cru- 
cibles : 


* 

HeHian. 

B«AnfHy. 

Enirli«h  for 
Cast  St*ol. 

St.  Ktieniie 

for 
Cast  Steel. 

gihh  rot« 

at  Nemours. 

I 

Bohcmuui  >  (ilius  Pota 
Glus  PoU.  1  of  CnutA. 

Silica,  -    -    -    - 
Alumina,  -    -    - 
Oxide  of  Iron,  - 
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Water,      -    -    - 

70-9 
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84-4 
1-0 

63-7 

20-7 

4-0 
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65-2 
25-0 
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67-4 

82-0 

0-8 

trace 

69-0 

29-0 

2-2 

0-5 

68-0 
28-0 

20 
trace 

1-0 

Wurzer  states  the  composition  of  the 
sand  and  clay  in  the  Hessian  crucibles  as 
follows : 

Clai/ — silica  10*1,  alumina  65-4,  oxides 
of  iron  and  manganese  1'2,  lime  0-3, 
water  28. 

/Sand — silica  95*6,  alumina  2'1,  oxides 
of  iron  and  manganese  1".>,  lime  0-8. 

Black  lead  crucibles  arc  ninde  of  two 
parts  of  graphite  and  one  of  firc-olav, 
mixed  with  wntcr  into  a  pasto,  pressed  in 
moulds,  and  well  dried,  Imt  not  baked 
hard  in  the  kiln.  They  bear  a  hifrher  heat 
tlian  the  Hessian  eniciV^les,  as  well  as 
sudden  chantres  of  temperature,  have  a 
hmooth  surtaoe.  and  are,  then- tore.  ]>re- 
ferrod  by  the  inciters  of  tjold  and  silver. 
This  compound  forms  exeelleiil  >\\\i\\\  or 
portable  turnaces. 

CUDBEAR,  OK  TERSIO,  is  a  powder 
of  a  violet  red  color,  ditiirult  to  moisten 
with  water,  and  of  a  peeuliar  luit  not  dis- 
asjreeable  odor.  It  is  jiartially  soluble  in 
boiline  water,  becomes  red  with  aeids, 
and  violet  blue  with  alkalies.  It  is  jtre- 
pared  in  the  same  way  as  arehil,  only  to- 
wards the  end  the  substance  is  ilr'u-d  in 
the  air,  and  is  then  grouihl  to  a  title  y)Ow- 
der,  taking  care  to  avoid  deeompositinn, 
wliieli  renders  it  glutinous.  In  ScotlaiKl 
they  use  the  lieben  tartareus.  mure  rartly 
the  liehen  ealeareus.  and  onipli:ii<.l«'s, 
most  of  wliieh  lieliens  are  imported  lV«»ui 
Sweden  and  Norway,  under  the  Tinun'  of 
roek  moss.  The  li-.-hen  is  sull'cre*!  t<»ti-r- 
ment  for  a  moulli,  and  is  tlien  stirred 
abotit  to  allow  any  stone**  whieli  may  be 
present  to  fall  tothc  bottom.     The' red 


mass  is  next  poured  into  a  flat  vessel,  and 
left  to  evaporate  till  its  urinous  smell  haa 
disappeared,  and  till  it  has  assumed  an 
agreeable  color  verging  upon  violet.  It 
is  then  ground  to  line  powder.  During 
the  fermentation  of  the  lichen,  it  is  wa- 
tered with  stale  urine,  or  with  an  equiva- 
lent ammoniaeal  licjuor  of  any  kind,  as  in 
making-  arehil. 

CUPELLATION  is  a  mode  of  analyz- 
ing gold,  silver,  palladium,  copper,  and 
platinum,  by  adding  to  small  portions  of 
alloys,  containing  these  metals,  a  bit  of 
lead,  fusing  the  mixture  in  a  little  cup  of 
l»one  earth  called  a  cupel^  then  bv  the 
joint  action  of  heat  and  air,  oxidizing 
the  copper,  tin,  «fcc.,  present  in  the  pre- 
cious metals.  The  oxides  thus  produevd 
are  dissolved  and  carried  down  into  the 
porous  cupt'l  in  a  liquid  state,  by  the  vi- 
tritied  oxide  of  lead.  {St'c  Assay,  Gold, 
and  Sn.vi.K.) 

CIRRYING  is  the  art  of  dressing 
ef>w-hi(les,  enlf-skins,  seal-skins,  <fco., 
principally  for  shoes  :  and  this  is  done 
either  u])on  the  Hesh  or  the  grain.  In 
drcssincr  leatlier  for  shoes  upon  the  llesh, 
the  first  operation  is  to  souk  the  leather 
in  water  until  it  is  quite  wetted,  then  the 
liesh  side  is  sliaved  on  a  beam  about 
seven  or  eiirht  inches  broad,  with  a  knife 
of  peeuliar  construction,  to  a  ]>roper  sul>- 
stance,  according  to  the  custom  of  tlie 
et'untry  and  the  uses  to  wliieh  it  is  des- 
tined. This  is  one  of  the  most  curious 
aiiil  laborious  steps  of  the  whole  j>rovess. 
The  knife  used  is  of  a  rectaniruhir  form, 
j  w  ith  two  liandles,  one  at  each  end,  luid  a 
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doable  edge.  It  in  thrown  into  water 
Af^n,  and  ftconred  on  a  board  or  stoDO 
commonly  set  apart  for  that  use.  Scour- 
ing is  done  by  rubbing  the  grain  or  hiur 
side  with  pumice-stone,  or  with  some 
other  stoue  of  agood  grit.  Those  stones 
fon^e  out  of  the  touther  a  white  substance 
called  the  Uoom^  produced  by  the  oak 
bark  in  tannnig.  The  hide  or  skin  is 
then  conveyed  to  the  shade  or  drying- 
place,  whore  the  oily  substances  are  ap- 
plied termed  wtuMng^  or  dubbing  ;  when 
It  is  thoroughly  dry,  an  instrument^  with 
teeth  on  the  under  side,  called  a  graiuing- 
board,  is  first  applied  to  the  fresh  side, 
which  is  called  araini^y — then  to  the 
grain  side,  callod  bruising.  The  whole 
of  this  operation  is  to  soften  the  leather 
to  which  it  is  applied.  Whitening  or 
paring  succeeds,  which  is  performed  with 
a  fine  edge  to  the  knife  already  described, 
and  used  in  taking  off  the  grease  from 
the  fiesh.  It  is  then  boarded  up  or 
erained  attain,  by  applying  the  graining- 
board  first  to  the  grain,  and  then  to  the 
fiesh.  It  is  then  fit  for  waxing,  which  is 
now  performed  by  colarin^^  which  is  done 
by  rubbing  with  a  brash,  dipped  in  a 
composition  of  oil  and  lamp-blacK,  on  the 
flesh,  until  it  be  thoroughly  black.  It  is 
tiicn  sized,  called  biuck-sizirt^^  with  a 
brush  or  sponge,  dried  and  tallowed ; 
and  when  dry,  this  sOrt  of  leather  culled 
u>ax^  or  black  on  the  flesh,  is  curried. 
The  curr>ing  leather  on  the  hair  or  grain 
side,  c:illed  bl(wk  on,  thf  ffrain^  is  the 
same  as  currying  on  the  flesh  until  we 
come  to  the  operation  of  scouring  it. 
Then  the  first  black  is  applied  to  it  wliile 
wet,  which  black  is  a  solution  of  sul- 
phate of  iron  or  copperas,  in  plain  wa- 
ter, or  in  the  water  in  which  the  skins 
as  thev  come  from  the  tanner  luive  been 
soaked.  This  is  first  put  upon  tlie  grain 
after  it  has  been  ruboed  with  a  stone ; 
then  rubbed  over  with  a  brush  dipped 
in  stale  urine :  the  skin  is  then  stufled, 
•nd  when  dry,  it  is  seasoned — that  is, 
rubbed  over  with  a  brush,  dipped  in  cop- 
peras water,  on  the  grain  till  it  is  per- 
fe<Hly  black.  After  this,  the  grain  is 
rui*ed  with  a  fine  graining-board :  when 
it  is  thoroughly  dry  it  is  whitened, 
bmi«ed  airain,  and  grained  in  two  or 
three  different  wnys,  and  when  oiled 
TiT'on  the  grain  with  a  mixture  of  oil  and 
tallow  it  in  finished. 
rCRRY  POWDER.  r.^V  Tcrmeric.)  i 
^'tJTLERY,  in  the  getieral  sense,  com-  ' 
prices  all  ^dr/ed  t/wU ;  but  it  is  now  more 
I^irtioularly  confined  to  the  manufacture 
of  knives  and  forks,  scissors,  pen-knives. 


razors,  and  swords.  Those  articles  which 
do  not  require  a  fine  polish,  are  made 
from  blistered  steel;  wnile  those  which 
require  the  edge  to  possess  great  tenacity 
at  the  same  time  that  hardness  is  not  re- 
auired,  are  made  fVom  sheer  steel.  The 
nner  kinds  of  cutlery  are  made  from 
steel  which  has  been  in  a  state  of  fusion, 
termed  cast  st-eel^  no  other  kind  beinff 
susceptible  of  a  high  polish — {see  Steel.1 
It  can  then  be  m^e  so  as  to  be  weldecl 
to  iron  with  great  ease.  Table-knives 
are  mostly  made  of  sheer  steel.  The 
blade  is  tfrst  rudely  fonned  and  cut  off. 
It  is  next  welded  to  a  rod  of  iron  about 
half  an  inch  square,  so  as  to  leave  as 
little  of  the  iron  part  of  the  blade  ex- 
posed as  possible :  of  the  iron  attached 
to  the  blade  enough  is  then  taken  off 
from  the  rod  to  form  the  bolster  or 
shoulder  and  the  tang.  To  give  the  bol- 
ster size,  shape,  and  neatness,  it  is  intro- 
duced into  a  die  and  a  swage  placed 
upon  it :  the  swage  has  a  few  small  dIows 
given  to  it  by  the  striker.  The  die  and 
swage  are  called  prints.  The  bla<.le  is 
now  heatedj  and  the  proper  anvil  finish 
is  ^ivcu  to  it :  this  is  termed  smithing. 
It  IS  a^ain  heated  red-hot,  and  plunged 
down  into  cold  water.  It  thus  becomes 
hardened  and  reciuires  to  be  tempered 
down  to  a  blue  color,  when  it  is  ready 
for  the  grinder. 

Forks  are  a  different  branch  of  manu- 
facture ;  they  are  made  of  small  rods  of 
steel,  drawn  out  flat  at  one  end  to  about 
the  length  of  the  prongs.  The  shank 
and  tang  are  lieuted,  and  the  fonn  given 
by  a  die  and  swage.  The  prongs  are 
then  fonued  at  one  blow  by  a  stamp, 
which  weitrhs  about  100  lbs.,  and  falls 
from  a  hciiirht  of  7  or  8  feet  upon  the 
heated  end  of  the  rod:  a  fly-press  re- 
moves the  metal  left  between  the  prongs. 
The  forks  arc  then  annealed,  which  sof- 
tens and  prepares  them  for  tiling.  The 
inside  is  then  filed  ;  they  are  then  bent 
into  form  and  hardened,  by  heating  and 
plunjfing  them  into  cold  water.  The 
tempering  is  done  by  exposure  to  tho 
degree  of  heat  at  whicri  grejuse  inflames. 

Almost  all  razors  are  made  of  ca.'^t  sti»el, 
the  quality  of  which  should  be  very  ^'«'od, 
the  razor's  edge  requiring  t'rcat  hardness 
and  tenacity.     The  tempering  is  usually 

Serformed  by  placing  them  on  the  open 
re,  in  a  sand  bath,  or  an  oil  bath,  or  a 
bath  of  fusible  metal  of  s  parts  of  bis- 
muth, 5  parts  of  Icjul,  and  3  of  tin  heated 
up  to  r»0(»^  Falir.  Ka/.ors  arc  irrouiid 
crosswise,  upon  stones  from  4  to  7  inches 
in  diameter;  a  snmll  stone  being  needful 
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to  make  the  sides  concave :  they  are  then 
Btnoothcd  and  polished. 

Pen-knives  nave  tliree  stages  in  their 
mauafucture  :  1st,  the  forging  of  the 
blades,  the  spring,  and  iron  scales ;  the 
2d,  tlie  grinding  and  polishing  of  the 
blades :  and  3d,  the  handling,  or  fitting 
up  of  all  the  parts. 

The  finest  Kind  of  cast  steel  is  used  in 
the  manufacture  of  ladies^  scissors  ;  the 
larger  scissors  have  a  blade  of  iron,  with 
steel  edge. 

The  various  processes  of  grind! n|^  and 
polishing  are  performed  by  machinery, 
moving  in  genernl  by  the  power  of  steam, 
or  a  water-wheel.  The  grinding  ana 
l>oli8hing  of  cutlery  is  the  most  ruinous 
occupation  to  health  and  life  at  which 
any  man  can  be  occupied :  few  who  com- 
mence to  work  at  it  curly  in  life,  reach 
forty  years  of  age. 

The  manufacture  of  han^h'A  is  carried 
on  otten  in  the  same  establishment  with 
the  steel  work.  According  to  the  tech- 
nical phraseology  applied,  all  handles  are 
called  hafts  in  which  a  tang  of  the  knife 
passes  into  a  hole  in  the  iiandlc,  and  is 
there  fixed;  while  the  handles  wliich  arc 
formed  of  two  flat  pieces  riveted  to  a 
central  plate,  as  in  pen-knives,  arc  called 
scaler. 

The  workmen  who  engajje  in  this  em- 
ployment confine  themselves  each  pretty 
nearly  to  one  kind  of  material.  Tii'e 
pearl-handle  makers  i>ro(ure  the  shells 
from  the  shores  of  India  and  Africji; 
these  shells  are  about  six  inches  in  dia- 
meter, and  arc  so  extreinclv  hard  that 
thev  have  to  be  wetted  while  boiiiir  cat 
with  a  saw,  to  prevent  the  saw  from  be- 
ing softened  by  the  heat.  This  is  a 
dirty  occupation,  and  is  aceonipanicd  bv 
a  "  very  ancient  and  fish-like  snicll,'' 
elicited  bv  the  heat  fruin  the  shell  it;^elf. 
The  pejirl,  or  rather  rnothor-oi-pcarl,  is 
cut  up  into  thin  slices,  to  be  afterwards 
used  tor  the  scales  for  pcn-knivcs,  razors, 
Ac.  Awy  handles  are  made  by  sa\vin<r 
up  elepliants'  tusks  into  the  most  useful 
pieces  they  can  make,  by  means  of  :i  cir- 
cular saw.  If  the  ivory  is  for  .scales,  it  is 
cut  into  veneers:  but*  if  f.»r  hafts,  it  is 
cut  into  small  obloni.''  pic«'e>*,  wiiich  are 
afterwards  brouirlit  to  shape  by  hand, 
polished,  and  pierced  for  tlie  reception 
of  the  tang.  lione  handles  are  similarly 
made  by  cutting'  with  a  small  circular 
saw,  anfl  tlu-n  tilinu'"  into  sha{>c  ;  and  the 
same  may  be  said  <A'  fl-'iuif  and  fancv 
wood  liantllcs  irciicrall> .  Sinr-h'tnJhM 
are  cut  out  of  wood,  Avhit-h,  aflcr  luini: 
planed  to  the  proper  thickness,  is  fixed 


in  a  \doe,  cut  with  a  very  fine  saw, 
smoothed  with  files  and  (flass-paper, 
pierced  with  rivet-holes,  and  rivetea  to 
the  saws.  Metal  liandles  arc  of  course 
made  in  a  way  similar  to  other  articles  of 
metal. 

Horn  handles  have  a  peculiarity  in 
their  mode  of  manufacture,  which  places 
them  in  a  distinct  rank.  When  horn  is 
made  hot,  it  becomes  so  soft  and  ductile 
that  it  may  be  pressed  into  moulds ;  and 
this  circumstance  is  taken  advantage  of 
to  give  an  ornamental  device  to  uom 
handles,  except  st-ag^t  horn,  which  is  U^ft 
in  its  natural  state.  The  tips  or  solid 
parts  of  the  ox-horn  and  butfalo-hom 
are  made  into  haf\s,  while  the  other  parts 
are  made  into  scales.  The  mould  for 
pressing  is  in  two  halves,  which  cl'«e 
together  like  a  pair  of  pincers;  and  this 
mould  has  the  device  on  each  of  its 
halves.  The  mould  is  heated  in  a  fire ; 
the  piece  of  horn  is  cut  nearly  to  the  re- 
quisite size,  and  put  into  it ;  and  the 
mould  is  pressed  in  a  powerful  vice, 
whereby  the  horn  receives  the  impress 
of  the  device. 

There  is  also  a  good  deal  of  skill  shown 
in  staining  horn,  bone,  and  ivor\',  or  in 
bleaching  them  ;  as  also  in  studding  and 
ornamenting  them  in  various  ways. 

CYANIDE  OF  POTASSIUM.  This 
salt,  so  much  used  iiow  in  the  electrotvj>e 
processes,  is  prepared,  according  to  Lie- 
oig's  formula,  uy  mixing  8  parts  of 
pounded  prussiale  of  potash,  sharply 
dried,  with  8  parts  of  pure  ciirbi>nate  of 
potasli,  fusing  the  mixture  in  an  iron 
crucible,  by  a  moderate  red  heat,  and 
kee]iinir  it  so,  till  the  trhiss  or  iron  rod 
witii  which  the  fluid  miuss  should  be  oc- 
casionally stirred,  comes  out  covered 
with  a  white  crust.  The  crucible  is  then 
to  ho  removed  from  the  fire;  and  aller 
the  disenLrau'i'd  iron  has  fallen  to  the  bot- 
tom, the  supernatant  fluid,  still  obscure- 
ly red  hot,  is  to  be  poured  off  upon  a 
clean  >urface  (»f  iron  or  platinum.  After 
concretion  and  cooling,  the  wdiite  saline 
mass  is  to  be  poun«led  while  hot,  and 
then  kept  in  a  well-stopped  bottle.  It 
cftnsists  of  about  f)  parts  of  cyanide  of 
potassium,  and  1  of  cyanate  of  potash. 
For  m'»t  ]>ur))ose"*,  and  the  analysis  of 
ores,  the  latter  iiiirredient  is  in  no  ways 
dotriinental. 

<^Y.\N1TK.  A  massive  and  crystid- 
li/cd  mineral.  It  has  a  pcaHy  lu-^tro,  is 
tran'*lu(*iiit,  and  of  various  sha<ios  c\f 
blue  :  it  Is  a  silicate  ot"  alinnina,  with  a 
trac--  of  ..\idc  of  iron.  Only  found  in  pri- 
mitive rocks. 
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CT  ANOQ£N.  An  essential  ingredient 
of  Prussian  Uae.  Cyanogen  is  a  gas  of 
a  strong  and  peculiar  odor,  resembling 
that  of  rabbed  peach  leaves ;  it  is  ol^ 
tained  by  heating  cyanvret  of  mercury. 
Under  a  pressure  of  between  three  and 
four  atmospheres  it  becomes  a  limpid 
liquid.  It  extinguishes  a  taper,  is  high- 
ly poisonous  and  nnrcspirable,  and  bums 
in  contact  of  air  with  a  rich  purple  flame. 
Water  absorbs  between  4  and  5  times  its 
volume  of  the  gas.  It  is  composed  of 
carbon  and  nitrogen  in  the  proportions 
of  12  carbon+14  nitrogen=26  cyanogen ; 
it  is  therefore  a  bicarburet  of  nitrogen. 
Mixed  with  oxygen  it  explodes  by  the 
electric  spark,  and  is  resolved  into  car- 
bonic acid  and  nitrogen  gas.  It  com- 
bines with  hydrogen  to  produce  the  hy- 
drocyanic or  prussic  acid  :  it  forms  with 
the  metals  cyanureU  or  cyanides. 

CY ANOMETEK.  An  instrument  con- 
trived by  Saussure  for  determining  the 
t'leepness  of  the  tint  of  the  atmo.<phcre. 
A  circular  bond  of  thick  paper  or  paste- 
board is  divided  into  51  parts,  each  of 
which  is  painted  with  a  oifferent  shade 
of  blue,  decreasing  gradually  fVom  the 
deepest  blue  formed  by  a  mixture  of 
block,  to  the  lightest  formed  by  a  mix- 
ture of  white.  The  colored  zone  is  held 
in  the  hand  of  the  observer,  who  notices 
the  particular  tint  which  corresponds  to 
the  color  of  the  sky.  The  number  of 
this  tint,  reckoned  from  the  lightest 
shade,  marks  the  intensity  at  the  time 
of  observation. 

DAGUERREOTYPE.  The  art  of  im- 
pres«»ing  distinct  ond  permanent  images 
on  polisncd  metallic  surfaces.  It  received 
its  name  fh)m  M.  Daguerre,  who  disco- 
vered the  mode  in  1839,  and  from  whom 
the  French  government  bought  the  right 
to  the  discovery  by  giving  him  an  annu- 
ity of  10,000  francs.  Compared  with  the 
present  processes  his  views  were  very 
meagre  and  incomplete.  The  vie^^-s  taken 
were  of  landscapes,  and  the  process  in 
his  hands  consisted  in  eonting  the  t^ilver 
plate  with  io<line  to  a  gold  color,  expos- 
mfir  in  the  camera  for  ten  minutes  in  full 
sunlitfht,  then  exposing  the  pinte  to  the 
fumes  of  mercury,  and  woHhing  in  hypo- 
fulphatc  of  soda.  Dr.  Draper  (now  of 
New  York)  made  the  ph\te  more  sensi- 
tive by  exposing  it  to  chlorine  giis  uf^er 
it  had' received  the  iodine  coating.  Views 
CMild  thuH  be  44iken  in  shade,  and  in  n 
shorter  time  ;  tlie  iniprcrtsion  also  was 
more  dif*tin<"t.  ('hloride  of  iodine  was 
soon  after  substituted  for  chlorine  and  io- 
dine separately  ;  and,  still  later,  bromide 


of  iodine  was  tried  with  much  greater 
success. 

At  the  present  time  the  art  is  practised 
with  wonderful  delicacy  of  manipulation, 
and  perfection  in  result,  in  this  country. 
It  is  acknowledged  that  American  da- 
guerreotypes excel  European  in  beauty  of 
nnish,  with  mellowness  and  depth  of 
tint.  Those  taken  in  France  are  much 
better  than  English  ones,  which  is  no 
doubt  due  to  the  clearer  and  less  clondy 
skies  of  France.  Perhaps  it  may  be  the 
same  reason  which  causes  to  be  produced 
better  portraits  in  America  than  in  west- 
em  Europe. 

The  plate  which  receives  the  image  is 
copper  coated  with  silver,  either  by  the 
ordinary  process  of  plating,  or  by  the 
electrotvpe  method :  ttie  latter  is  prefer- 
able. 1*110  first  step  in  the  process  is  the 
cleansing  the  plate.  Too  much  atu  ntion 
cannot  be  devoted  to  this,  as  upon  it  de- 
pends subsequent  success.  It  is  impos- 
sible to  take  a  picture  on  a  dirty  plate. 
The  slightest  trace  of  oxide,  suiphuret, 
or  even  film  of  air  adhering  to  the  plate, 
is  sufficient  to  prevent  the  appearance  of 
an  image.  Various  plans  of  cleaning 
plates  are  practised.  Some  use  rotten 
stone  and  water,  made  ocid  by  nitric 
acid ;  others  use  alcohol  and  ammonia 
water.  These  are  rubbed  on  to  the  plate 
with  small  pieces  of  Canton  flannel.  The 
rotten  stone  should  be  very  fine,  and  the 
acid  very  dilute,  else  the  plate  will  be 
streaked.  It  should  be  cleaned  in  the 
centre  first,  and  then  the  ed^es  wiped 
off.  The  acid  may  be  removed  from  the 
plate,  by  washing  with  alcohol,  or  weak 
solution  of  potass ;  washing  with  a  solu- 
tion of  hydriodate  ofpotoss  increases  the 
sensitiveness.  After  being  cleaned  the 
plates  are  huffed^  or  rubbed  with  a  pad 
covered  with*  cotton,  velvet,  or  bucksKin 
leather.  Great  delicacy  is  employed  in 
the  application  of  the  buff,  which  should 
remove  all  traces  of  the  materials  used 
for  polishing,  and  give  the  final  purity  to 
the  plate.  The  plate  is  now  ready  to  re- 
ceive the  coatina^  or  films  of  iodine  and 
bromine.  Small  boxes  hold  the  injrre- 
dients  in  a  glass  saucer  at  the  bottom, 
and  the  plates  are  placed  on  the  sliding 
frame  above,  and  passed  over  the  surface 
of  the  saucers  until  they  receive  the  duo 
quantity  of  these  ingredients.  This  quan- 
tity vanes  with  the  nature  of  the  litrht  nnd 
desired  appearance  of  the  picture.  The 
depth  of  the  coatintr  is  known  by  the  co- 
lor of  the  plate,  which  is  first  ntt\up  ytlr- 
low^  then  oran^'c,  then  roue  color,  violet, 
steel  blue,   indigo,   and  green.     If  the 
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coating  be  continued  beyond  this,  it 
passes  into  yellow tigain^nd  tliroiij^h  the 
same  ran(?e  of  eolors.  The  iodine  In  the 
box  Hhould  be  quite  dry,  as  the  slightest 
damp  on  the  plate  raars  the  eoatiu)yr. 
The  oroinine  is  used  as  bromide  of  lime, 
made  by  mixing  bromine  with  fresh 
Bliiked  lime,  till  the  whole  is  of  an  orange 
tint.    As  a  rule,  a  jarood  picture  will  be 

Sroduced   by  coating  w^ith  iodine  to  a 
ark  orange  yellow,  then  with  the  bro- 
mide of  lime  coat  to  a  deep  rose  red,  coat 
again  with  iodine  one-teutn  as  long  as  at 
first  coating.     The  pluto  now   coated  is 
very  sensitive,  the  least  exnosuro  to  light 
decomj)oaing  its  surface.     Hence  it  is  iie- 
cessarv  to  shut  the  plate  up  in  the  tablet 
immediately:  this  is  a  close  case  with  a 
a  sliding  lid.     It  is  introduced  into  the 
camera,  and  the  lid  raised  when  we  wish 
it  to  receive  an  image.     The  selection  of 
a  good  camera  is  a  sine  qua  mm  with  tlie 
daguerreotype  artist.     Generally  those  of 
VoigtlandeV  of  Germany  have   the   host 
lenses,  and  are  to  be  preferred.     Dajxuer- 
reotypists,  however,  m  this  country  pre- 
fer the  American  cameras.     For  taking 
views,  the  camera  invente<i  by  Mr.  Har- 
rison is  by  far  the  h«!styet  made  for  such 
purposes.*    It  has  been  found   ailvantii- 
geous  to  blacken  the  inside  of  the  eaiue- 
ra,  which  absorbs  the  rays  falling  on  the 
sides,  and  thus  prevents  their  retleetion 
and   interference    with   the   rays   falling 
upon  the  plate.     A  room  lighted    from 
above  is  more  suitable  than  a  window  or 
sitlc  light,  tlie  hitter  ])ro.lucinir  th<'  sha- 
dows   too  <U'cjily   marked.     A  northern 
aspret  is  preferred,  as  tlie  liirht  is  more 
uniform     thronirli     the     day.     alth<uii,'h 
light  from  the  south  has  a-^'reater  cluMiii- 
cal  inrtuenee.     The  sitttr  should  not  be 
jihu-ud  too  near  the  window,  nor  in  t'nuit 
of  it.     The  time  of  exposure  in  the  eaine- 
ra  varies  with  the  liLflit.  amount  of  riti\\- 
imr,  and  time  of  the   day,    from    lo  se- 
conds   to    li    minutes.     The    operator's 
judLMuent  is  the  i«e^t  L'uide.     Tlie   |>late 
is  now  removed  tVom  the  eamera  in  the 
elosed  tablet,  and   has  to  l)e  exposed   to 
the  vapor  of  mercury,  in  orvler  to  britu: 
out  the  imaire,  tbr  as  yet  no  traee  of  any 
delirieatiou     is    visil>le.       The     merenrv 
bath    is    an    iron    v«--;>el    of  an    inwrted 
ef>nioal  t'orm,  the  mercury  oecu}>viiiLr  the 
lower  part  :  is  heate.l  with  a  spirit  lam|» 
until    It    readies    the   temperature  ot"  i'o 
centi'.'rade,  when  the  plate  is  now  placed 
on  the  l'r,i?ne  attaelu'd  to  the  upper  i>art 
of  the  bath,  where  it  rereives  the  vapor 
ot   tlie   quicksilver.     A  little  window  at 
the  side  allows  the  operator  to  observe 


the  advancement  of  the  process.  The 
image  gradually  is  developed  as  the  mer- 
curial vapor  coats  the  plate,  and  when 
the  greatest  distinctness  is  produced 
(which  is  j^euerally  after  two  minute-**), 
the  plate  la  removed.  As  far  as  tlie 
image  is  concerned,  nothing  more  is  ne- 
cessary to  be  done. 

The  picture  is  made,  and  has  now  to 
be  preserved.  It  is  necessary  first  to  re- 
move the  superfluous  iodine  and  bro- 
mine from  the  sides  of  the  picture,  where 
the  light  has  not  produced  any  chemical 
action  ;  this  is  accomplished  by  wiushiug 
with  hyposulphate  ot  soda,  a  salt  which 
is  capable  of  dissolving  the  iodide  of  sil- 
ver tonned  on  the  plate.  The  washing 
should  be  performed  immediately  after 
the  exposure  to  the  mercury.  The  plate 
is  held  bv  a  pliers  in  the  hand,  and  the 
hyposulp'liate  solution  is  poured  over 
the  plate,  and  washed  around  it.  The 
plate  is  then  rinsed  with  water,  and  dried 
otf  by  the  heat  of  a  spirit  lamp  applied 
underneath.  The  hyp^osiilphate  solution 
should  bo  weak. 

The  picture  is  now  formed,  and  the  su- 
perfluous coating  removed  :  it  has  yet  to 
be /r.r/v/.  This  is  accomplished  by  gild- 
inir,  or  applying  a  weak  solution  of  chlo- 
ride of  goKl,  washed  over  the  plate.  This 
protects  it  from  any  further  action  of  light, 
rendering  the  imaire  pemiament.  Tlie 
solution  of  the  chloride  of  gold  is  poured 
on  the  i)late,  heated  beneath  bv  the  lamp, 
an<l  allowed  to  remain  on  as  fong  as  any 
small  bubbles  eontinue  to  nppear. 

The  pictures  are  usually  eolored  by 
means  of  mineral  powders,  laid  on  dry 
with  a  brush.  Yellow  oehre  burned  is 
the  usual  tlesh  color,  mixed  with  e:irmine 
or  elirome  yell()W.  Oxide  of  bismuth 
t'orms  the  white;  Prussian  V>hie,  tiie 
blue;  and  the  irreen  is  formed  by  the 
mixturi'  of  blue  and  velhtw. 

When  the  silver  plate  is  ev>ated,  an  io- 
dide of  silver  is  ])roduced.  Wiien  it  is 
further  exposed  to  bromine,  a  portion  of 
bjoiiii.U' of  silver  is  also  formed,  so  that 
the  ]»!ate  is  tlun  covered  with  two  pre- 
j>aration>  of  >il\er,  the  bromide  and  the 
lo.li.le;  till!  latter  is  the  salt  which  it  is 
di'sii'able  to  have  formed  upon  the  j^late. 
and  all  a['|»lic;itioii>4  have  tor  their  oNject 
the  readv  formati(Ui  and  decomposition 
ot'it,  When  exposed  to  the  Iii;lit  the  io- 
difle  of  silver  is  deco?n]>osed  in  some 
]>laces.  while  in  other  places  the  «iecom- 
po-itioii  i:,  not  ellV'-ted.  \Vhcn  the  j»lato 
I  already  acti-d  on  by  li^'ht  is  ex]>osod  to 
the  inercury.  the  latter  eonts  these  places 
I  where  the  litrht  has  acted  on  so  that  th« 
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liffht  parts  of  the  picture  are  an  amalgam 
of  mercury  while  the  dark  places  are  of 
silver ;  the  intermediate  tints  are  a  mix- 
ture of  the  two.  The  daguerreotvpe  as 
at  present  produced  shows  only  the  ef- 
fect of  lights  and  shade.  It  has  not  yet 
satisfactorily  produced  color.  Occasion- 
ally indeed,  in  the  hands  of  an  artist,  a 
single  color  is  produced,  and  Becquerel, 
by  the  aid  of  a  galvanic  current  travers- 
ing the  plate  while  in  the  camera,  has 
pnxlucea  an  occasional  color  (not  the  na- 
tural one).  Mr.  Hill,  of  Greene  Co. 
N.  Y.,  hais  been  asserted  to  have  pro- 
duced the  colors  of  nature,  and  plates  so 
colored  have  been  seen  by  a  few;  but 
whether  from  uncertainty  in  the  use 
of  the  materials,  or  want  of  artistic  finish 
in  the  plates  so  produced,  the  publication 
has  not  yet  appeared.  It  may  not  be 
amiss  to  point  out  the  road  to  success — 
it  lies  in  the  taking  images  more  rapidlv : 
more  sensitive  plates,  and  more  powerful 
accelerators  must  be  used.  It  is  very 
probable  that  a  polished  surface  is  not 
that  which  is  capable  of  receiving  the  co- 
lors: a  surface  chemically  pure,  yet  not 
capable  of  reflection,  will  bo  likely  to  an- 
swer better;  hence  the  newly  electro- 
typed  surface  should  be  most  effective, 
and  when  this  is  excited  by  more  sensi- 
tive coatings  than  the  present,  it  is  likely 
that  the  colors  of  nature  will  be  reflected 
as  they  impinge.  There  is  no  doubt  that 
the  coating  with  mercury  covers  these 
up,  hence  this  must  ultmiatcly  1x5  dis- 
pensed with,  as  also  the  use  of  cloride  of 
gold.  Cliloro-cromic  acid  is  a  powerful 
accelerator,  and  may  be  useful  in  the 
first  stages  ;  but  the  whole  difiiculty  bus 
not  as  yet  been  solved. 

Daguerreotype  plates  may  be  etched  and 
thus  the  art  useftuly  applied  to  oV^jects  of 
natural  history.  To  ao  this  it  is  neces- 
sary to  etch  away  the  dark  parts  and 
leave  the  white  untouched.  The  plate  is 
immersed  in  a  fluid  consistinj?  or  dilute 
nitric  acid,  nitrous  acid,  chlorulc  of  sodi- 
um, and  nitrate  of  potass.  These  two 
salts  are  decomposea  when  the  fluid  is 
heated  and  chlorine  and  nitrous  acids  are 
evolved,  these  attack  and  remove  the 
silver  or  dark  parts,  but  have  no  etfoct  on 
the  mercury,  so  that  the  lights  of  the  pic- 
ture form  the  etcliing  ground,  and  pro- 
tect these  portions  of  the  plate.  Am- 
monia is  used  to  wash  the  plate  and  re- 
move the  cloride  of  silver  fornicd,  and 
allow  the  etching  beinj?  carried  on  far- 
tiier.  The  plate  is  now  mked  and  allowed 
to  dry,  the  surface  is  then  polished,  and 
gilded  by  the   electrotype,  those   parts 


onl^  taking  the  gold  which  had  been 
polished  previously.  The  plate  may  now 
be  still  further  etched  with  nitric 'acid; 
the  ink  having  been  washed  out  by  pot- 
ash and  the  etching  carried  on  until  it 
has  gone  sufficiently  deep.  M.  Claudet 
has  obtained  some  beautiful  engravings 
of  the  lower  animals  by  this  process. 

Daguerreotye  images  and  pnotogruphio 
imprCvSHions  may  be  reproduced  in  the 
following  manner : 

The  image  is  received  in  the  camera 
obscura  on  a  plate  of  silver,  strongly 
iodized ;  the  plate  is  then  exposed  to  the 
vapour  of  mercury,  but  not  to  the  action 
of  hyposulphite  of  soda.  It  is  then 
plunged  into  a  solution  of  sulphate  of  cop- 
per, placing  it  for  a  few  instants  in  com- 
munication with  the  negative  pole  of  a 
battery  and  closing  the  circuit  with  a  pla- 
tina  wire.  The  copper  deposits  itself 
only  on  the  parts  covered  by  tiie  mercury, 
the  iodide  of  silver  not  being  a  conduc- 
tor of  electricity.  The  plate  is  then 
washed  with  distilled  water,  then  with 
the  hyposulphite  of  soda  to  remove  the 
iodide,  and  quickly  dried  over  a  spirit 
lamp.  The  image,  m  which  tho  copper 
represents  the  light  parts  and  the  silver 
dark,  is  transferred,  at  least  the  copper, 
on  verjr  thin  plotes  of  gelatine.  An  in- 
verted image  is  thus  obtained,  since  the 
copper  which  is  opaque,  represents  the 
litrht  parts.  The  transfer  is  made  by  run- 
mng  on  the  plate  a  dear  solution  of  gela- 
tine, and  allowing  it  to  dry :  after  which 
the  gelatinous  foil  on  whicn  the  copper 
atlheres.  is  attached.  The  negative  proof 
obtainea,  the  next  part  of  the  process  is, 
to  re-produce  a  positive  imace ;  for  this 
purpose  a  sheet  of  photographic  paper  is 
taken,  on  which  is  cjirefully  applied  the 
proof  in  gelatine  the  face  on  winch  is  the 
copper  underneath.  The  whole  is  then 
exposed  to  dilfused  light  during  a  quar- 
ter of  an  hour ;  the  paper  is  then  plunged 
into  water  in  order  to  be  washed,  and 
then  into  a  solution  of  hyposulphite  of 
soda  to  remove  the  salt  ol  silver;  it  is 
then  washed  in  a  large  qiumtity  of  water 
and  dried^,  by  this  a  perfect  and  positive 
reproduction  of  a  daguerreotype  image  is 
obtained.  If  it  be  desired  to  obtain  the 
reproduction  of  a  drawing  or  an  engrav- 
inir,«a  nojrative  Y>roof  is  taken  on  a  pre- 

Sared  iodized  plate,  in  placing  it  over  the 
esif^n  or  engraving  and  exposing  the 
whole  to  the  li^bt.  It  is  then  jmnscd 
through  the  incrcuritd  prooe>s  and  the 
series  of  oj)eration3  above  described. 

The  following  improvement  in  the  pro- 
cesa^of  Dag ucrreotv ping   has  just   been 
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diBoovered  by  Niepce,  the  first  discove- 
rer of  the  art.    The  engraving  is  to  be 
Bubmitted  to  vapor  of  iodine  (at  a  tempe- 
rature of  15  or  20  degrees)  during  about 
ten  minutes  ;  a  longer  time  is  necessary 
if  the  temperature  be  Iea»  elevated ;  ten 
grammes  of  iodine  to  bo  used  per  square 
of  4  inches.    The  paper  intended  to  re- 
ceive the  impression  is  to  be  covered 
with  a  coat  of  paste,  taking  care  previ- 
ously to  have  it  moistened  with  water 
cont4uning  one  degree  of  pure  sulphuric 
acid.    The   proofs,   after   being  pressed 
with  a  linen  cloth,  present  a  design  of 
admirable  purity.      These  impressions, 
taken  on  paste  will,  however,  in  dryinsr, 
become  vaporous ;  out  if  taken  on  paper 
prepared  with  one  or  two  layers  of  starch, 
the  design  will  not  only  be  clear,  but  will 
preserve   much  better.     What  is   mo:*t 
extraordinary  is,  that  many  impressions 
may  be  taken  from  the  same  print  with- 
out submitting  it  to  a  new  preparation — 
the  last  proofs  being  always  the  cleurest. 
Designs  of  various  colors  may  thus  be 
obtained  according  as  the  paste  is  more 
or  less  boiled,  or  according  to  the  quanti- 
ty of  aoid  used.     Proofs  may  also  be  taken 
on  different  metals  by  observing  the  fol- 
lowing precaution.     In   submitting  tlie 
engraving  to  the  vapor  of  iodine,  care 
should  be  taken  to  have  it  perfectly  dry, 
in  order  that  the  white  portions  of  it  muv 
become    impregnated.     In   this  ca«e  ft 
should  be  exposed  but  a  few  minutes  to 
the  vapor.     Let  it  be  afterwards  applied, 
without   wetting  it,  to  a   plate  of  Bilvor, 
and  then  plat-ed  under  a  ]>ress  :  at  tlie  end 
of  five  or  six  minutes  tliere  will  he  a  most 
faithful  reprodiu'tioii  of  tiio  orlLriiial.     By 
afterwards  exposinsj  the  plate  to  the  va- 
por of  mercury,  a  i»roof  siniilar  to  that  of 
a  dairuerreotypc  is  ol)tained. 

It  has  been  rumored,  that  at  a  mcetincr 
of  the  French  Academy  of  S('ieiu'o>*.  M. 
Niepee  had  declared  his  cai>ahility  of 
takiiiff  the  pictures  in  the  naliiriJ  colors  ; 
his  process  has  not  yet  reached  this 
country. 

DAIILINE,  tlie  same  a«  Inulino,  tlie 
fecnla  ohtained  Irom  elecain{)ane,  and 
analogous  in  many  respeet  to  ntareh.  It 
is  not  einoloyed  in  the  arts. 

I)A1K\  .  An  ai»artineiit  in  a  h<niso,  or 
a  sciMiratc  hiiildiu;;,  for  the  purpose  of 
holding  milk  and  inaiiuractiiriiiL''  it  into 
butter,  elieeso,  or  other  dairy  ]>r.'<lii('e. 
On  a  small  scnh',  where  Initter  only  is 
imi'lo  tVi'in  milk,  tlu' .lairv  iiK'.v  l.e  a  r<>«'iii 
in  the  north  side  of  the  dwcllju-j  house  ; 
or  it  may  I'orm  one  of  the  otliees  coiiiiLot- 
ed  with  the  kilehen  court.     The  re.iui- 


sites  for  tho  room  to  contain  the  milk 
are — an  ec^ual  temperature  throughout 
the  year,  viz:  between  48°  and  55°:  suf- 
ficient ventilation  to  cany  off  all  bad 
smells  and  iinpurities  in  the  air;  and  the 
exclusion  of  flies  and  other  insects.  An 
equable  temperature  is  maintained  by 
thick  or  by  hollow  walls,  and  by  double 
windows.  In  winter  the  temperature  is 
somewhat  raised  bv  the  warm  milk,  and  in 
summer  it  is  cooled  to  the  degree  re<juired 
by  ventilation  and  the  evaporation  of 
water  poured  on  the  floor.  The  ventilation 
is  effected  by  opening  the  glazed  sashes  of 
the  windows,  and  supplying  their  places 
by  wire  shutters,  and;  mdeed  one  of  tho 
best  modes  of  arranging  the  windows  of 
a  dairy  is  to  have  wooaen  shutters  out- 
side for  closing  in  the  most  severe  weather 
in  winter ;  next,  a  fixed  frame  of  wire- 
work  to  exclude  the  files;  and  within 
this,  at  three  or  four  inches  distance,  the 
glazed  sash,  which  should  be  made  to 
open.  A  dairy  on  a  large  scale  is  most 
conveniently  arranged  as  a  detached 
building;  in  which  case,  it  contains  a 
milk-room,  a  chuming-room,  and  a  dairy 
scullery,  or  place  forscalding  the  utensils. 
If  cheese  is  to  be  made,  a  room  will  bo 
required  for  a  cheese  press  and  another 
for  drving  the  cheeses. 

DAMASCUS  BLADES,  are  swords  or 
cimeters,  presenting  uix)n  the  surface  a 
variegated  appearance  of  tcaUrin^,  as 
white,  silvery,  or  black  veins,  in  fine 
lines,  or  fillets ;  fibrous,  crossed,  inter- 
laced, or  parallel,  «fcc.  They  are  brought 
from  the  East,  being  fabricated  chieflv  at 
I)am:u*cus,  whence  their  name.  TFieir 
excellent  quality  has  become  proverbial  ; 
for  which  reason  these  blades  are  much 
sonirht  after  by  military  men,  and  arc 
hit:}i  priced.  The  oriental  processes  have 
never  been  satisfactorilv  described;  but 
of  late  years  methods  liave  been  devised 
in  Europe  to  imitate  the  fabric  very 
well.  ^ 

(.'hmct  and  Ilaehctte  pointed  out  the 
three  followinsj  processes  for  producing 
Damascus  bhules  :  I,  that  of  p<iruU* I  ft% 
f'fs;  2,  that  by  t-orslon ;  3,  the  mtviair. 
The  first,  which  is  still  juirsued  by  some 
French  cutlers,  consists  in  scoopini?  out 
with  a  L'nivin<r  tool  the  faces  of  a  jiiece  of 
stutr  composed  of  thin  |>lates  of  aitferent 
kinds  of  steel.  These  hollows  are  by  a 
su1>>*e<|uent  operation  tilled  up,  and 
bronirlit  to  a  level  with  the  external  faces, 
iiiMiM  which  they  sub'^e(juently  I'orm  tress- 
liuc  liiTiircs.  \i.  The  method  of  torsion 
wliicli  is  more  generally  enij»loyed  at 
present,  consists  of  fonning  a  bundle  of 
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rods  or  slips  of  steel,  which  are  welded 
toother  into  a  well-wrought  bur,  twisted 
hcverul  times  round  it.-*  axis.  It  is  re- 
peatedly forced,  and  twisted  aUernatelj' ; 
after  which  it  is  slit  in  the  lino  of  its  axis, 
and  the  two  halves  are  welded  with  tlieir 
outsides  in  contact ;  by  which  means  their 
faces  will  exhibit  very  various  contiirura- 
tiomt.  8.  The  mosaic  methoil  consists  in 
preparing  a  bur,  as  by  the  torsion  plan, 
and  catting  this  bar  into  short  pieces  of 
nearly  equal  length,  with  which  a  fagot 
is  formed  and  welded  together ;  taking 
care  to  preserve  the  sections  of  each  piece 
at  the  Burtaoe  of  the  blade.  In  this  way, 
all  the  variety  of  the  design  is  displayed, 
corresponding  to  each  fragment  of  the  cut 
bar. 

The  blades  of  Clouet,  independently  of 
their  excellent  quality,  their  flexibility, 
and  extreme  elasticity,  have  this  advant- 
age over  the  orienttil  blades,  that  thev 
exhibit  in  the  ver>-  substance  of  the  metaf, 
designs,  letters,  inscriptions,  and,  gener- 
ally speaking,  all  kinds  of  figures  which 
had  been  delineated  beforehand. 

Notwithstanding  these  successful  re- 
sults of  Clouet,  it  WHS  pretty  clear  that 
the  watered  designs  of  the  tnie  Damas- 
cus cimeter  were  essentially  dilTcrent. 
M.  Bryant  bos  at  last  completely  solved 
this  problem.  He  has  demonstrated  that 
the  substance  of  the  oriental  blades  is  a 
cast-steel  more  hijrhly  chargrcd  with  car- 
bon than  our  Euro[)ean  steels,  and  in 
which  by  means  of  a  eoolintr  suitably  con- 
ducted, a  crystallization  takes  place  of  two 
distinct  combinations  of  carbon  and  iron. 
This  separation  is  the  essential  condition : 
for  if  the  melted  steel  be  suddenly  cooled 
in  a  small  crucible  or  ingot,  there  is  no 
damascene  api>caranoc. 

DAMASK?:EN1N(;.  TIic  an  of  inlay- 
ing iron  and  steel  with  pol<l  and  silver, 
originally  practised  at  Damascus  in  Syria. 

DAMASSIN.  A  species  of  woven 
damask  with  gold  and  silver  flowers. 

DAMPKK.  An  iron  plate  slidintr  back- 
wards and  towards  in  v.  jifroove,  and  so 
aminired  as  to  enlar^'C  or  cf»iitract  and 
d-casionallv  dose  tiic  cliiniiievs  of  fur- 
nuccs,  steam  boilers,  Ac,  so  as  to  in- 
crease or  diminish  the  draujrht  of  air 
throuffh  the  flre,  and  cfmscoueiitly  regu- 
late the  intensity  of  the  cornnustion. 

DAMI*S.  The  noxious  exhalations  of 
mines  and  excavations.  The  carhn- 
retted  hydrogen  of  coal  mines  is  callc<l 
/'(•/•i»  T)amp  ;  carlx)nic  acid  is  ti-rined  C/io/v 
Damp. 

DATHOLlTEorDATOLITE.  A  mine- 
ral compound  of  lime,  silica,  and  boracic 
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acid,  a  boro  silicate  of  lime.    It  becomes 
opaqe  when  heated. 

DAVIT.  A  piece  of  timbei  used  in 
manairiner  the  anchor. 

DAVITE,  Fibrous  sulphate  of  alumi- 
na, found  near  Ik>gota  in  Columbia. 

DEAD  BEAT.  In  clock-work  (called 
also  ilead  scapcment^  or  f^capemerd  qf  re- 
poMe)^  a  peculiar  kind  of  acapement  in- 
vented by  Mr.  George  Graham  about  the 
year  IToO,  with  a  view  to  lessen  the 
etfect  of  the  wheel-work  on  the  motion 
of  the  pendulum ;  and  acquired  its  name 
from  the  circumstance  that  the  seconds^ 
index  stands  still  af^er  each  drop,  whereas 
the  index  of  a  clock  with  a  recoiling 
scapement  is  always  in  motion,  hobbling 
backward  and  forward. 

DEAD  LIGHTS.  Strong  wooden  p  iBts 
or  shutters,  put  over  the  glass-windows 
of  the  cabin  in  bad  weather,  as  a  defence 
against  the  sea. 

DEAD  RECKONING.  A  term  used 
in  navigation  to  express  the  estimation 
that  is  made  of  a  ship's  place  without 
having  recourse  to  observation  of  the  ce- 
lestial bodies.  It  is  made  by  observing 
the  way  she  makes  by  the  log,  and  the 
course  on  which  she  has  been  steered, 
makinj;  allowance  for  drift,  leeway,  &c. 

DECANTATION.  The  pouring  oft"  a 
char  rK|uid  from  its  subsicfcnce  or  resi- 
due ;  it  is  often  resorted  to  in  the  chemi- 
cal laboratory'  instead  of  filtration,  the 
clear  supernatant  liiiuor  being  poured  or 
syphoned  off  from  precijMtates,  which 
inay  thus  be  repeatedly  washed  or  edul- 
corated, so  as  to  free  them  from  all  solu- 
ble matters. 

DECARBONIZATION  OF  CAST 
IRON.  This  process  is  resorted  to  in 
onler  to  convert  e.ist  iron  into  steel,  or 
by  a  further  decarbonizjition  to  reduce  it 
to  the  state  of  malleable  iron;  hence, 
innny  articles  which  were  formcrlv  exclu- 
Kivcly  mumi  fact  tired  of  wroncrht  iron  arc 
now  Vast,  and  afterwards  decarbonized — 
siK'h  as  horsesJKtcs,  &c. ;  and  in  other 
cases  various  cuttintr  instruments  arc 
cast,  and  at*tcrwiir<ls  broui/ht  to  a  proper 
hnnhu'ss  by  a  similar  process.  The  arti- 
cles to  be  decarbonized  are  packed  in 
finely  powdered  lueniatite,  or  native  oxido 
of  iron,  and  exposed  lor  a  sufficient  time 
to  a  hiL'h  red  heat.  It  is  otlen  necessary 
to  mix  in»n  filintrs  or  turnincrs  witli  hn?- 
matite  :  these  rulistimces,  thus  applied, 
rmduully  a>»stract  the  excess  of  carbon 
in  east  iron,  and  reduce  it  to  a  state  ana- 
hujons  to  that  of  steel  ;  or,  by  a  lonirer 
continnance  of  heat,  1o  that  of  soil  iron* 
In    some    cases,   however,   the    process 
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seems  rather  to  affect  the  texture  and 
mcehanical  properties  than  the  composi- 
tion of  the  iron,  and  is  therefore  more 
analogous  to  annealing. 

DECOMPOSITluX,  is  the  separation 
of  the  constituent  principles  of  any  com- 
pound body.  The  following  table,  the 
result  of  important  researches  recently 
made  by  M.  rersoz,  professor  of  eheniis- 
trv  at  Stnusburgh,  shows  the  order  in 
which  (leconipositions  take  ]>laee  amonj^ 
tiic  successive  substances,  diminishing  in 
power  from  above  downwards. 


Nitric  Arid. 

Oxide   of  MftLnicslura 

—  Silver 

—  Cobalt 

—  Nirkfl 
Protox.  of  Cerium 
Oxide    of  Zinc 
l'n»tox.  of  Maii^nesc 
Oxide    of  I^'jmI 

—  I'udmlnm 

—  CopjitT 

—  (flurinum 

—  Aluniinm 

—  I'raniiiin 

—  Chroiniiim 
Protox.  of  Mereury 
Oxide    of  Mere  my 

—  In>n 

—  BlMuuth 


Mari«t>  Acid. 

Oxide  of  Mairnesiiim 

—  (^•l.}llt 

—  Nickel 
Protox.  of  Mercury 

—  Cerium 
Oxide   of  Zinc 
Protox,  of  Mnuffjinesc 

—  Iron 

—  I 'rani  urn 

—  Copjier 

—  Till 
C^xidc  of  (Jlueiuni 

—  Aluiniuiii 

—  I'raniuin 

—  I'liromiiim 
--  I  ma 

'11  n 

—  llisiunth 

—  Antimony 


The  study  of  tlio  tables  of  deeomjiosi- 
tion  are  of  the  utmost  iin]>ortjiiKv  to  the 
prnctiral  tmd  manutiu-turiiiL'  chemist,  jij^ 
tliey  jire  the  moims  (»f"  pinteetiii;/  iiim 
from  much  w;t?tc  and  hx^s. 

I)ECKI:PITATI()X,  \>  tlu-  erarklimr 
noise,  attcinlcd  with  the  tlviiiir  aMUider 
of  their  ]iart<,  made  by  si-veiMl  <alt"*  and 
minerals,  when  heated.  It  is  caused  }>n 
the  micqiiai  sudden  evpantion  of  their 
siil)Stance  by  tlic  lieat,  Suljihate  cI"  ]);ir\ - 
tn,  chloride  (,\'  «»odiutn,  calcareous  >|>ar. 
nitrate  of  baryta,  aihl  many  more  bodie-' 
which  contain  no  water,  decrepitate  ino^t 
vioh'iitly,  separalinir  at  the  iiaiiirai  joii.t.- 
of  tlieir  cr\  -lalliiic  ->1  nic'iire. 

DEKKCATIoN.  Th.  fneii^u'  ri-ui 
drcij-;  i»r  inijiiii-itic^. 

DKFLAi.b'ATIoX.    The  sndd.n  1.';,/ 
im;  up  of  a  cond)U>lil)Ie  ;  a;-,  ol'  '■•.ai.-'-al 
orsnljilnirw  hen  thrown  ijilo  iinlicd  i:it 'c. 

DKLPIIINIA.  The  xcLT^.to  iill.  :;;„. 
princij)le  ot"  the  Jj(^j>/ii,ti"//t  .sA///a /,•>/- 
ifrt'J.  or  !«tave>incre.     It   i->  ]">;>t>iiiiri>. 

DKLUH'KSCKNT,  i-  >aid  .f  a  --lid 
which  attracts  so  irmch  moi-^tnrc  tV"i>i 
tiie  air  as  to  oecomc  >i>"ntaiieor.-ly  -dl'r 
or  liquid;  such  as  potash  and  muriute 
of  lime. 

DKPILATURY,    is   tlie    name  of  an\ 


substance  capable  of  removiDgr  hairs  fW>m 
the  human  skLd  without  injurinjr  its  tex- 
ture. They  act  either  mechanically  or 
chemically.  The  first  are  commonly 'glu- 
tinous plasters  fonned  of  pitch  and  resin, 
which  stick  so  closely  to  the  part  of  the 
skin  where  they  are  applied,  that  when 
removed,  they  tear  away  the  hairs  witli 
them.  This  method  is  more  painful,  but 
less  dancferous  than  the  other,  which 
consists  in  the  solvent  action  of  a  men- 
struum, 80  enertretic  as  to  penetrate  ihe 
pores  of  the  skin,  and  dcstrov.the  bulb- 
ous roots  of  the  liairs.  This  is  com- 
posed either  of  ciuistic  alkalies,  sulphuret 
of  baryta,  or  arsenical  ])reparations.  Cer- 
tain vci^etablc  juices  have  also  been  re- 
commended for  the  same  purpoj^e;  as 
sptirire  and  acacia.  The  brmsea  epifs  of 
ants  have  likewise  been  preseribcil.  Hut 
the  or'u'nUd  ru»iiui  vieUis  to  nothing  in 
(lepilatorv  power.  ("Jadet  de  Gassincourt 
has  pnblisned  in  the  Dictionnaire  dfs 
.*v.v"</«v^  Mtdicithg^  the  following  recipe 
fur  }»repaniij,'  it. 

^li\  two  ounces  of  quicklime  with  half 
an  ounce  of  orpiment  or  reuluar,  (sulphu- 
ret (»f  arsenic;)  boil  that  mixture  in  one 
pound  of  ^tr(tn«;  alkaline  ley,  tlien  try  its 
>tn'nLrth  by  diLrtrinj;  a  feather  into  it,  and 
wlien  the  ilue  falls  otf,  i\\erunina  is  quite 
stntUij  enouL'h.  It  is  a]tplied  to  the  hu- 
man skin  bv  a  mouu'iitarv  friction,  fed- 
lowed  by  washinir  with  warm  water. 
Sueh  a  caustic  liquid  should  be  u^ed  with 
the  {.Mcalot  eireumspection,  be^dnnina: 
with  it  somewhat  diluteil.  A  soap  is 
sometimes  made  with  lard  and  the  abe)ve 
inLTredicnts ;  or  soft  soap  is  cond^ined 
with  them  ;  in  either  ea^-e  to  form  a  de}>i- 
latorv  i>onimade.  (jccasionallv  one  oumv. 
of  orpnnent  is  taken  to  eiijht  ounces  of 
(juicklinie.  or  two  to  twelve,  or  ihree  to 
titteciK  the  la>t  mixture  bcinjj  of  cour^ie 
llic  most  active.  Jts  causlicilv  mav  be 
liMiptTed  iiv  th«'  addition  of  one-eiifhti) 
"f  slaich  or  rye  il"ur,  so  as  to  f(»rm  a  Not\ 
jiu-'i',  whicii  beinir  laid  upon  the  liriry 
-j-"t  for  a  lew  minute^,  usualJy  carriv** 
a\\:i\  1  be  linir'^  \\  ith  it. 

1)F>TKM  (TIVK  DISTILLATION.  A 
{fiiii  applitd  to  tliC  di>tillat:on  of  oruanio 
l-ro.liu-i^  a1  lii'.di  teni})erjitures,  by  which 
I 'a-  i.!;im:ite  e'aneiits  are  sepaHited  or 
i\"l\id  in  now  »  ombinatiou>,  Tlie  de- 
>tiUfti\e  di-l'ihition  of  coal  is  resorted  ti» 
l-'r  the  j-iodhrijoii  (if  !^M>.  and  that  of 
l>oiie  tVw  the  production  of  ammonia,  and 
of  wo'hI  iiir  the  tnrmation  of  viue^Mr. 

1)1:T(.)NAT1NCt  TIT.E.  a  stout  glass 
tube,  uscvl  in  the  chemical  laborator>'  for 
the  C«'*"n:itv>ii  of  ira'^eous  bouie*-.     It  is 
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generally^  as  reprei^nted  in  the  annexed 
cut,  gracluated  into  centei«imal  parts,  and 
periforated  by  two  opposed  wiret*,  for  the 
pur})0»c  of  pae.-^ing  an  electric 
spark  through  the  gnse?  which 
are  introduced  into  it,  and 
wliich  are  confined  within  it 
over  water  or  mercury.  "VN*  hen 
a  dctonatinj^  tube  is  used  over 
either  of  ther^e  liuids,  the  small- 
est possible  quantity  of  explo- 
sive gas  should  be  introduced 
I  into  it,  as  in  consequence  of 
>--\  the  expansion  which  ensues,  a 
—  portion  is  apt  to  be  forced  out 
at  the  moment  of  the  explosion.  The 
tube,  when  used,  should  be  finnly  held : 
a  sprinjr  is  sometimes  sub}*tituted  for  the 
irrusp  of  the  hand,  but  it  is  inconvenient. 
DETONATING  POWDER.  A  term 
applied  in  chemistry  to  fulminatini?  mer- 
cury and  silver,  and  toother  compounds 
which  suddenly  explode  when  struck  or 
heated.  Some  of  these  compounds  have 
lately  been  much  used  for  the  ignitioh  of 
gunpowder  in  percussion  locks. 

DETONATION.  When  chemical  com- 
bination or  decomposition  is  sudden  and 
attended  by  flame  and  explosion,  it  is 
ottcn  said  to  be  effected  by  detovation. 
If  a  mixture  of  hydrogen  gas  and  oxygen 
be  inflamed  by  the  electric  spark  or  by  a 
taper,  it  burns  rapidly  and  'with  explo- 
sion, and  is  said  to  d*'tonate.  When  a 
grain  or  two  of  phosphorus  is  mixed 
with  chlorate  of  potiu»sa  and  struck  with 
a  hammer,  the  mixture  detonates. 

DETKITLS.  A  geologi«?al  term  applied 
to  deposits  composed  of  various  sub- 
stances which  have  been  comminuted  by 
attrition.  The  larger  fragments  are  usu- 
ally termed  dtbrU ,  those  which  are  y»ul- 
verized,  as  it  were,  wmstitutc  dffrUuM. 
Sand  ii*  the  detritus  of  siliceous  rocks. 

D  E  U  T  O  X  1  D  E,  literally  means  the 
second  oxide;  but  is  usually  employed 
to  denote  a  compound  containing  two 
atoms  or  two  prime  e«(uivaleuts  of  oxy- 
gen to  one  or  more  of  a  metal.  Thus  we 
sav  deutoxide  of  copper,  and  deutoxide 
ot  mercury.  Berzelius  has  abbreviated 
thi"*  expression  by  ad<»i)tiiig  the  priiu-i- 
ple«*  of  the  Frencli  nonjenclature  ot  17^7; 
a^i-^rdintr  to  which  the  hiirher  stage  of 
o\\dizement  is  characterized  by  the  ter- 
mi nation  u?,  and  tlie  lower  by  oi//t,  and  he 
writes  accordinclv  cnpric  and  mercuric, 
to  designate  the  deutoxides  of  these  two 
metals :  cuprous  and  ii;ereurous,  to  de- 
siguaic  their  protoxides. 

I)EXTB1NE.  This  substance  has  ex- 
ftdly  the  aame  chemical  composition  as 


starch,  consisting  of  24  atoms  of  carbon, 
20  of  hydrogen,  and  10  of  oxygen  ^Du- 
mas) ;  but  it  is  distinguished  from  starch 
by  its  solubility  in  cold  water,  like  gum, 
and  not  V>eing  aflcclcd  by  iodine.  British 
gum,  as  it  is  called,  or  roasted  starch,  is 
merely  dextrine  somewhat  discolored ;  a 
substance  apparently  used  for  the  paste 
on  the  queen's  head  British  letter- 
stamps.  A  process  discovered  by  M. 
Payen,  and  patented  in  France  by  M. 
Henz^,  for  making  dextrine,  consists  in 
moistening  one  ton  of  dry  starch  with 
water  containing  4i  lbs.  ol'  strong  nitric 
acid.  The  starch  thus  uniformly  wetted, 
is  made  up  into  small  bricks  or  loaves, 
and  dried  in  a  stove.  It  is  then  rubbed 
down  into  a  coarse  powder,  and  exposed 
in  a  stove-room  to  a  stream  of  air  heated 
to  about  16(J^  F.  Being  now  triturated, 
sifted,  and  heated  in  a  stove  to  about 
228°  F.,  it  forms  a  perfect  dextrine  of  a 
fair  color ;  because  the  acid  acts  as  a 
substitute  for  the  higher  heat,  used  in 
making  the  British  gum.  Such  an  arti- 
cle makes  a  fine  dressing  for  muslin  and 
silk  goods,  and  is  much  employed  in 
French  surgery,  for  making  a  stitf  paste- 
sup]»ort  to  the  baudaees  of  fractured 
limbs, 

DIALS  are  instruments  known  to  and 
constructed  by  the  ancients,  for  the  mea- 
surement of  time. 

In  constructing  a  sun-dial,  the  object 
is  to  find,  by  means  of  his  shadow,  the 
sun's  distance  at  any  time  from  the  meri- 
dian. When  this  distance  is  known,  the 
hour  is  also  known,  provided  we  suppose 
the  sun's  apparent  motion  to  be  uniform, 
and  that  during  the  whole  course  of  a 
day  he  moves  in  a  circle  parallel  to  the 
equator.  Neither  of  these  conditions  is, 
in  fact,  accuratclv  fulfilled,  but  the  er- 
ror which  this  gives  rise  to  is  of  small 
amount ;  and  it  is,  moreover,  sut^ciently 
obvious  that  the  use  of  a  dial  is  not  to 
indicate  the  hour  with  astronomical  pre- 
cision, but  merely  to  give  such  an  ap- 
proximation as  is  necessary  for  the  pur- 
poses of  civil  lite. 

Dials  are  u>ually  constructed  on  an 
ininiovabie  surface,  and  admit  of  an  in- 
finite number  of  ditferent  constnictions, 
all  dcjKnding  on  the  nature  of  the  sur- 
face and  its  position  with  regard  to  the 
equator  of  the  earth.  The  general  prin- 
ciples, however,  are  the  same  in  all,  and 
depend  on  the  sini])lest  elements  of 
treometiy  and  astronomy.  The  fii>t  ]n»rt 
that  claims  attention  is  the  a////^  or  ;/;<f/- 
77JO/J,  or  axis  of  the  dial,  which  is  usually 
a  cvliudrical  rod,  or  the  edire  of  a  thin 
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plate  of  metal.  The  style  must  be  di- 
rected perpendicularly  to  the  terrestrial 
equator ;  in  which  direction  it  nmv  be 
considered,  on  account  of  the  smalfness 
of  the  earth''8  diameter  in  comparison  of 
the  distance  of  the  sun,  us  coinciding 
with  the  axis  of  the  diurnal  rotation ; 
consequently  the  plane  which  passes 
through  the  style  and  its  shadow  on  the 
surrounding  surfaces,  and  which  always 
passes  through  the  centre  of  the  sun, 
will  be  an  hour  piano,  and  turn  with  the 
sun  as  the  sun  turns  round  the  stvie  by 
the  effect  of  the  diurnnl  motion.  All  that 
remains  to  be  done,  in  addition,  is  to  dis- 
cover, and  describe,  for  the  different 
hours  of  the  day,  the  intersections  of  this 
variable  hour  plane  with  tlie  surface  on 
which  the  dial  is  to  }>e  constructed.  On 
these  intersections  the  sluidow  of  the 
style  will  be  projected  every  day  at  the 
same  hour;  beciuise  at  the  same  hour 
the  sun  must  have  returned  to  the  same 
hour  plane,  although  his  distance  from 
the  equator  may  be  different. 

From  these  considerations  it  is  mani- 
fest that  the  whole  theory  of  diallinir  is 
comprehended  in  the  sohition  of  this 
general  problem  : — "  Twelve  jilanes  all 
intersectnig  enoh  other  in  the  same 
straight  line,  and  makino"  witli  each  other 
equal  angles  of  15°,  being  triven  in  posi- 
tion;  to  tind  the  intersections  ot'  tiiose 
pUmes  with  any  surface  whatever,  aUo 
given  in  form  and  position."  Tlie  sur- 
face whifh  intersects  the  hour  ]thines 
mav  be   of  anv  kind   wliatcver,  but    for 

•  '  •         • 

obvious  reasons  it  is  generally  a  plane  ; 
and  when  its  position  witji  re>i>eet  to  the 
common  intersection  of  the  hour  phmcs 
(which  is  tlie  styh' of  the  dial )  an<l  to  any 
one  of  those  )»lanes  is  givm,  tlic  tracf^ 
or  intersections,  which  arc  in  thin  ease 
all  straiLrht  lines,  are  the  hour  lines  on 
the  dial,  and  easily  ealculaii-d  ]ty  tlie 
ordinary  rules  of  trigoiioinclry  or  gco- 
nietrv. 

ft 

Aeeordinir  to  the  position  of  the  dial 
with  rcsjicct  to  the  hori/on  of  the  pla«-c. 
the  dial  \a  horizondtl,  urtii-iiK  "T  iinHiiiJ. 

The  iiio'^t  com- 
mon cf»nstnic- 
tion  is  the  //"/■/- 
zi'hdil  Ihnl.  op 
that  in  which 
the  plane  ot"  the 
liial  is  j.anillcl 
to  the  lioii/on, 
and  coii^cqiKiit- 
ly  makis  with 
the  st\Ie  an  an- 
gle equal  to  the 


latitude  of  the  place.  At  the  eouator, 
this  is  the  same  as  th»?  polar  dial ;  but 
at  all  other  places,  the  hour  lines  inter- 
sect each  other  in  the  piunt  in  which  the 
stvle  intersects  the  plane  of  the  dial, 
which  point  is  called  tlie  centre,  and  the 
angles  they  make  with  one  another,  or 
with  the  XII  hour  line,  depend  on  the 
latitude. 

After  the  horizontal  dials,  the  construc- 
tion most  frequently  employed  is  that  in 
which  the  plane  ot^  the  dial  is  vertictil ; 
for  example,  when  fixed  on  the  wall  of  a 
house.  In  this  case,  the  positions  of  tho 
different  hour  lines  depend  on  the  lati- 
tude of  the  place  and  on  the  aspect  ot  the 
dial ;  that  is  to  sav,  its  position  with  re- 
spect to  tlie  meridian,  if  the  dial  is  per- 
pendicular to  the  meridian,  it  is  a  9f>uth 
(fial^  or  north  dial,,  according  as  it  faces 
tlic  south  or  north.  (The  vertical  south 
dial  is  represented  in 
tlic  annexed  figure.) 
Wl^cn  not  perpendi- 
cular to  the  meridian, 
the  vertical  dial  is  said 
to  be  dedimd.  The 
formula  for  the  hour 
lines  of  a  south  verti- 
cal dial  ditfers  from 
that  for  a  horizontal 
dial  in  no  respect  excepting  that  the  sine 
of  tlie  latitude  is  changed  into  the  co- 
sine, the  cause  of  which  will  be  obvious 
when  it  is  considered  that  the  plane  of 
the  dial  in  passing  from  the  horizontaU 
to  the  south  vertical  direction  preserves 
its  inclination  to  the  different  hour 
Jilanes  unaltered;  while  the  anirle  which 
it  makes  with  the  stvlc,  or  the  axis  of  the 
earth,  is  the  com]ilement  of  the  antrle  it 
m.'iile  with  the  same  line  in  its  former 
{•o'«iti(»n.  Let  i/,  theretore,  be  the  hour 
aiiL'le  at  the  eentre  of  the  dial ;  and  put 
tiriL'.  as  before,  h  =  the  hour  from  noon, 
and  I  =  the  latitude,  the  formula  for  the 
south  vertical  dial  is  tan.  ,y  =  tan.  A  (H"»s. 
/:  whincc  it  follows  that  a  horizontal 
<li.il  <'on>tnicted  for  any  given  laiitiule 
will  ]•(•  a  south  vertical  dial  f»r  any  ]>laco 
ot"  which  tlie  latitude  is  the  ec'ini'Ieinent 
of  the  latitude  of  the  former  j»iace, — a 
]iroj>erty  whicli  was  discovered  by  the 
Araiiiaiis.  The  hour  lines  of  the  vertical 
nonh  «lial  arc  t'oiind  exactly  in  the  same 
way  as  tho:*e  of  the  south  dial. 

1)1AM<)N1>.  (A  corruption  of  a.Ia- 
i}iitttt\.  The  most  valiiahle  of  the  pre- 
cious stonc-J,  l>iamond>  were  originally 
di-'oveicd  in  BeJiL'al.  and  in  the  Island 
ot"  Borneo.  About  the  year  17'J0  they 
were  l"uund  in  Brazil.     One  lalclv  fouu^ 
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at  Bahia  was  worth  $225,000,  though 
Bold  by  the  negro  finder  for  $175.  They 
alwiivH  occur  in  n  detached  state  in  allu- 
Tial  soil.  The  primitive  cry^alline  form 
of  the  diamond  is  a  regular  octahedron, 
of  which  there  are  numerous  modifica- 
tions. Diamonds  are  found  of  all  colors : 
tho^e  which  are  colorless,  or  which  have 
•ome  very  decided  tint,  are  most  es- 
teemed; the  latterj  however,  are  rare. 
Those  which  are  siij^tly  discolored  are 
the  least  valuable.  The  diamond  is  the 
hardei^t  known  substance,  and  can  only 
be  polished  hj  its  own  dust  or  powder. 
The  art  of  splitting  or  cutting  ana  polish- 
ing this  gem,  though  probabljr  of  remote 
antiquity  in  Asia,  was  first  introiluced 
into  liafopo,  in  I486,  by  Louis  Bcrghem. 
of  Bruges,  who  accidentally  discovereci 
that  by  rubbing  two  diamonds  together 
their  surfaces  might  bo  abraded.  They 
are  cut  chiefiv  into  two  forms,  rose  and 
briUiatU:  the  latter  have  the  finest  #ifect, 
but  require  a  sacrifice  of  a  larger  portion 
of  the  gem  ;  so  that  the  weight  or  an  or- 
dinary polished  diamond  often  docs  not 
exceed  naif  that  of  the  rough  gem.  The 
lartrcst  known  diamond  i^  probnbly  that 
mentioned  by  Tavernier,  in  i>ossefsion  of 
the  great  mojrul"  it  wn-s  found  in  (iol- 
condft  in  1560;  is  of  the  siy.c  of  luilf  ai 
hen's  egg,  and  said  to  wcitrh  900  carats. 

Tlie  next  most  valuable  dinnioiul   in 
the  world  has  lately  come  into  the  pos- 
sf^j»i(>n    of   Queen    Victoria,    and    was 
exhi>»ited  in  the   World's  Fair.     It  was 
bronirht  from  the  East  Indies,  and  prc- 
scnte<l  to  the  queen  by  the  East   India 
(.'ompany ;     it    is    called    the     "  Koh-i- 
No<>r  ^^  (Mountain  of  Lijrht).   All  the  na- 
tives of  ilindostan  have  heard  of  it,  and 
it    has   had   a  mytholopicjil   fume    for  a 
number  of  centuries.     Its  possession  by 
any  prince  was  superstitious!}  held  to  Ik* 
the  Xy\>*i  of  dominion.     It  was  discovered 
in  the  famous  diamond  mines  of  Golcon- 
d«»,    but  when  is  unknown.     It  was    a 
stute  jewel  of  the  Delhi  Emperors  until 
1730.     In  that  year  the  Persian  warrior. 
Nadir  Shah,  conquered  the  Delhi  mon- 
arch, and  carried  away  as  his  most  pre- 
cious trophy,  the  *'  Koh-i-Noor."     It  af- 
terwards came  into  the  possession  of  the 
Meers  of  Affarhan,  and  was  an  heir  loom 
in   the  family  of  Ahmed  Khan  Ab<lali, 
and  was  carried  to  Lahore  by  the   fn^i- 
tive  prince  Shah  Shooja,  from  wliom  it 
was  extorted  by  the  basest   of  moans — 
starvation.     This  will  the  liospiliUitv  of 
the  Sikhs.     By  the  oon(HK'>t  of  tlic  i^ikl^ 
territory,  in  1848,  this  diamond  came  in- 
to the  possession  of  Lord  Dalhousie,  ac- 


cording to  stipulation,  to  bo  presented  to 
the  queen.  Its  value  is  about  eipht  mil- 
lions of  dollars  ;  it  weighs  280  canits,  and 
is  of  the  finest  water.  It  never  has  been 
in  a  dealer's  hands,  but  has  descended, 
either  by  fraud  or  force,  from  one  prince 
to  another.  Its  shape  is  like  the  pointed 
half  of  a  hen's  eg:a:. 

Among  the  crown  jewels  of  Russia  is  a 
magnificent  diamond,  weighing  195  ca- 
rats :  it  is  of  the  size  of  a  pigeon's  e^g. 
and  was  purloined  from  a  brahmimcal 
idol  bv  a  French  soldier;  it  passed 
througn  several  hands,  and  was  ultimately 
purchased  b^  the  Empress  Catharine  tor 
the  sum  of  90,000/.  and  an  annuity  of 
4,000/.  Perhaps  the  most  perfect  and 
beautiful  diamond  hitherto  found  is  a 
brilliant  brought  from  India  by  a  gentle- 
man of  the  name  of  Pitt,  who  sold  it  to 
the  recent  Duke  of  Orleans  for  the  sum 
of  100,000/.  It  weighs  about  186  carats, 
or  .'>44  grains. 

That  the  diamond  is  combustible  was 
first  proved  by  the  Florentine  academi- 
cians in  1694,  who  found  that  when  ex- 
posed to  the  heat  of  the  sun  concentrated 
in  the  focus  of  a  largo  lens,  it  burned 
awav  with  a  blue  lambent  flame.  The 
'prtnhicts  of  its  combustion  were  first 
examined  by  Lavoisier,  in  1772,  who 
showed  that' when  it  was  bnnied  in  air 
or  oxygen  it  produced  carbonic  ncid ; 
subsequent  expcriinents  have  shown 
that  nothing  but  ciirbonic  acid  is  thus 
formed  ;  and  hence  it  is  proved  that  the 
diamond  is  ehaivoal  or  carbon  in  a  pure 
and  crvstallinc  form. 

On  the  banks  of  the  river  Nikolaiefska, 
Tobolsk,  in  Siberia,  in  the  midst  of  the 
auriferous  sand  washings,  has  been  dis- 
covered a  mine  of  stones  resembling  dia- 
mrtiids  ;  they  are  a  little  less  heavy  and 
hard,  but  are  harder  than  granite.  '  It  is 
proposed  to  call  them  Diamantoid.  Dia- 
mond dust  is<  used  for  workiner  cameos, 
f polishing  brilliants,  and  sharpening  cut- 
er\-. 

J)iamonds  are  valued  by  multiplying 
the  souare  of  their  weijrht  by  the  value 
of  eacn  carat.  Allowing  a  roujrh  diamond 
to  weij?h  4  carats,  and  the  v.ilue  of  eaoh 
carat  is  ^b,  then  4X4=1  t?X8=$12><,  the 
value  of  a  rouirh  diamond.  Manufac- 
tured or  cut  diamonds,  have  their  values 
found  by  donblincr  the  wciL'ht — for  ex- 
juiiplo,  a  out  di:ini<»ii(l  of  two  <^arnts.  dou- 
ble the  *2,  thus  -1X4=1''  :  niultii'ly  as  W- 
tore  ll»X^=l-^.  the  value  of  a  lut  dia- 
mond 2  carats  fun*.  Diamonds  are 
wcitrhed  by  the  carat  of  8^  grains  Trt>y 
weight. 
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Diamonds,  cutting  of.  Although  the 
diamond  is  the  hardest  of  all  Known 
substances,  yet  it  may  be  split  by  a  steel 
tool,  provided  a  blow  bo  applied;  but 
this  requires  a  perfect  knowledge  of  the 
structure,  because  it  will  only  yield  to 
such  means  in  certain  directions.  This 
circumstance  prevents  the  workman  from 
forming  fucettcs  or  planes  generally,  by 
the  process  of  splittmg ;  he  is  therefore 
obliged  to  resort  to  the  process  of  abra- 
sion, which  is  techniciilly  called  cutting. 
The  proees's  of  cutting  is  eliVoted  by  tix- 
ing  tne  diamond  to  be  cut  on  the  end  of 
a  stick  or  handle,  in  a  sm.ill  bjill  of  ce- 
ment, that  part  which  is  to  be  reduced 
being  letl  to  project.  Another  diamond 
is  also  tixcd  in  a  siinilnr  manner;  and  the 
two  stones  beintf  rublted  airainst  each 
other  with  considerable  force,  they  arc 
mutuallv  abraded,  flat  surfaces,  or  fa- 
cettes,  being  thercVn-  produced.  Other 
facettes  arc  formed  by  t^hiftiiiir  the  dia- 
monds into  fresh  positions  in  the  cement, 
and  when  u  sufhcient  number  arc  pro- 
duced, they  are  tit  for  polishiii>:.  The 
stones,  when  cut,  arc  tixed  for  this  pur- 
pose, by  imbedding  thi.'tn  in  sott  sohk-r, 
contained  in  a  small  copper  oup,  the 
part  or  facette,  to  be  polished,  being  Ictl 
to  protrude. 

DIAMOND  MirROSCOPP:S  were  first 
sn^rgested  by  Dr.  Gorinsj,  and  liave  bciii 
well  executed  by  Mr.  Pritcliard.  Previ- 
ous to  grinding  a  diamond  into  a  spheri- 
cal fiofure,  it  should  be  ijrroniid  tlat  and 
paralltd  upon  both  sides,  tlint  by  lookiiiL' 
throuifh  it,  as  opticians  try  tlint  L^Iass,  wc  j 
may  see  whether  it  ha**  a  donMe  or  tri|>lo 
relraelivo  p(nver,  as  many  have,  Avhii-h 
would  render  it  u-'cless  as  a  lens.  .Arnonjj- 
the  fourteen  diliVrent  er\>taHine  tonus  ut" 
the  diamond,  prol»ably  the  octahediMu 
and  the  eiilx'  are  tiie,  only  ones  that  \\\\\ 
give  siiiu'le  vi>i(in.  It  will,  in  many  eases. 
he.  advisa])le  to  Lfriiul  diaint'nd  len-e^  ' 
plano-convex,  both  becaii>e  this  tiiriirc  ' 
gives  a  low  splierical  nberratioii.  and  l)c- 
causc  it  saves  fjic  tronlile  f-f 'jTindin.r  tMie 
side  of  \\\<i  gem.  A  concavr  tool  of  east 
iron,  TKivcd  with  diainon.l-|H.\vd('r,  hanv 
merea  into  it  by  a  hardmed  steel  pnie-h. 
was  employed  "by  Mr.  Pritehard.  Thi< 
iie^'enions  artist  sui-ceciled  In  eonipletiiiL'" 
adoul'le  citnvex  ol"  ei|iial  radii,  of  about 
one-twenty-tii"ih  oi"  ;in  inch  lo.-nv.  1.e:ir- 
iuiT  an  a]»eriiirc  ol'  one  tliiiruih  ot"  an 
inch  with  iii->tiii<-f  Ile■^s  uj>oii  oj..iijiii'  ol»- 
je<-t<,  and  its  «-ii!ire  <liauii'tir  nj>on  tratis- 
par»-nt  one-».  '^hl•^  len>  l-'In'-s  vi^lofi  with 
a  tntliiiu' <'lironiatie  atxi  ration  :  in  other 
respects,  like   J)r.  (ioriiiir's  Ainii-lan    Ke- 


flector,  but  without  its  darkness  ;  itfi  light 
is  said  to  be  superior  to  that  of  any  com- 
pound microscope  whatever,  acting  with 
the  same  power  and  the  same  angle  of 
aperture.  The  advantage  of  seeing  on 
ODJect  without  altcrration  by  the  interpo- 
sition of  only  a  single  magnifier,  instead 
of  looking  at  a  picture  of  it  with  an  eye- 
glass, is  evident.  We  thus  have  a  simple 
direct  view,  whereby  we  shall  see  more 
accurately  and  minutely  the  real  texture 
of  objects. 

DIAPER.  A  woven  linen  ornamented 
with  patterns,  and  used  for  towels  and 
table-linen;  it  sometimes  resembles  an 
inferior  kind  of  damask.  It  is  said  to 
have  been  origimdly  manufactured  at 
Ypres  in  Flanders :  whence  the  term 
d'Vprcs,  corrupted  into  diaper. 

DjAPHANOUS.  A  term  applied  to 
bodies  which  permit  the  li^ht  to  pa.s» 
through  their  substances.  It^  is  the  sy- 
notiy^e  of  translucent.  A  body  which 
allows  the  forms  of  objects  to  be  seen 
through  it  is  transparent. 

D I. A. SPOKE.  A  laminated  mineral, 
coinpo.4ed  of  80  alumina,  IS  water,  3  oxide 
of  iron.  A  small  fratrment  decrepitates 
when  heated,  and  is  dispersed  in  numer- 
ous tVatrments  :  hence  its  name. 

DIASTASE.  A  peculiar  substance 
irencrated  during  tiie  trermiuation  of  bar- 
ley, wheat,  iVre.,  wliich  tends  to  accvlerate 
the  formation  of  suijar  during  the  fer- 
nuMitation  of  worts.  It  is  ]»recipitaled 
iVom  infusions  of  bruised  malt  by  alcohol. 
It  is  the  principle  which,  by  its  reaction 
on  starch,  ton<ls  to  develop  suL'ar  in  the 
proces-^es  of  irennination  and  malting. 

DIK.  in  coinaLTO.  is  the  instrument  by 
wliieli  the  impressions  are  iriven  upon  tlic 
variou-i  denominations  of  coin.  The  fol- 
lowing' is  an  outline  of  the  dit-  iii'iuufoc- 
tint-:  The  euLTaver  selects  a  forL'e<l  jiliig 
of  the  best  cast  steel  of  ]>roper  dimen- 
sions tor  his  intended  work,  an*l  having 
earci'ully  annealed  it,  and  turned  its  sur- 
faces smooth  in  the  latlie,  ]irocec<lsto  en- 
irrave  ujionit  the  intended  device  for  the 
coin.  AVlien  this  is  perti-ct,  the  letters  are 
]>nt  in,  and  the  circularity  an<l  size  duly 
adin-t(<l;  it  is  then  luirdcncd,  and  is 
tertned  a  tmitrix.  Another  }»lutr  of  sotX 
sT(  el  i<  now  selected,  and  the  nuitrix  be- 
iie.'  <  arct'ully  a'ljuste-d  upon  it,  they  are 
pla<'e(l  uieltT  a  very  powertul  lly-prcsc. 
and  two  or  three  blows  so  directed  as  to 
coiiiiii,nc<-  an  ini)'ris>ion  ()f  the  matrix 
U|»oii  the  |>hi'_'  ;  thisis  then  annealed,  \\\n\ 
the  (»]ierition  repeated  till  the  ]>luLr  re- 
ceive^ a  pet  ti'ct  imiMeS'iion  of  the  work 
ujion  the  matrix.     This  impression  is  of 
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ooaree  in  relief ^  the  original  work  upon 
the  matrix  being'  indented,  and  produces 
what  is  termed  the  vunch.  This  being 
duly  Bhupcd  in  the  latnc,  is  hardened,  and 
is  employed  in  the  production  of  impres- 
sions in  8oft  ftteel  or  dif^,  wiiich,  beinrj 
proj>erly  turned  and  hardened,  are  exact 
/ar-Mi/nil^s  of  tlie  ori^al  matrix,  and  are 
nsicd  in  the  process  of  coimioe.     When  a 

fwir  of  dies  are  made  of  good  steel  duly 
lardened  and  tempered,  and  are  carefully 
used,  thev  will  sometimes  yield  from  two 
to  three  liundrcd  thousand  impressions 
before  they  become  so  far  worn  or  injured 
as*  to  require  to  be  removed  from  the 
coiLinff  presses. 

DIFFERENTIAL  THERMOMETER, 
An  ingenious  in>trument  of  grent  use  in 
experimental  philosophy,  for  measuring 
\ery  small  diiferences  of  tenj]>eruturc ; 
invented  and  re-applied  by  Sir  John 
Leslie,  thoutrh  tlie  idea  of  aii  instrument 
of  the  same  kind  seems  to  have  long  be- 
fore Wen  suggested  by  Sturinius.  The 
ditferential  thermometer  is  de8cril>cd  by 
Li'slio,  in  liis  Kxjh-riuunfal  [hnuirt/  info 
Ute  yoture  afui  PnfpanntH/n  of  Jf-at^  nearly 
a*  follows :  Two  glass  tubes  of  unequal 
leuirths,  each  termiuatirig  in  a  hollow  ball, 
and  having  their  bores  somewhat  widened 
al  the  other  ends,  a  small  portion  uf  sul- 
phuric acid  tinged  with  ennnine  being  in- 
tro<lueed  into  the  bull  of  the  liJiiL'tr  tube, 
are  joined  toifether  by  the  tlaino  of  a  blow- 
pi{»e,  and  afterwards  bent  into  nearly  the 
shafKj  of  the  lettrrU;  the  one  tloxure 
beinjf  nuide  jn.^t  below  the  .j<^^>iniTifr.  where 
the  small  cavity  facilitates  the  ailjiwtnient 
of  the  instrument,  which,  by  a  little  dex- 
terity, is  }>erformed  by  fon-inir  with  the 
heat  of  the  hand  a  few  minute  trlohiiies 
of  air  from  the  one  ball  into  the  other. 
The  balls  are  blown  as  ecpuil  as  the  eye 
can  judge,  and  from  fotir-tenthx  to  severi- 

tenths  of  an  iiieh  in 
diameter.  To  one 
of  the  leirs  of  the 
thermometer  a  i?eale 
is  attached  ;  and  the 
liquid  in  the  tube  is 
so  disjiosed  that  it 
stands  in  the  L'^radu- 
atedlej:o|.p(»«ite  the 
zero  of  tfie  scale, 
when  both  balls  are 
exi><»sed  to  the  same 
teioperatnre.  From 
this  coll^tnletion  of 
the  instrument,  it  i** 
easy  to  see  that  it  is 
affected  by  the  difference  only  of  heat  in 
the  two  balls.     As  long  Jis  both  balls  arc 


of  the  same  temperature,  whatever  this 
may  be,  the  air  contained  in  the  one  will 
have  the  same  elasticity  as  that  contained 
in  the  otlier;  and  consequently  the  inter- 
cluded  colored  liquid,  being  tfius  pressed 
equally  in  opposite  directions,  remains  sta- 
tionary. But  if,  for  instance,  the  ball 
which'  holds  a  portion  of  the  liquor  be 
warmer  than  the  other,  the  superior  elas- 
ticity of  the  confined  air  will  drive  it  for- 
warcis,  and  make  it  rise  in  the  opposite 
branch  above  the  zero,  to  an  elevation 
proportional  to  the  excess  of  elasticity  or 
of  heat.  Sulphuric  acid  is  chosen  as*  the 
liquor  best  adapted  to  the  purpose;  be- 
cause it  is  not  vaporizable,  and  conse- 
quently does  not  by  its  vapor  aft'ect  the 
pressure  of  the  air'  above  it.  The  car- 
mine is  used  to  render  it  more  easily 
visiVjIe. 

DIGESTER  is  the  name  of  a  strong 
kettle  or  pot  of  small  dinicnsions,  made 
very  strong,  and  mounted  with  a  safety 
valve  in  its  top.  Papin,  the  contriver  of 
this  api>aratus,  used  it  for  subjecting 
bones,  eartilajres,  Ac.,  to  the  solvent  ac- 
tion of  hitrh-pressure  steam,  or  hicrhly 
heated  water,  whereby  he  proposed  to 
facilitate  their  digestion  in  the  stomach. 
This  eontrivancv  is  the  orif^in  of  the 
Fivnch  cookery  pans,  called  autochces^ 
because  the  lid  is  sell-keyed,  or  becomes 
steam-tiirht  by  turninir  it  round  under 
elamjis  or  eai*s  at  the  sides,  having  been 
]>revio»\-*lv  irround  with  emery  to  fit  the 
edL^e  of  tlie  pot  exactly.  In  sonic  auto- 
claves the  lid  is  merely  laid  on  with  a 
fillet  of  linen  as  a  lute,  and  then  secured 
in  its  ]ihuv  by  means  of  a  screw  bearing 
down  upon  its  centre  from  an  arched  bar 
above.  The  safety  valve  is  loaded  either 
by  a  wciirht  ])laced  vertically  upon  it,  or 
by  a  lev*.-!'  ot  the  second  kind  pressing 
near  its  fulcrum,  and  acted  upon  by  a 
weiL'lit  which  may  be  nuide  to  bear  upon 
any  junnt  of  its  graduated  arm. 

Chevrenl  has  made  a  useful  application 
of  the  dik'^cster  to  vct;etal'le  analysis.  His 
instrument  consists  of  a  stroncr  copper 
cylinder,  into  which  enters  a  titrht  cylin- 
der of  silver,  havine  its  edge  turned  over 
at  riijht  nnirles  to  the  axis  of  the  cylinder, 
so  as  to  form  the  rim  of  the  diL'estcr.  A 
segment  of  a  eojti^er  sphere,  also  lined 
with  silver,  stops  the  ni«erture  oi'  the  sil- 
ver cylinder,  bciiiL'  appiic»l  clost>ly  to  its 
rim.  '  It  has  a  conical  viilvc  piesM-d  with 
a  spiral  sj»rinir.  of  niiy  tU-sired  force,  esti- 
mated by  a  stccl\ard".  This  ^^p^illL'  is  in- 
closed within  a  brass  l>oN  j.ei foiated  with 
four  holes;  which  may  be  M-rewed  into 
a  lapped  orifice  in  the  top  of  the  digester. 
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A  tube  screwed  into  another  hole  serves 
to  conduct  nway  the  condensable  vapors 
at  pleasure  into  a  Woulte's  apparatus. 

DIMITY  is  a  kind  of  cotton  cloth  ori- 
ginoJiy  imported  from  India,  and  now 
manuVactured  in  ^reat  quantities  in  vari- 
ous parts  of  Britam,  especially-  in  Lanca- 
shire. Dr.  Johnson  C4ills  lidimmUy^  and 
describes  it  as  a  kind  of  fustian.  The 
distinction  between  fustian  and  dimity 
seems  to  be,  that  the  former  designates  a 
common  twilled  cotton  cloth  of  a  stout 
fabric,  which  receives  no  ornament  in  the 
loom,  but  is  most  frequently  dyed  at\er 
bein^  woven.  Dimity  is  also  a  stout  cot- 
ton cloth,  but  not  usually  of  so  tiiick  a  tex- 
ture; and  is  ornamciiled  in  the  loom, 
either  with  raised  stripes  or  fancy  fiumres  ; 
is  seldom  dyed,  but  usually  worn  white, 
as  for  bed  and  bed-room  furniture.  Tlie 
striped  dimities  are  the  most  common  ; 
they  require  less  labor  in  weavint^  than 
the  others ;  and  the  mouiitiuir  of  the  loom 
being  more  simple,  and  consequentlv  less 
expensive,  they  can  be  sold  at  much  lower 
rates. 

DIPPEL'S  OIL.  An  empyreumatic 
oil,  produced  during  the  destructive  dis- 
tillation of  bone. 

DIPPER.  A  name  conunonly  given  to 
the  water-ouzel  and  other  species  of  the 
genus  Clu^'luj*. 

DIPPING  NEEDLE.  An  instrument 
for  showing  the  direction  of  the  niULrnetic 
force  of  the  earth.  It  is  a  iiiairiifiic  nee- 
dle, furnished  with  an  axis  at  riL'ht  aiiirles 
to  its  loniTth,  and  pa-^siiiLf  as  exactly  as 
possible  throuL'li  its  centre  ol'  trravity, 
about  which  it  moves  in  a  verrii-al  {.lam". 
When  a  needle  thus  mounted  is  }>lafvd 
anv  where  not  on  the  inaiTuetie  e<|ii:it"r, 
it  r/i/'.*,  or  ]>r»ints  downwards  :  and  if  the 
vertical  plane  in  which  it  moves  <'(»iiicidcs 
with  the  niaLfnetie  nieridian  (which  is  al- 
wavs  known  hv  means  of  a  variation  com- 
piuss),  the  jM>sition  winch  it  assumes 
shows  at  once  the  direction  of  the  inaLf- 
netic  force  ;  and  the  intersection  of  two 
or  more  directions,  ftund  l»y  niakinir  the 
experiment  at  ditferent  places,  in<licates 
the  place  of  the  nuiL'uetic  p'>lc.  Tliomrli 
the  principles  on  which  thedi|>{>intr  needle 
acts  are  ainmdantly  simple,  its  pra'-tical 
construction  is  found  to  he  ex'cecdintrly 
dithcult.  It  must  be  accurately  balanced 
on  its  axis;  the  axis  must  Ik*  phe-e.l  ex- 
actly horizontal;  the  friction  must  he 
diminished  to  tlie  utTno>t  extent  p'>>-->iMe: 
aii<l  the  adjustments  can  only  l.c  m  idr 
when  the  needle  is  pcrtectly  free  tV- .m 
magnetism,  and  also  secure<l  tVoiu    tlie 


effects  of  the  magnetic  inflaenoe  of  the 
earth.  It  must  be  subsequently  magne- 
tized, and  during  this  process  much  car© 
is  required  to  guard  against  derangement. 
The  simple  construction  is  represented 
in  the  annexed  figure.  The  needle  D  d 
consists  of  a  fiat  oblong  piece  of  steel, 
tapering  to  a  point  at  both  ends,  and  hav- 
ing a  slender  cylindrical  axis  passed 
through  ita  centre  of  gravity.  The  axis 
moves  freely  in  circu- 
lar holes  made  in  the 
lateral  horizontal  bars 
II  A,  which  support  a 
vertical  circular  C  C, 
graduated  for  the  pur- 
pose of  showing  the 
inclination  of  the  nee- 
dle  to    the   horizon. 

The  stand  S.  T,  to  which  the  circle  is 
fixed,  is  provided  with  levels,  and  ad- 
justed to  horizontality  by  means  of 
screws.  But  in  the  most  improved  foma 
of  construction  of  the  dipping  needle, 
the  axis,  instead  of  being  a  cylinder,  is  a 
knife  eclge,  resting  perpendicularly,  like 
the  su})ports  of  a  pendulum,  on  two  agate 
planes.  A  needle  thus  supported,  how- 
ever, must  necessarily  make  small  oscil- 
lations ;  consequently  it  must  be  so  ad- 
justed that  when  it  points  in  the  direc- 
tion of  the  mag-netie  torcc,  the  knife  edgea 
may  be  }>er}»endieular  to  the  agate  planes. 
The  mean  value  of  the  angle  of  the  dip 
must  therefore  be  known  previously  to 
its  construction  ;  but  it  is  the  best  adapt- 
ed, on  account  of  its  delicacy,  for  ascer- 
tainiiiL'"  the  minute  variations  of  the  dip 
at  the  same  place.  The  ani;Ie  of  the  dip, 
like  that  ol  the  variation,  changes  its 
value  even  at  the  same  place,  following 
of  coui'se  the  motion  ot  tlie  magnetic 
»ol(S,  which,  tVoin  the  observations  made 
)y  Sconsliv,  Parry,  Ross,  and  others,  in 
hiizh  latitudes,  appear  to  liave  a  motion 
westwaril.  the  annual  amount  of  which  is 
ab(uit  W  4".  In  the  summer  of  l-S)!, 
('ommander  Ross,  in  an  excursion  from 
the  vessfl  in  which  his  party  were  so 
louiT  detained  in  the  polar  seas,  reached 
a  spot  on  the  continent  of  North  Ameri- 
ca, which  had  been  calculated  to  l>e  the 
]»^sition  of  the  mnvrnctic  pole.  There  he 
lound  the  dli<  of  the  needle  to  be  8'J^  .Vy, 
within  one  minute  of  the  vertical;  anfl 
eotn|iass-n»-cdles  suspended  in  the  most 
dciieato  niaiiner  ]>os^il)!e  exhibit  no  ])ol- 
aritv  nii.ile\er.     The  latitude  of  this  spot 
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".'  17"  north,  and  its  loiii^itude  l".  ^ 
'  wot. 


1)1STILLATK»N.      The    evaporation 
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and  Bnbsequent  condenflotioQ  of  Uqaids 
by  means  of  a  «W  and  rttfrigtratory^  or 
of  a  retort  and  reoeitser. 

The  discovery  of  the  art  of  distillation 
is  generally  ascribed  to  the  alchepiists  ; 
bat  it  was  doubtlessly  known  in  more  re- 
mote affes  to  the  Arabians^  and  by  them 
probably  derived  from  nations  farther 
east. 

The  process  of  distillation^  though  in 
continual  use  in  the  chemical  and  phar- 
maoeatical  laboratory,  is  carried  on  upon 
the  most  extensive  scale  for  the  produo- 
tion  of  ardent  spirits  in  the  distilleries. 
Under  the  words  Alcohol,  Brandy,  Fkb- 
MEXTATioN,  WiNE,  <fec.,  will  be  fouud  some 
details  bearing  u(k>u  the  nature,  sources, 
and  production  of  8i>irituous  liquors. 

There  are  two  distinct  operations  in  the 
production  of  ardent  spirits  ;  the  one  is 
the  conversion  of  certain  vegetable  prin- 
ciples into  alcohol ;  and  the  other,  the 
separation  of  the  alcohol  from  the  other 
substances  with  which  it  is  necessarily 
blended  during  its  production. 

All  those  species  of  com  which  are  em- 

Eloyed  in  breweries  answer  for  distil- 
iries ;  as  wheat,  rye,  barley,  and  onts ; 
as  well  as  buckwheat,  and  maize  or  In- 
dian com.  The  product  of  spirits  which 
these  different  j^roins  afford,  depends 
upon  the  proportion  of  starch  they  con- 
tain, including  the  small  quantity  of  un- 
cr}'8talli2able  sugar  present  in  them. 
Ilermstaedt,  who  has  made  exact  experi- 
ments upon  the  subject,  reckons  a  quart, 
^Prubsiau  or  Britisli)  of  spirits,  contain- 
ing 30  per  cent,  of  the  absolute  alcohol 
of  Ricnter,  for  two  pounds  of  starch. 
Hence  100  pounds  of  starch  should  yield 

85  pounds  of  alcohol ;  or  4*875  gallons 
imperial,  eoual  to  7.8  gallons  of  spirits, 
excise  prooi. 

100  pounds  of  the  following  grains 
afford  m  spirits  of  specific  gravity  0.9427, 
containing  45  per  cent,  of  absolute  alco- 
hol, (=  9-11  or  British  proof,)  the  follow- 
ing Quantities : — 

Wneat,  40  to  45  pounds  of  spirits  ;  rye, 

86  to  42 ;  barley,  40 ;  oats,  86 ;  buck- 
wheat, 40 ;  maize,  40.  The  mean  of  the 
whole  may  be  taken  at  forty  pounds, 
equal  to  4^  gallons  imperial,  or  0*9427 
specific  irravit\  =  8*47  gallons,  at  exci-e 
proof.  The  chief  difference  in  these  sev- 
eral kinds  of  com  consists  in  their  differ- 
ent bulks  under  the  same  weight ;  a  mut- 
ter of  considerable  importance  ;  for  since 
a  bushel  of  oats  weighs  little  more  than 
the  half  of  a  bushel  of  wheat,  the  former 
becomes  for  some  purposes  less  conve- 
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niont  in  ase  than  the  latter,  thoogh  it 
affords  a  good  spirit. 

Barley  and  rye  are  the  species  of  grain 
most  commonly  employedT  in  the  Euro- 
pean distilleries  for  making  whiskey. 
On  this  continent  com  and  potatoes  are 
the  chief  materials  used  for  producing 
alcohol. 

The  vegetable  principle  which  is  es- 
sential to  tne  formation  of  alcohol  is  fivgarj 
and  this  is  sometimes  used  directly ^  as 
where  molasses  and  analogous  saccharine 
products  are  subjected  to  immediate  fer- 
mentation ;  or  it  is  indirectly  obtained  by 
subjecting  amylaceous  grains  to  certain 
processes,  bv  which  die  starch  they 
contain  is  nrst  converted  into  sugar, 
and  then  that  sugar  afterwards  alcoho- 
lized. 

In  distilleries  the  latter  alternative  is 
adopted;  and  various  kinds  of  groin,  but 
chiefly  barley,  wheat,  and  rye,  with  more 
or  less  malt,  are  subjected  to  the  opera- 
tion of  masking.  For  this  purpose  the 
ground  groin  and  the  bruised  malt  are 
duly  mixed,  and  infused  under  constant 
agitation  in  a  proper  quantity  of  hot 
water  in  the  mash-tuh;  the  wort  is  then 
run  off,  and  fresh  water  added,  till  the 
soluble  materials  of  the  grain  are  ex- 
tracted. 

In  this  wa>j  the  mixed  worts  or  icash  is 
obtained,  w^hich  is  afterwards  to  be  sub- 
jected to  fermentation ;  but  in  the  dis- 
tilleries of  Great  Britain  the  operator  is 
not,  as  in  the  brewery,  let\  to  his  own 
judgment  or  convenience,  but  enforced 
to  confonn  to  the  excise  laws,  which  are 
of  a  very  peremptory  and  oflen  of  a  very 
unscientinc  character.  By  these  laws 
the  distiller  is  restricted  in  the  density  of 
his  worts  to  specific  gravities  between 
1050  and  1090  ;  and  in  ScotUmd  between 
1030  and  1075.  It  is  presumed  that  as 
those  specific  gravities,  which  are  called 
50  and  90,  and  30  and  75,  the  actual  quan- 
tity of  saccharine  or  saceharifiuble  matter 
contained  in  each  barrel  (or  30  imperial 
gallons)  amounts  respectively  to  from 
47^  lbs.  to  85  lbs.,  and  from  28  lbs.  to 
79  3-10  lbs.  In  this  country  the  distiller 
is  untrammelled. 

When  the  wash  above  alluded  to  is  ad- 
justed ns  to  density,  it  is  run  into  the 
feruieutiiiir  vats,  where,  mixed  with  a 
small  quantity  of  yeast,  it  is  subjected  to 
the  jiroeess  of  fermentation,  which  con- 
tinues fr jni  six  lo  ten  or  twelve  days, 
tlie  time  required  lor  its  eompletioii  vary- 
ing with  the  iiiar<s  of  lifjiiid  and  with  the 
temperature  of  the  atmosphere. 
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Dnritij^  mushing,  as  well  ns  during  fer- 
mentation, the  Rturch  pn^sefl  into  siigar, 
and  the  sugar  into  alcohol ;  the  con^e- 
quence  of  which  is  that  the  wash  gradu- 
ally decreases  in  density  or  attenuaUt ; 
and  iis  soon  as  this  attenuation  has  reach- 
ed its  maximum,  which  may  be  deter- 
mined by  the  hydrometer,  it  should  bo 
distilled,  in  order  to  prevent  the  access 
of  acetous  fermentation. 

In  all  large  distilleries  there  are  two 
sets  of  stills  :  one  for  the  purpose  of  dis- 
tilling from  the  wash  a  weak  t'pirit,  tech- 
nically called  low  win<H ;  and  the  other 
for  redistilling  (or  rectifi/imj)  the  low 
wines.  In  these  distillations  there  passes 
over  along  with  the  first  and  last  p(»rti<)ns 
of  the  spirits  a  peculiar  volatile  oil  of  a 
disagreeable  flavor  and  odor,  and  render- 
ing the  weaker  spirit  milky.  These  por- 
tions are  called ,/<n'/j^^,  and  arc  earetnlly 
turned  into  separate  receivers  as  soon  as 
the  appearance  of  the  runnings  from  the 
worm-end  indicates  their  prcM^ncc. 

The  quantity  of  alcohol  which  may  be 
obtained  from  a  given  qiiaiitity  ot"  suL'ar 
will  depend  upon  the  skill  and'  care  with 
which  nuishing,  fermentati')n,  and  distil- 
lation have  been  respectively  con<liicte<l  ; 
theoretically,  loo  pounds  of  sugar  arc 
convertible  into  ab<»ut  51  of  alcohol  and 
49  of  carbonic  acid.  The  onantity  (»f  al- 
cohol to  be  procured  from  ditlcrent  kinds 
of  grain  will  also  depend  upon  the  satnc 
causes,  an<l  uj)on  the  quantity  ot*  suL'ar, 
and  of  starch  and  trnm  convertible  into 
suirar,  which  each  may  contain. 

Soiiietimo  iiuilt  onlv  is  iisimI  in  the  dis- 
tiliery,  in  which  case  the  disiilKr  eaUu- 
lates  in  oV)tainiiig  two  ijiilloiis  (»!"  whiNktv 
of  proof  stren«_'tli  froiii  e:uh  bii-hcl  of 
malt.  In  some  distilleries  ns  in'ieh  as 
i']oo.)  (jall«'ns  |.er  da\  aie  jm-iliuvd.  and 
the  worm  of  the  still  is  [tasked  into  the 
body  of  a  second  still.  s«»  that  the  ln-:it 
arisiiiiT  from  the  eonden>ali(  n  in  the 
w<»ijn  raises  the  tem|ieratnrc  in  the  second 
still,  and  thus  cconninix'N  tncl. 

There  is  a  kind  of  Mrd«-nt  >j-irils  innn- 
ufMctured  in  Ilojliuid,  vuIlmiIv  called 
l>ut<-h  L'in.  Hollands,  nnd  ^"'nirt inus 
mil' 111,  from  ii<hn>r>,  the  Flilh'li  for 
juniper,  a  jtlaiil  with  the  i<st  iitial  oil  ot" 
wh<»>e  licrrii'-^  it  is  tla\orcd.  ()iic  cut. 
of  trround  nialr  nii\c(l  with  two  <\\t>.  of 
rye  meal  are  ma^iicd  tor  two  hoiir-^.  with 
about  t'l''  i/allons  of  water  at  the  temier- 
ature  ot'l«'io'  F.  The  jua-li  drawn  ojf  i.. 
rcdu'-cd  witli  c"ld  water  till  the  li.|uid 
part  has  the  density  ol' -l.'i  lb-,  p,  r  Imi  i-(  I. 
—  .-pccifti-  L'l'avity  l-o47:  and  i- then  ]'iit 
altogether    into   the    tenncntinLT   hack   at 


the  temperature  of  80°  F.  One  or  two 
gallons  of  yeast  are  added.  The  fermen- 
tation soon  becomes  so  vigorous  as  to 
raise  the  heat  to  9u^  and  upwards,  but  it 
is  not  4>nshed  far,  being  genenilly  over 
in  two  days,  when  the  gravity  of  the 
wash  still  indicates  12  lbs.  of  saecharnm 
per  ban*el.  By  this  moderate  attenua- 
tion, like  that  practised  bv  the  contra- 
band distillers  of  the  Highfands  of  Scot- 
land, it  is  supposed  that  the  fetid  oil  of 
the  husks  is  not  evolved,  or  at  least  in 
very  small  quantity.  The  grains  are  put 
into  the  alembic  along  with  the  liquid 
wash,  and  distilled  into  low  wines,  which 
are  rectified  twice  over,  some  juniper  ber- 
ries and  liops  being  added  at  the  last  dis- 
tillation, liut  the  junipers  are  some 
times  bruised  and  put  into  the  mnsh. 
The  produce  of  worts  so  imperfectly  fer- 
mented, is  probably  little  more  than  one 
half  of  what  the  liritish  distiller  draws 
from  the  snme  quantity  of  grain.  But 
the  cheapness  ot  labor  and  of  grain,  as 
well  as  the  superior  flavor  of  the  Skie- 
dam  spirits,  enables  the  Dutch  distiller 
to  carry  on  his  business  with  a  resjH*cta- 
ble  profit.  In  opposition  to  the  above 
facts,  Dubrunfaut  says  that  about  one 
third  more  spirits  are  obtained  in  Hol- 
land from  trniin  than  in  France,  because 
a  very  calcareous  spring  water  is  em- 
jiloyed  in  the  mashing  operatitm.  Were 
this  a<'eount  well  foundeci,  all  that  the  dis- 
tillei-s  of  other  countries  would  have  to  do 
would  be  merely  to  introduce  a  jx)rtion  of 
chalk  into  their  nuish  tubs,  in  order  to 
be  on  a  ]iar  with  the  Dutch.  But  the 
statement  is  altogether  a  mistake. 

In  the  vine  cruintries,  the  inferior 
wines,  or- those  damaifcd  by  keeping,  as 
aUo  a  fermented  mash  of  the  ]>ressed 
L'ra)«e>,  mixed  with  water,  are  distilled  to 
form  the  i<ih  iI'  rif  Jf  Ooinic  of  the 
French,  called  Frandy  in  this  conntr}-. 
It  contains  le-is  essential  oil,  and  that  \^i 
a  UH'rc  aLfrccal'lc  lhivr>r,  than  com  spirits. 

f ft  iiiiikniij  iiiiisktij  fimn  jh>(4i(itts. — 
This  roof,  in  i-ertain  localities  Avherc  it 
al'ounds  at  a  moderate  price,  is  an  ex- 
cellent material  lor  fcrmentinL'  into  nl- 
eohdl.  Wlii-n  Sound,  it  p"S^esses  from 
L'"  to  L'.".  jM-r  cent,  of  solid  suh->tanci'.  of 
wl'ieli  -tareh  con-stitntes  at  lea'-t  thrce- 
f"iii-tlis:  lietiee  loo  p.. uiui-*  contain  from 
It",  to  L"J  jionnds  ot'  stari'h  sn>cc]«til«le  of 
b(  iiiL.'     saet-hal  itled.         In     the     e\)'re>>ed 

juice  there  is  a  >mall  quantity  of  tartaric 
acii.l. 

As  I'i'tato,-;  reatlil\  j-ass  into  the  j;co- 
toii>  li  1  mentation,  the  admixlure  of  the 
malt,  ti.e  ma-hiiiLT  aihl  the  Co- .linsi"  should 
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be  rspidly  performed,  while  the  utmost 
cleanliness  most  be  observed. 

The  fenncntatiou  is  brisk,  probably 
from  the  agency  of  the  albumen,  and  fur- 
nishes a  ffood  liead  of  barm,  which  an- 
swers wcfi  for  the  bakers ;  100  pounds 
of  potatoes  yield  from  18  to  20  pounds 
measure  of  spirits,  nine-elevenths  of  our 
excise-proof;  or  about  16  pounds  mea- 
sure or  proof  =  about  If  gallonB. 

It  has  been  observed  that  after  the 
month  of  December  potatoes  bejrin  to 
yield  a  smaller  product  of  fermented 
spirits ;  and  when  they  have  once  Hpront- 
ed  or  germinated,  they  nfFord  verj'  little 
indeed.  From  the  difficulty  of  keeping 
and  transporting  potatoes,*  distillntion 
lh)m  them,  can  never  become  general  till 
some  plan  be  adopted  for  overcoming 
these  aisadvantages. 

When  acetic  ether  is  added  to  well  pu- 
rified or  clean  spirits,  such  as  the  dibtil- 
lers  call  silent  whiskey,  it  gives  it  some- 
what of  the  flavor  of  bnmdy.  For  this 
purpose,  also,  the  spirits  are  rectified 
th>m  bruised  prunes,  or  the  lees  of  the 
cognac  distilleries,  whereby  they  acquire 
additional  flavor.  The  astringent  taste 
of  old  brand V  is  imitated  by  tjic  uitnv 
duction  of  a  fittlc  catechu  into  the  British 
spirits.  Burned  sugar  is  employed  as  a 
coloring  in  these  imitations.  Butyric  ether 
gives  a  pine-apple  flavor. 

DIVING  BELL.  An  apparatus  by 
means  of  which  persons  are  let  down 
and  enabled  to  remain  under  water,  and 
execute  various  operations  :  such  as  le- 
velling or  clearing  the  b^>ttouis  of  Imr- 
bors,  preparing  a  foundation  for  build- 
ings, bringing  up  sunken  niatorinls,  See, 
The  principle  of  the  diving  IkII  depends 
on  the  impenetnihility  of  atmospheric 
air,  and  may  bo  illustrntod  by  a  vcrj-  fa- 
miliar experiment.  Bring  the  eds^^  of 
an  inverted  tumbler,  or  any  close  vessel, 
to  the  surfiace  of  water,  and,  keepinsr  the 
mouth  horizontal,  press  it  down  in  the 
water.  It  will  be  seen  that,  thou<rh 
some  portion  of  water  ascends  into  tlie 
tumbler,  the  greater  part  of  the  space 
remains  empty,  or  onfv  filled  with  air; 
and  any  object  plaeecl  in  this  spa'^c, 
though  surrounded  on  all  sides  with 
water,  would  remain  perfectly  drj'.  In 
fact,  the  quantity  of  air  remains  the 
same,  but  it  is  compressed  into  a  smaller 
vfrluine,  in  proportion  to  the  di*pth  to 
which  it  is  made  to  descend.  Isow.  if 
wo  conceive  a  vchs<'I  of  wood  or  iron, 
Mjtficicntly  capacious  to  hold  several  men, 
to  be  suspenaed  by  a  chain,  and  lowered 
by  means  of  weights  attached  to  it,  to 


an^  moderate  depth  under  water,  it  u 
evident  that  they  may  remain  there  for  a 
considerable  time,  and  perform  any  ope- 
ratioa  that  could  be  executed  on  land  in 
the  same  confined  space.  The  machine, 
however,  as  thus  aescribed,  is  liable  to 
two  great  defects,  which  must  be  obvi- 
ated by  other  contrivances  before  any 
^reat  advantage  can  be  derived  from 
it.  In  the  first  place,  as  the  air  by  its 
compressibility  allows  the  water  to  enter 
the  lower  part  of  the  bell,  the  drv  space 
is  not  only  diminished,  mit  the  bottom 
on  which  the  bell  rests,  ond  where  the 
ojMjrations  are  to  be  carried  on,  is  also 
covered  with  wat«r  to  a  proportional 
depth.  In  the  second  place,  the  air 
within  the  bell,  by  repeated  respiration, 
Boon  becomes  mephitic,  and  unfit  to  sup- 
port life ;  so  that  it  is  necessary  to  ele- 
vate the  apparatus  after  short  intervals, 
to  admit  a  fresh  supply. 

It  is  not  known  at  what  period  the 
diving  bell  was  invented.  Beckmann,  in 
his  Hii<tori/  of  Jnvention^^  mentions  that 
at  Toledo,  in  the  sixteenth  century,  two 
Greeks,  in  the  presence  of  the  etnperor 
Charles  V.  and  several  thoustmd  specta- 
tors, let  themselves  down  under  water 
in  a  large  inverted  kettle  with  a  burning 
light,  and  rose  again  without  being  wet. 
(icor^e  Sinclair,  the  author  of  Satan^ 9  In- 
rhiib/<'  World  I>U]dayfd,  in  his  work  en- 
titled At'H  Is'ora  et  Mafjrui  Gravitati«  et 
L<-i'itatU,  mentions  some  attempts  that 
were  made  about  1CG5  to  raise,  by  means 
of  a  diving  bell,  the  treasure  from  the 
shijts  of  the  Invincible  Armada  that  went 
to  the  bottom  near  the  Isle  of  Mull  in 
the  Hebrides,  and  describes  the  kind  of 
bell  that  was  employed.  But,  on  account 
of  the  (Uftcts  to  which  we  have  alluded, 
the  divintf  Vxll  crmlinued  to  be  of  very 
little  use  till  the  time  of  Dr.  Ilalley,  who 
contrived  a  means  of  introducing  fresh 
air  into  the  bell  while  under  water,  and 
of  r.llowing  the  mephitic  or  breathed  air 
to  esoujx*.  The  bell  he  made  use  of  he 
describes  as  havintr  been  of  wood,  con- 
taining al)out  60  cubic  feet  in  its  cavity, 
and  of  the  fonn  of  a  truncated  com-, 
whofM?  rliameter  at  the  top  was  three 
feet,  and  at  the  bottom  five.  This  was 
coated  with  lead,  so  heavv  that  it  could 
sink  empty,  ana  the  wefitrht  so  distri- 
buted about  its  bottom  that  it  could  only 
descend  in  a  ]K*rpcndieular  direction. 
In  the  top  a  clear  trlass  wan  fixed,  to  let 
in  the  liirlit  from  above,  an»J  a  eoeU  to  let 
out  the  air  that  had  Ixen  breathed.  To 
supply  the  air  to  the  bell  he  eansed  a 
couple  of  barrels,   of  about  86  gallons 
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each,  to  be  cased  with  lead  ao  as  to  sink 
empty,  each  of  Ihem  liaving  a  bung-hole 
in  Its  lowest  part,  to  let  in  the  water  as 
the  air  in  them  condensed  on  their  de- 
scent, and  to  let  it  out  again  when  they 
were  drawn  up  full  from  below.  To  a 
hole  in  the  uppermost  part  of  the  barrels 
a  trunk  or  hose  was  fixed,  long  enough 
to  fall  below  the  bung-hole,  ond  kept 
down  by  a  weight,  so  that  no  air  could 
escape  by  the  hose  till  its  end  was  ruised 
up.  The  barrels  thus  prepared  were  let 
down  by  the  side  of  the  bell.  A  man 
stationed  on  a  stuge  suspended  from  ihc 
bell  was  ready  to  take  up  the  hose  ;  and, 
as  soon  as  their  ends  were  brought  to 
tJie  surface  of  the  water  in  the  barrels, 
all  the  air  that  was  included  in  the  upjicr 

f)arts  of  them  was  blown  with  great  vio- 
ence  into  the  bell,  while  the  water  en- 
tered at  the  bung-holes  below  and  tilled 
the  barrels.  By  means  of  this  contriv- 
ance the  air  was  not  only  kept  fresli,  but 
another  great  advantiige  was  guiiied : 
namely,  that  by  admitting  a  sutliiieiit 
quantity  of  it  the  whole  of  llie  water  was 
expelled  from  the  inside  of  the  bell,  and 
the  bottom  of  the  sea  laid  dry. 

By  means  of  this  contrivance  for  the 
admission  of  fresh  air,  it  was  now  ]M'S- 
sible  to  remain  for  any  lenirth  of  time 
under  water;  but  the  use  of  the  appara- 
tus was  still  found  to  be  attendoa  with 
some  inconveniences,  and  even  consider- 
able danger.  The  divers  witliin  the  bill 
having  no  power  over  it,  its  ri-ing  or 
sinking  dei)ends  entirely  upon  tlie  jk-o- 
ple  at  the  surface  of  the  water;  and  as 
the  bell,  even  when  in  the  \\at(r,  li:is  a 
considerable  weight,  there  is  iiluays  a 
possibility  of  the  ehain  by  wliioh  it  is 
raised  breakinL'.  which  woiihl  inevitably 
be  attended  with  the  deslnution  <jf  the 
divers.  Another  danger,  still  nwie  to  be 
ftpprehentled,  is,  that  if  the  nioiuh  oltlie 
bell  in  its  descent  shoiiKl  eome  upon  a 
sunken  ship,  or  a  rc»ek  jtrujietinir  ab- 
ruj>:ly  from  the  bottom,  it"  inii.'lit  be 
overset  before  any  siLMial  eouM  ]n-  iriven 
to  tllo^e  above.  Tli('>e  defects  were  ob- 
viated by  the  \ery  ini:«-nioii-  <c»ntri\  an(  es 
of  Mr.  SntiMinir  of  Kilinl>nri:li.  In  or.hr 
to  avoitl  the  ri>k  of  Vtein^''  uj-set  when 
the  bell  t,les<-eiids  on  a  roeky  or  uni\iii 
bottom,  he  su>pended  a  «-o!i>idenil>le 
Weiirht,  whi«'h  i:'  eallrd  a /'('^<'//'v  ir,,iil,f, 
below  the  bell,  by  a  rope  p;i>sinL:  over  a 
pulley  lixed  in  the  inside  ;  ;'nd  tiie  other 
weiirlits  attached  to  the  l^ell  lu  iiMj  >.• 
O'ljusted  that  thev  could  not  sink  it 
without  tlie  balance  MeiLdit.  as  soon  as 
the  latter  rested  on  the  jroiiud  the  IkII 


remained  suspended  in  the  water.     In 
case  of  the  month  of  the  bell   being 
caught   by    any    obstacle,    the    balance 
weight  is'  immediately  lowered,   till  it 
rests   on  the  bottom;  and  as  the  bell, 
when  thus  relieved,  is  buoyant,  the  di- 
vers, having  disengaged  it  from  the  rock, 
have  it  in  their  power  either  to  descend 
by  pulling  in  the  rope,  or  by  allowing  it 
to  nm  to  ascend  to  the  surface.   Another 
contrivance    of   Mr.   Spalding    deserves 
mention.    He  divided  the  bell  into  two 
compartments,  the  one  above  the  other, 
and  communicating  by  means  of  a  stop- 
cock.    The  divers  are  stationed  in  the 
lower  one,  and  the  weights  are  so  ad- 
justed  that  when  the  cavity  above   is 
empty  the  bell  is  buoyant ;    when  it  is 
filled'with  water,  the  bell  sinks.     Imme- 
diately above  the  partition  are  some  slits 
in  the  sides  of  the  bells;  and  at  the  top 
is   an   oritiee,   which   can  be  opened  or 
shut   at  pleasure.      Suppose   now,   this 
oritiee  benig  open,  the  bell  is  required  to 
be   lowered ;    as  it  descends,   the  water 
enters  at  the  slits,  and  the  air  escapes  by 
the  orifice.     When  the  a]>parat\u^  is  en- 
tirely under  water,  and  tlie  cavity  conse- 
i|uently  completely  fille<l,   let  the  oritiee 
be  shut.     Tre  bell  will  now  continue  to 
descend  ;  but  if  the  stopcock  communi- 
eatintr  with  the  upper  compartment  be 
oj'cned,  the  air  will  rush  tVoni  the  under 
to  the   upper,  and  displace  a  quantity  of 
the    water,    and    the   aj'paratus   will    \yQ 
liv'htencil  by  the  whole  of  the  water  so 
di>i>laced.      The 'divers  have  it  thus  in 
their  ]»ower  to  reirnlate  the  descent    or 
rise  as  they  please.     By  admitting  a  cer- 
tain »|u:intity  of  air  into  the  U)>}H'r  cavity, 
the  dc-ccnt   of  the  bell   is  arrestcii ;    by 
admittiiiL''  a  'jrenter  quantity  it  becomes 
buo\;int,  and  rises  to  the  top.     This  nie- 
tliotl  of  <(.nstructing  the  diving  bell  has 
not,  howe\er,  been  adopted. 

The  u'reat*  st  ini)>rovenient  on  the  div- 
in<_'  btll,  since  that  of  llallev,  was  n.ade 
b\  the  celeitnited  Mr.  Snu-aton,  nnd  con- 
>i-ts  in  toreiiiir  down  a  continued  stream 
of  :iir  by  nienns  of  nn  air-ptinip  through 
a  tlexibh- tui  e  ;  jmd  this  jH:!!!  is  now  al- 
\\ii_\s  juloptid.  In  the  year  ITss,  Sniea- 
ti'ii  cunstrn<  ted  a  diviiii.'  bell  to  be  use<.l 
iji  the  operations  then  conlein])lated  at 
li;ini>Lrate  h:irl'«.r  on  a  newjind  iinj^roved 
]'l;in.  In>ti!id  ol'  a  bell-shiiped  vessel 
>unk  by  weii/hts,  hi'>  ap]'aratii>  consisted 
ot'a  sijiiire  i-liesl  of  e;ist  iron,  fo\ir  nnd  a 
l.iilf  f<ct  loiitr,  t'oiir  jin<l  a  hnlf  feet  bi^b, 
an<l  three  l"ret  wit!e,  all'ordintr  sutticient 
r.  oni  t'nr  tw(i  men  under  it.  It  wa**  ciisl 
of  siuh  a  liiii-knos  that  its  own  weiiibt 
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WW  snflldent  to  sink  it ;  and  its  thick- 
ness was  greatest  near  the  mouth  or 
lower  part,  to  prevent  it  from,  being 
easily  overset.  This  construction  of  the 
diving  bell  ^ave  the  men  within  it  no 
power  of  raising  or  sinking  it ;  bat  as 
the  apparatus  was  made  to  oe  used  at  a 
place  where  the  nature  of  the  bottom 
was  known,  this  advantage  was  Dot  con- 
sidered of  greut  consequence ;  aud^  in 
fact,  it  is  found  by  experience  that  it  is 
better  to  leave  the  bell  to  be  entirely 
guided  from  above.  On  account  of  the 
facility  with  which  water  conveys  sound, 
the  strokes  of  a  liammcr  on  the  inside  of 
the  bell  can  be  heard  at  a  great  distance  ; 
and  the  sound  oominff  through  the 
water  Ims  a  peculiar  oharactefj  which 
cannot  be  mistaken.  By  previous  ar- 
ninffcuionts  any  directions  can  be  given 
in  this  manner.  For  instance,  one  blow 
may  denote  more  air ;  two,  stand  fitst ; 
three,  heave  up ;  four,  lower  down,  and 
so  on.  With  tiier^e  successive  improve- 
ments, the  diving  bell  is  found  to  be  a 
most  important  mocliine  in  all  the  great 
operations  to  be  performed  under  water. 
It  was  used  with  greui  advantage  by  Mr. 
Ronnie  in  the  construction  of  the  various 
harbors  he  projected ;  and  it  has  recently 
been  successfully  employed  in  deepening 
the  Clyde  between  Glasgow  and  (ircen- 
ock,  and  Improving  the  condition  of  the 
river. 

DIVING.  The  art  of  descendinsr  in 
water.  Independently  of  the  valuable 
native  productions  which  are  found  at 
the  bottom  of  the  sea,  such  as  pcnrlA, 
coral,  sponges,  Ac,  the  treanurc  which 
is  so  frequently  carried  down  in  wrecked 
ve;«s*cls  makes  it  an  object  of  im]wrtance 
to  be  able  to  descend  to  the  lH)ttoni  and 
remain  there  long  enough  to  execute  the 
operations  necessary  to  recover  it.  But 
without  the  ossititance  of  some  mechsni- 
cal  apparatus,  it  is  extremely  little  that 
even  tlie  most  practised  divers  can  per- 
fonn.  A  minute  and  a  half,  or  two 
minutes,  is  the  longest  time  that  a  diver, 
in  Grencrul,  can  remain  under  water.  Be- 
sides, on  Bcoount  of  the  loss  of  weight  in 
water,  the  power  which  a  man  can  exert 
is  extremely  small,  unlcns  bonie  down 
bv  a  load  which  would  entirely  prevent 
him  from  rising  again  to  the  top.  For 
these  reasons,  numerous  projects  have 
been  brought  forward  to  assist  the  natural 
powers  of  the  body,  ond  render  diving: 
an  art  of  more  extensive  utility.  In  all 
these  projects,  the  principol  object  aimed 
at  is  to  supply  the  diver  with  fresh  air 
and  light,  and  leave  him  the  free  use  of 


his  arms,  and  the  power  of  walking 
within  a  moderate  range  at  the  bottom. 
Borelli  contrived  an  apparatus  which  he 
called  a  diving  bkdder;  the  bladder  be- 
ing  of  brass  or  copper,  about  two  feet  in 
diameter,  to  contain  the  diverts  head, 
and  fastened  to  a  goat-skin  covering  ex- 
actly fitted  to  the  shape  of  the  head.  An 
apparatus  of  this  kind  wtts  successfully 
xwcd  by  Mr.  Deano  on  the  west  coast  of 
Scotland,  at  Spithead.  and  at  Donagha- 
dee,  where  he  brougut  up  an  immense 
number  of  dollars  and  various  other  ar- 
ticles fVom  a  vessel  which  had  been 
wrecked  there  more  than  thirty  years 
before. 

The  principal  part  of  Mr.  Deane^s  ap- 
paratus consists  of  a  helmet  of  thin  sheet 
copper,  wliich  covers  the  head  of  the 
diver,  large  enough  to  admit  of  free  mo- 
tion, and  furnished  with  three  eve-holes, 
covered  with  glass  protected  ))y  brass 
wires.  The  helmet  comes  pretty  well 
down  over  the  breast  and  back,  and  is 
fiisteucd  by  rivets  to  a  waterproof  can- 
vass jacket  so  tightly  that  no  water  can 
penetrate.  A  leather  belt  passes  round 
the  diver,  to  which  are  attached  two 
weights,  one  before  and  the  other  be- 
hind, each  about  40  lbs.  The  belt  is 
supplied  with  a  buckle  in  front,  which, 
in  case  of  any  accident  happening,  can 
be  instantly  undone.  The  diver  is  sup- 
plied with  fresh  air  by  means  of  a  flexi- 
ble water-proof  pipe,  which  enters  the 
helmet,  and  communi- 
cates with  an  air-pump, 
wrought  above  m  the 
barge  from  which  he  de- 
scends. Tliis  pipe  pas- 
ses under  the  Ictl  arm 
of  the  diver,  and  enters 
the  back  of  the  helmet, 
being  so  contrived  that 
the  fresh  uir  is  made  to 
impinge  on  the  glasses ;  which  in  a  great 
niciusure  prevents  their  being  dimmed  by 
the  moisture  of  the  breath.  From  the 
back  part  of  the  helmet  there  is  also  led 
an  eduction  pipe,  to  allow  the  escaj^je  ot 
the  breathed  air.  A  single  line  passes 
under  the  right  arm  to  communicate 
with  attendants  at  the  surface.  The 
diver  descends  from  the  side  of  the  ves- 
sel, either  bv  means  of  a  roiMj  or  wooden 
ladder,  loaded  ot  the  lower  end,  the 
weight  being  kept  at  a  little  height  above 
the  ground.  \\  hen  the  diver  descends 
to  the  bottom,  the  wciprht  is  let  down, 
and  the  rope  allowed  to  become  slack,  to 
prevent  the  motion  of  the  boat  from  ob- 
structing him.     His  motion  is  rendered 
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steady  by  hoavy  weights  attached  to  his 
feet :  and  ho  carries  a  line  in  his  hand, 
that  he  may,  when  necessary,  guide  him- 
self back  to  the  rope.  A  waterproof 
dress  covers  his  body  entirely ;  and  ho  is 
thns  enabled  to  remain  under  water  five 
or  six  hours  at  once,  all  the  while  per- 
fectly drv. 

DIVISIBILITY.  The  property  which 
all  bodies  possess  of  being  sepiira'ble  into 
parts.  It  was  a  question  formerly  much 
agitated  amouj^  philosophere,  whether 
matter  is  divisible  in  infinitum  /  or 
whether  a  certain  term  does  not  exist 
beyond  which  the  particles  arc  reduced 
to  simple  atoms  incapable  of  further  di- 
vision. The  question  is  incapable  of  di- 
rect solution,  and  fortunately  is  of  no 
importance  to  science ;  but  the  extent  to 
which  the  actual  subdivision  of  bodies 
has  been  carried  in  many  cases  in  the 
arts  may  well  be  considerea  as  prodigious, 
"  In  the  jjilding  of  buttons,  5  grams  of 
gold,  which  is  applied  ns  an  nmalpram 
with  mercury,  is  allowed  to  each  ^ross  ; 
so  that  the  coating  left  must  amount  to 
the  110,000th  part  of  an  inch  in  thick- 
ness. If  a  piece  of  ivory,  or  white  satin, 
be  immersed  in  a  nitro^muriatc  solution 
of  gold,  and  then  exposed  to  a  current 
of  hydrogen  gas,  it  will  become  covered 
with*  a  surface  of  gold  hardly  exceeding 
in  thickness  the  ten-mill ionih  part  of  an 
inch. 

"The  solution  of  certain  saline  bodies, 
and  of  other  colored  substances,  exhibits 
a  prodiijious  subdivision  and  disscmiiia- 
tion  of  matter.  A  sindo  grain  of  tlio 
sulphate  of  copper,  or  blue  vitriol,  -svill 
coinnuiuicate  a  tine  azure  tint  to  live  <:al- 
lons  of  water.  In  this  case  the  copper 
must  bo  attenuated  at  least  ten  inilhon 
times;  yet  eacli  drop  of  tlie  liquid  may 
contain  so  many  colored  particle?,  dis- 
tiiiLniisluiblc  \>y  our  unassisted  vi>i(»n. 
Odors  are  capable  of  a  still  wiiler  ditfu- 
sion.  A  sinirle  irrain  of  inu.?!v  has  been 
known  to  jH-rfinne  a  room  lor  the  s]>aee 
of  twenty  years.  Animal  nuitter  like- 
wise exhibits  in  many  instances  a  won- 
derful subdivision.  The  milt  of  a  cod- 
fish wln-n  it  beL'iiis  to  luitrcly  ]ia<  bfcn 
compute<l  to  contain  a  ]>illion  fvf -jH-rtV-ct 
insects,  so  tiiat  thousrmds  (tf  these  liviuL' 
creatures  could  be  lifted  (in  the  ju.im  (tf 
a  needle.  Hut  the  infusory  aniinalcnles 
display  in  their  structure  and  tntictions 
the  most  tran-»ivndant  altenniition  of 
lUJitter.  Tlic  I'/f/to  iihihtlii,  f"iiiid  in 
dnek  weed,  is  eoniputcd  to  be  ten  tlion- 
sand  million  tinu-s  smaller  than  a  hemp 
seed.     The   Vihrut  ll/ifoltt  occurs  in  veirc- 


table  infusions,  every  drop  containing 
myriads  of  these  oblong  points.  The 
Monas  gelatinosa^  discovered  in  ditch  wa- 
ter, appears  in  the  field  of  a  microscope 
a  mere  atom  endued  with  life,  millions 
of  them  playing  like  sunbeams  in  a  single 
drop  of  liquid." 

rfoCIMASTIC  ART.  The  art  of  as- 
saying minerals  or  ores,  with  a  view  of 
determining  the  quantity  of  metal  which 
they  contain. 

l30CK.  An  artificial  basin  for  the  re- 
ception of  ships.  Docks  arc  of  two  sorts, 
wet  and  dry:  the  former  are  used  for 
the  purpose  of  loading  and  unloading  a 
ship  8  cargo  out  of  the  influence  of  the 
tide,  and  are  constructed  with  gates, 
which  when  shut  keep  the  ship  con- 
stantly on  float  at  low  water ;  the  latter 
are  intended  for  the  building,  repairing, 
or  examination  of  ships,  which  ai(  ad- 
mitted into  them  at  nood  tide,  and  are 
so  called  because  they  are  either  left  drtf 
by  the  ebbing  of  the  sea,  or  rendered  so 
by  the  use  of  great  flood  gates  or  of 
pumps.  A  naval  dock  is  a  place  provided 
with  all  sorts  of  naval  stores,  timber, 
and  all  the  requisite  machinery  for  ship- 
building. 

DRAGON'S  BLOOD  is  a  resinous 
substance,  which  comes  to  us  sometimes 
ill  small  balls  of  the  size  of  a  pigeon's- 
ejrir,  sometimes  in  rods,  like  the  finger, 
and  sometimes  in  irregular  cakes.  Its 
color,  in  lump,  is  dark  brown  red ;  in 
powder,  bright  red :  friable  ;  of  a  shining 
fracture;  sp.  gruv.,  1'190.  It  contains  a 
little  benzoic  acid,  is  insoluble  in  water, 
but  dissolves  readily  in  alcohol,  etlier, 
and  oils.  It  is  brought  from  the  Eiist 
I  li'dies,  Africa,  South  America,  as  the 
produce  of  several  trees,  tlie  Draca  na 
/>ra'\>,  the  Pfr?ocat'pus  mut'iliTu/jty  the 
J*trntt'arj.ni8  JJraco,  and  the  Calamifx  li,}- 
taitn. 

Dracron's  blood  is  used  chiefly  for 
linrrcin^'  spirit  and  turpentine  vaniishe<i, 
for  }irei)annjj  crold  lacker,  for  to(»tli  tinc- 
tures and  powders,  for  stainiii;^  marble, 
iVc,  Aceordinir  to  Ilerbeuirer,  it  consists 
of  ".'-oT  parts  of  red  resin,  'J  of  fat  oil.  oof 
l)en/oic  acid.  TG  of  oxalate,  and  o'T  of 
p}i"s]»hate  ol'lime. 

DIJAINING.  The  art  of  freeinc:  the 
snrf;u-e  of  tlie  soil  from  su})erl]uous  wa- 
ter, considered  with  refcrenee  to  culti- 
vated veiretables.  and  tlie  health  of  man 
and  Miiinials.  ANatcr  may  become  super- 
tluous  by  beini;  collected  in  the  natural 
hollows  on  the  surface,  and  thus  fi>nn- 
\\\vt  boi,^s  ;  by  beinir  retained  in  the  sur- 
face stratum,  in  consequence  of  a  retcn- 
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live  Bubeoil :  or  by  oozing  throngh  a 
moist  Bub^oil  to  the  Bnrface  Btratum,  in 
consequence  of  Rnpplies  t^oin  subter- 
raneous sources.  Wuter  collected  in  bogs, 
or  marshy  places,  remains  there,  because 
it  has  no  natural  outlet,  neither  by  an 
opening  or  hollow  along  the  natural  sur- 
face, nor  by  the  porosiiy  of  the  subsoil, 
in  consequence  ot  which  the  water  might 
sink  into  it  and  disappear.  The  obvious 
mode  of  draminj^  in  the  first  case  is  by 
a  trench  or  dram,  so  deep  as  to  draw 
the  water  from  the  lowest  parts  of  the 
hollow,  bog,  or  marsh.  Where  water  is 
retained  in  the  surface  soil  in  conse- 
quence of  a  retentive  subsoil,  as  in  the 
cane  of  clays  and  many  loams,  the  most 
effective  mode  is  to  cut  a  number  of  small 
drains  parallel  to  and  at  short  distances 
from  one  another;  and  by  the  tops  of 
these  drains  reaching  withm  an  inch  or 
two  of  the  bottom  of  the  surface  soil, 
which  in  cultivation  is  turned  over  by 
the  plough,  they  absorb  the  superfluous 
water  that  passes  throujrh  this  soil  and 
carry  it  offT  Or,  should  the  land  be  in 
pasture,  the  tops  of  the  drain  should  be 
brought  within  an  inch  or  two  of  the 
grassy  surface,  so  as  to  intercept  the 
water,  both  oozing  laterally  from  the  sur- 
face soil,  and  vertically  from  among  the 
leaves  of  the  grass.  It  may  be  observed 
also  that  posture  lands  on  this  descrip- 
tion of  retentive  soil  may  bo  more  rea- 
dily drained  when  laid  mto  ridges,  and 
an  underground  drain  fonncd  under  each 
furrow  or  surface  drain.  This,  however, 
is  not  essential  ;  and  though  furrows  or 
surface  drains  would  be  no  deformity  in 
field  culture,  yet  in  lawns  and  parks  the 
appearance  of  farrows  would  destroy  the 
ct>utinuity  and  evenness  of  surfnce,  whioh 
in  lawns  is  one  chief  source  of  beauty. 
To  drain  the  surface  soil,  where  it  is 
supplied  by  water  from  tiio  subsoil,  re- 
quires some  knowledire  of  the  strata  of 
which  the  subsoil  is  composed.  Introne- 
ral  the  strata  comr>osii)«r  the  subsoil  lie 
over  one  another  in  a  direct  ion  more  or 
less  approaching  to  horizontal ;  and  wlien 
the  natural  inclination  of  the  surface  is 
every  where  parallel  to  this  strata  be- 
neath, the  water,  if  it  oozc.s  out  of  the 
snV»soil  at  all,  will  generally  do  so  c<juallv 
throughout  the  subsoil  ;*  and  in  sucK 
eases  numerous  drains  at  no  great  dis- 
tant^ are  required  to  carry  it  otf,  pre- 
eint'ly  as  in  the  case  of  Araininir  soils 
with  retentive  snhs«»ils.  But  when  the 
line  of  surface  does  not  correspoml  with 
the  line  of  substrata,  but  intersects  this 
line,  then  water  will  generally  b©  found 


oozing  out  at  the  line  of  intersection, 
technically  called  the  cropping  out  of  the 
strata,  'i^he  quantity  of  water  which  will 
issue  from  these  sections  or  croppings 
out  of  broken  strata  will  de]:<)nd  on  a 
^reat  variety  of  circumstances,  mto  which 
it  is  unnecessary  here  to  enter ;  be- 
cause in  all  cases  the  mode  of  draining 
is  the  same,  viz.,  that  of  forming  a  drain 
parallel  to  the  line  of  fracture  of  the 
strata.  This  drain  in  some  cases  is  not 
required  to  extend  the  whole  len/^th  of 
the  line  of  the  fracture ;  because  if  the 
strata  have  a  double  inclination,  so  as  it 
were  to  conduct  the  water  to  one  an^le 
or  point,  a  drain  at  that  angle  or  point 
will  carry  off  the  whole  of  the  superflu- 
ous water  contained  in  the  strata.  The 
subsoil  in  some  cases  is  composed  of 
stnita  in  a  nearly  vertical  position,  and 
in  others  of  strata  alternately  depressed 
and  elevated,  so  that  a  section  through 
them  would  fonn  a  serpentine  line  ;  and 
sometimes  the  subsoil  is  composed  of 
strata  the  layers  of  which  have  been 
broken  up  and  jumbled  together.  All 
these,  and  other  cases,  are  to  be  drained 
in  one  or  more  of  the  above  described 
modes  ;  that  is,  accumulated  water,  whe- 
ther in  the  soil  or  above  it,  is  to  be  let 
off  by  cuts  or  drains  made  at  the  lowest 
points  of  accumulation ;  nnd  surface  soil 
saturated  with  water,  whether  from 
greater  atmosnhericjU  supplies  than  can 
be  carried  ofl*  ny  evaporation  or  can  sink 
into  the  subsoif,  or  whether  it  arise  from 
sources  in  the  subsoil,  is  to  be  carried 
off  by  numerous  drains  close  to  one 
another,  and  the  tops  of  which  are  the 
cultivated  soil,  or  the  permanent  cloth- 
ing of  grass  or  other  herbajre. 

Draining  is  not  required  in  this  coun- 
try' as  much  Its  in  England ;  yet  in  very 
many  instances,  as  in  heavy  clay  soils 
and  on  low  swamp  lands,  it  slutuld  V)0 
the  first  step  in  tne  cultivation  of  the 
land.  \Vhcn  the  soil  is  porous,  lijifht, 
and  sandy,  <lraiiis  are  not  required  ;  or 
if  so,  need  only  be  ]>laced  tar  ajtart  and 
at  jrreat  dcj4h  (l)elow  5  feet):  on  clay 
UukIs  they  require  to  be  closer,  and  about 
the  depth  of  .'30  or  ^0  inelies.  Draining 
tools  and  tiles  are  now  coinint;  intorniieh 
use;  and  when  it  is  considered  that  it 
rai>*es  the  produce  of  the  land  to  one 
third  more,  few  intelliL'ont  fanners  who 
cultivate  ?/v//  will  neglect  it.  I'ij.e  drains 
arc  Victter  lor  irciural  use  than  aieli 
drains  with  Hat  si.ks,  as  the  waltT  is  de- 
livered quirki-r  in  its  chaiiiiel,  and  the 
latter  is  kej't  clean,  not  ehokintr  up:  the 
latter,  however,  hold  better  in  clay  soils. 
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The  tx)p  of  every  drain  should  be  Buf- 
flciently  &r  below  the  sarfiice  that  the 
plough  in  passing  over  will  not  touch  it. 

DRILL.  In  mechanics^  a  small  instru- 
ment of  steel  for  perforating  metals  or 
hard  substances.  Its  action  is  produced 
by  communicating  to  it  a  very  rapid  ro- 
tation by  means  of  a  driU-JfOw. 

Drill.  In  Agr.,  a  machine  for  sowing 
agricultural  seeds  in  rows ;  sometimes 
worked  by  the  hand  alone,  and  some- 
times by  the  addition  of  a  horee. 

DRILL  HUSBANDRY.  In  Apr.,  the 
cultivation  of  amble  land,  by  sowing  the 
crops  in  rows ;  the  advantage  of  which 
is,  that  it  admits  of  destroying  the  weeds, 
and  stirring  the  soil  in  the  iiitcrviils  be- 
tween the  lines  of  plants.  As  this  mode 
of  cultivation  requu'es  some  iiiij^lcments 
and  machines  not  in  use  in  the  com- 
moner kinds  of  farming,  and  as  it  is  be- 
sides better  adapted  for  some  soils  tljim 
for  others,  it  is  not  so  generally  used  as 
the  obvious  advunUiges  attending  it  would 
leiid  us  to  expect. 

DROSOMETER.  Any  instrument  for 
measuring  the  quantity  of  dew  that  col- 
lects on  the  surface  of  a  body  exposed 
to  the  open  air  during  the  night.  The 
first  instrnment  for  this  purpose  wa* 
proposed  by  Weidler.  It  consisted  of  a 
bent  balance  which  marked  in  grains  the 
preponderance  which  a  piece  of  glass  of 
certain  dimensions,  laia  horizontally  in 
one  of  the  scales,  had  ac<]uired  from  the 
settling  and  adhesion  o(  the  globules  of 
moisture.  A  simpler  and  more  con- 
venient drosometer  would  be  formed  on 
the  princiijle  of  the  rain  trauiro ;  and  in 
order  to  facilitate  the  descent  of  the  dew 
down  the  sides  of  the  funnel  into  the 
tube,  a  coat  of  deliciite  siilt  of  tartar  may 
be  spread  over  the  shallow-surface.  Dr. 
Wells,  in  making  his  celebrated  exj)eri- 
ments  on  dew,  exposed  a  small  (juantity 
of  wool  to  the  open  sky,  and  the  diticr- 
ence  in  its  weight  when  laid  down  and 
taken  up  showed  the  ouantity  of  mois- 
ture it  had  imbibed  in  the  interval. 

DRUGGET.  A  coarse  and  flimsy 
woollen  texture,  chiefly  used  for  c<>vcriii*Lr 
carpets.  It  was  formerly  extensively 
employed  as  an  article  of  crothiiijr  by  the 
poorer  classes,  more  especially  of  fe- 
males; but  this  and  similar  fiihrii-s  sire 
now  almost  wholly  supersede  1  by  cotton 
goods,  which  induce  irrcutcr  cleanliness, 
and  are  less  liable  to  retain  infectious  and 
contagious  poisons. 

DRV  DISTILLATION.  This  term  is 
applied  to  tlie  distillation  of  sub^rances 
per  sej  or  without  the  addition  (»f  water  : 


thus  if  we  pat  wood  into  a  retort  or  other 
distillatory  apparatus^  and  subject  it  to 
heat,  it  yields  tar,  vinegar,  water,  and 
various  gaseous  and  other  matters,  which 
are  called  the  products  of  its  dry  or  de- 
structive distillation. 

DRYING  OIL.  This  term  is  frenerallv 
applied  to  linseed  and  other  ods  which 
have  been  heated  with  oxide  of  lead: 
they  are  the  bases  of  many  paints  and 
varnishes. 

DRY  ROT.  A  disease  which  attacks 
wood,  rendering  it  brittle,  and  destroy- 
ing the  cohesion  of  its  parts,  is  known 
by  this  name.  It  occurs  amon^  the  tim- 
bers of  ships,  where  it  sometimes  com- 
mits the  most  serious  damage,  md  in 
damp  ill-ventilated  liouses.  It  is  usually 
ascribed  to  the  attacks  of  fungi,  espe- 
cijilly  to  such  as  Polyporus  aekructor 
and  Merulius  hichrymans^  whose  filamen- 
tous spawn  or  thallns  appears  upon  the 
surface,  overspreading  it  like  a  tough 
thick  skin  of  white  leather;  and  there  is 
no  doubt  of  its  being  often  connected  with 
appearance  of  such  fungi.  But  dry  rot 
is  certainly,  in  some  cases,  to  be  identi- 
fied with  the  presence  of  a  fungi  of  a 
more  simple  kind  than  those  just  men- 
tioned ;  especially  of  such  as  belong  to 
or  resemble  the  genus  i>porotrUhum. 

The  destruction  of  timber  by  such 
plants  is  cfleeted  in  part  by  the  disiu- 
tejjration  of  the  tubes  of  the  weed,  in 
consequence  of  the  introduction  between 
them  of  the  fine  filamentous  spawn  of 
the  fungi,  and  in  part  by  the  dampness 
which  is  thus  conveyed  to  tlie  interior 
of  the  wood,  where  it  soon  produces  de- 
comj)Osition.  It  is  not,  however,  certain 
that  dry  rot  is  always  caused  in  thia 
manner*;  on  the  contrary,  the  term  ap- 
pears to  be  frcQuenlly  aj)plied  to  cases  of 
spontaneous  aecomposition  of  tinibor 
without  the  presence  of  funiri,  or  when 
the  ai)pearance  of  the  latter  takes  plnco 
long  after  the  commencement  of  the  dis- 
ease. 

When  dry  rot  produced  by  fungi  has 
once  made  its  appearance,  there  is  no 
means  of  arrestin?  its  progress  without 
remnvintr  the  whole  of  the  diseased  and 
neiirlibnrinir  parts;  and  even  then  it  will 
]>ro)iably  auain  break  out,  unless  meaiib 
can  be  taken  to  introduce  a  circulation 
of  tVesli  air  among  the  parts  liable  to  the 
alTcction.  For  if  timber  is  allowed  to 
remain  in  a  damp  situation,  and  in  the 
dark,  it  aif'^rds  so  favorable  a  nidus  for 
the  seeds  of  I'ungi,  that  they  are  ahno^t 
certain  to  veirctate  upon  it ;  unless  some 
means   have   been   previously  taken   to 
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render  the  timber  penxuaiently  nnsnitcd 
to  their  grow'th.  This  end  appears  to 
have  been  attained  by  Mr.  Kyan,  who 
obtained  a  patent  for  pickJing  timber, 
as  a  preventive  of  the  dry  rot,  and  who 
emploved  for  this  purpose  a  solution  of 
corrosive  subliniate.  This  salt  of  mer- 
cury is  a  well-known  vegetable  poison : 
if  any  animal  jelljjr,  upon  which  fungi  will 
quicKlv  appear  m  the  form  of  mouldi- 
ness,  IS  nujced  with  a  minute  quantity  of 
corrosive  sublimate,  no  fangi  will  in  that 
case  be  produced ;  so  that  both  theory 
and  experience  are  in  favor  of  Mr.  Ky- 
an*s  process.  It  is  not  improbable  that 
the  prc^rress  of  dry  rot  might  even  be 
arrested  in  the  buildings  where  it  occurs, 
if  the  timbers  could  be  got  at  and  well 
washed  with  the  same  solution. 

Although  dry  rot  generally  fixes  itself 
upon  timber,  it  will  also  attack  any  form 
oi  vegetable  matter.  The  paper  hang- 
ings of  rooms,  chiefly  composed  of  cot- 
ton and  linen  thread,  are  occasionally 
overrun  in  houses  which  have  been  long 
shut  up  and  neglected ;  and  the  mildew 
which  destroys  the  strength  of  canvas  is 
only  another  form  of  dry  rot,  the  ap- 
pearance of  which  is  altered  bv  the  special 
circumstances  under  which  tne  fungus  is 
developed,  or  by  the  species  of  the  fun- 
gus itsel f.    {See  Wood,  Preservation  or.) 

DRYSALTEK.  A  dealer  in  salted  or 
driedjncat^,  and  in  the  materials  used  in 
pickling,  salting,  and  preserving  various 
Kinds  of  food  ;  hence  drysnlters  usually 
sell  a  number  of  saline  substances  and 
miscellaneous  drugs. 

DRYSTOVE.  A  glazed  structure  for 
containing  the  plants  of  dry  arid  cli- 
mates ;  such  as  tlie  cactuses,  mesembry- 
anthemnms,  aloes,  and  other  succulents 
of  Africa. 

DUCTILITY.  A  property  of  certain 
bodies,  in  consequence  of  which  they 
can  be  drawn  out  at  length  without  suf- 
fering any  interruption  of  the  continuity 
of  their  constituent  particles.  The  term 
ductility  is  frequently  confounded  with 
malleability,  or  that  property  of  bodies 
through  which  diflTerent  forins  can  be 
given  to  them  by  pressure  or  percussion. 
In  general  ductility  depends,  ma  greater 
or  Ifc.-is  degree,  on  the  temperature.  Some 
bodies — wax  for  example — are  rendered 
ductile  by  a  small  deereo  of  heat ;  while 
glass  requires  a  violent  heat  before  it 
avsjnires  ductility.  Some  of  the  metals 
— ror  example,  gold,  silver,  lead,  &c. —  | 
are  ductile  unocr  all  known  tempera-  I 
turee. 

**  The  ductility  of  some  metals  far  ex-  . 


ceeds  that  of  any  other  substance.  Th« 
goldbeaters  b^in  their  operations  with  a 
riband  an  inch  broad  and  150  inches 
long,  which  had  been  reduced,  bv  passing 
it  through  rollers,  to  about  tlie  800th 
part  of  an  inch  in  thickness.  The  riband 
IS  cut  into  squares,  which  are  disposed 
between  leaves  of  vellum,  and  beat  by  a 
heavy  hammer  till  they  acquire  a  breadth 
of  about  three  inches,  and  are  thus  ex- 
tended to  ten  times  their  former  sur- 
face. These  are  a^ain  quartered  and 
placed  between  the  tolds  of  goldbeater^s 
skin,  and  stretched  out  by  the  operation 
oi  a  lighter  hammer  to  the  breadth  of 
five  inches.  The  same  process  is  re- 
peated, sometimes  more  tnan  once,  bv  a 
succession  of  lighter  hammers ;  so  that 
876  grains  of  gold  are  thus  finally  ex- 
tended into  2000  leaves  of  8*8  inches 
square,  making  in  all  80  books,  contain- 
ing each  of  them  25  leaves.  The  metal  is 
consequently  reduced  to  the  thinness  oi 
the  282,000th  part  of  an  inch,  and  every 
leaf  weighs  rather  less  than  the  fifth 
part  of  a  grain.  A  particle  of  gold,  not 
exceeding  the  500,000th  part  of  a  grain, 
is  hence  distinctly  visible  to  the  naked 
eye. 

"It  has  been  asserted  that  wires  ol 
pure  gold  can  be  drawn  of  only  the  4000th 
part  of  an  inch  in  diameter ;  but  Dr. 
Wollaston,  by  an  ingenious  procedure, 
has  lately  advanced  much  further.  Tak- 
ing a  short  cylinder  of  silver,  about  the 
third  part  of  an  inch  in  diameter,  ho 
drilled  a  fine  hole  through  its  axis,  and 
inserted  a  wire  of  platinum  only  the 
100th  part  of  an  inch  tiiick.  This  silver 
mould  was  now  drawn  through  the  suc- 
ecKsive  holes  of  a  steel  plate,  till  its  di- 
ameter was  brought  to  near  the  1500th 
part  of  an  inch  ;  and  consequently  the 
mternal  wircj  being  diminished  in  the 
same  proportion,  was  reduced  to  between 
the  4000th  and  5000th  part  of  an  inch. 
The  compound  wire  was  then  dipped  in 
warm  nitric  acid,  which  dissolved  the 
silver,  and  left  untouched  its  core,  or  the 
wire  of  platinum.  By  passing  the  in- 
crusted  platinum  through  a  greater  num- 
ber of  holes  wires  still  finer  were  ob- 
tained, some  of  them  only  the  8O,000th 
part  of  an  inch  in  diameter.  The  te- 
nacity of  tlie  metal,  before  reaching  this 
limit)  was  even  considerable;  a  platinum 
wire,  of  the  18,0<>0th  part  of  an  inch  in 
diameter,  supporting  the  weight  of  a 
grain  and  a  tliird." 

Glass,  when  well  Kottcned  by  the  fire, 
becomes  as  ductile  as  notl  wax,  and  may 
be  spun  out  into  threads  of  greater  fine- 
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ness  than  any  hair,  and  which  bend  and 
wave  like  hair  in  the  wind.  The  method 
of  prodncing  these  threads  is  exccedinirl y 
easy.  Two  workmen  are  employed  ;  the 
first  holds  the  glass  over  the  ifame  of  a 
lamp ;  the  secoiid  amilics  a  hook  to  the 
metal  in  fusion,  winch,  when  drawn 
back,  brings  with  it  a  thread  of  glass, 
still  adhering  to  the  mass ;  the  hook  is 
then  fitted  on  the  circumference  of  a 
wheel,  which,  being  turned  round,  draws 
out  the  thread,  and  winds  it  about  its 
rim.  Some  of  these  threads  are  so^ircely 
larger  than  that  of  a  silkworm,  and  are 
surprisinglv  flexible. 

DUNGING.  One  of  the  processes  of 
dyeing  and  calico  printing.  The  steeping 
the  goods  in  a  bath  of  cowdimg. 

Experience  has  proved  that  dunging  is 
one  of  the  most  important  steps  in  the 
process  of  calico  pnntinij',  nnd  that  if  it 
DC  not  well  performed  the  dyeing  is  good 
for  nothinsr.  Before  we  c:m  ussiirn  its 
peculiar  function  to  the  diinix  in  this 
ease,  we  must  know  its  composition. 
Fresli  cows'  dung  is  conunonly  neutral 
when  tested  bv  litmus  paper;  but  some- 
times it  is  sliirlitly  silkaline.  owIhl',  proba- 
bly, to  some  peculiarity  in  the  food  of 
the  animal. 

The  total  constituents  of  100  parts  of 
cow  dung  are  as  follows:  Water,  t)i^r)S ; 
bitter  matter,  o-Vl;  sweet  substance, 
0*l>3  ;  chloroi)liyllo,  o-2«  ;  all)nminc,  o-«',:^; 
muriate  of  sodn,  O'OS  ;  suIpliaTo  ol'  jxtt- 
ash,  (»•<'.");  sulpiiutc  of  lime,  o-j.'i ;  c-ir- 
bonate  ofiimo.  0*21;  pliospliate  of  linic. 
0'4*>  ;  carl)Oiiat<'  of  iron,  o-o'j;  Wd.jilv 
fibre,  'JiVoi* ;  sHiea,  1-14:  loss,  o-U. 

In  duiiu'^iuL'  <'alieoes  the  excess  of  mi- 
conil>iiietl  morilant  is  in  part  attracted  \>y 
the  solni)le  matters  of  tlie  eon's  dmiL'^. 
an«l  I'orms  an  insoliiMe  nrt-eipltatr-.  w  hidi 
has  no  allinily  for  tlie  elMtli,  e-ni  cinllv  in 
presence  oftlie  insohihlepart  ottlie  diiiiir. 
which  stroiifrly  nttraets  almnina.  Tim- 
n^|>^l  important  part  wlijeli  tliat  in^oliiMe 
matter  ]>Iays.  is  to  seize  the  execss  (»rilie 
mordants,  in  ]>ro]iorti.>n  as  tliev  are  dis- 
solved l.y  the  water  of  tiie  bath,'aiid  tliu^ 
to  reii<l(M'  their  reaction  upon  the  clotli 
iin]'0-si]>le.  It  is  only  in  the  de]H»<ite. 
th'-refore,  that  tlio  niatters  earrir-l  oiY 
from  the  ch'th  >.y  the  duiiLr  are  to  ho 
found. 

M.  Camille  Kfpiddin  a^erihes  t1io  n'-tinn 
of  cow  duiiLf  ehie!ly  to  its  .in.niiiin"us 
CMistirucnts  e"mhiiiinLr  with  thcahiMiina 
Mild  iron,  ot'  tlie  a<'etitrs  of  thfsi'  ha-cs 
di-«s<>!vc.l  hy  till-  hot  water  <n'  the  hath. 
The  arid>  eonse<jUf)itly  si't  tVre.  sociji  he- 
come  t\ident  by  the  te^t  of  litmus  j.ajicr. 


after  a  few  pieces  are  passed  ibrongh, 
and  require  to  be  got  rid  of  either  by  a 
fresh  bath,  or  by  adding  chalk  to  the  old 
one.  The  dung  thus  serves  also  to  fix 
the  bases  on  the  cloth,  when  used  in 
moderation.  It  exercises  likewise  a  dis- 
oxydating  power  on  the  iron  mordant, 
and  restores  it  to  a  state  more  fit  to  com- 
bine with  coloring  matter. 

DWARFING  TREES.  Dwarf  trees 
may  be  produced  in  three  different  ways  : 
by  graftnig  on  dwarf  slow-growing  .stocks, 
as,  for  example,  the  pear  on  the  quince  : 
by  planting  in  pot«  of  small  size  fiUecl 
Avith  poor  soil,  by  which  the  plant  ia 
starved  and  stunted ;  ond  by  causing  a 
portion  of  the  extremity  of  a  branch  to 
produce  roots,  and  then  cutting  it  ott"  and 
planting  it  in  a  pot  or  box  of  poor  soil. 
This  last  is  the  Chinese  method,  and  ia 
thus  performed: — The  extremity  of  a 
branch  two  or  three  feet  in  length,  in  a 
tVuit  or  flower-bearing  state — for  exam- 
ple, the  points  of  the  branches  of  a  fir 
tree  benrinir  cones,  or  of  an  elm  bearing 
blossom  buds — l>eing  fixed  on,  a  ring  of 
bark  is  taken  oft"  at  the  point  where  it  is 
desired  tiiat  the  roots  should  be  pro- 
duced. Tlie  space  thus  laid  bare  is  c-o- 
vered  with  a  Itall  of  moist  clay,  which  is 
kept  moist  l)y  being  covered  with  inos^s, 
which  is  oceasionidly  watered.  In  the 
course  of  two  or  three  months  in  some 
trees,  and  of  a  year  or  two  in  Qthcrs, 
roots  are  protruded  into  the  ball  of  clay. 
The  branch  inav  then  be  cut  off  below 
the  part  from  whence  the  roots  liave 
been  jirotruded,  and  the  branch  beinj; 
]"laiited  in  a  pot  of  poor  soil,  an<l  kcj»t 
-pariii-j-ly  ■»up]>lied  with  water,  it  will  re- 
main nearly  m  its  present  state  for  many 
\cars;  ]troducii)<r  leaves,  and  perhaps 
th'wers.  annually,  but  never  shoots  lonL'cr 
than  a  few  liiie>^, 

]>VK!NG.  The  oV.ieet  of  this  bennti- 
fnl  art  {•<  to  fix  certain  colorinir  matters 
uniiormly  and  permanently  in  the  hhrcs 
ol'  ^\<>. (1.  silk,  nnen,  cotton,  and  oth.-r 
■>uhstances.  The  moderns  liave  obtained 
from  this  Continent  several  d^e-druirs 
unkn<iwn  to  the  ancients;  such  as  i'<.<-hi- 
neal.  ((Uereitron,  Brazil  wooil,  h.^jwood, 
aiiiiatto:  ainl  they  have  di^cin-ered  the 
art  ot"  u-iiiLT  indJL'O  a'^  a  dye.  which  t!ie 
Ic'inans  knew  only  as  a  j'i'jnient.  Ibit 
tin-  va-^t  "i  ijM'rioritv  of  our  «hi'-*  o\«r 
th">e  f>f  t'oriner  time>*  nnist  V)e  a>erihed 
piitu-ipally  to  the  employnient  of  pure 
:iluiii  and  solution  tA'  tin  as  mordants. 
eitlu  r  al'Mie  or  mixed  with  other  bases  ; 
suh-taiK'i'^  wliich  ijivc  t(>  our  eonnnon 
d\«'->tulls  romarkablc  depth,  dural.>ility, 
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and  lustre.  Another  improvement  in 
dyeing  of  more  recent  date  is  the  appli- 
cation to  textile  substances  of  metallic 
compounds,  sucli  as  Pnissian  blue, 
chrome  yellow,  manganese  brown^  &c. 

There  are  a  few  dyeing  materials  which 
impart  their  color  to  diflferent  stutfs  with- 
out any  previous  preparation,  and  these 
have  been  technically  termed  ntbstantivs 
colon ;  by  far  the  greater  number,  how- 
ever, of  coloring  materials,  only  impart  a 
futritivc  tint  under  such  circumstances, 
and  require  that  the  stuff  to  be  dyed 
should  undergo  some  previous  prepara- 
tion, in  order  to  render  the  color  perma- 
nent ;  that  is,  capable  of  resistinar  the  ac- 
tion of  air,  light,  and  water.    The  sub- 
stance applied  with  this  intention  is  called 
a  haji4  or  mordant^  jmd  must  possess  an 
atlinity  for  the  fibre  of  the  stuff  on  tlie 
one  hand,  and  for  the  coloring  materials 
on  the  other.    The  mordant  otlcn  effects 
another  important  obiect;  that  of  cluiiig- 
ing  or  exalting  the  color  at  the  same  time 
that  it  fixes  it.    The  principal  mordants 
are  aluminous  earth  and  oxide  of  iron, 
and  these  are  usually  applied  in  the  state 
of  acetates.     Oxide  of  tui  is  a  valuable 
mordant ;   it  is  generally  applied  as  ni- 
trate or  chloride.  .As  an  mstanoe,   we 
may  mention  the  mode  of  dveinij  cjilico 
r«»d  by  means  of  madder^  a  decoction  of 
which,    if  applied    to    the    unprepared 
go^xis,  would  only  give  them  a  airty  red 
tin^e,  neither  agreeable  nor  pennaiicnt. 
If  the  calico  be  previously  passed  tliroujxli 
a  weak  solution  of  acetate  of  alumina, 
and  then  dried  at  a  high   temperature, 
and  afterwards  washed,  a  portion  of  the 
alumina  is  retained  in  chemical  (v-)mbina- 
tion   with   the  fibre  of  the  calico;   and 
when  thus  prepared  and  submitted  to  the 
action  of  a  not  decoction  of  madder,  and 
au'ain  wji>hed,  it  comes  out  of  a  tine  red, 
which  is  fixed  in  consequence  of  the  at- 
traction of  the  alumina  for  the  peculiar 
Srinciplc  which  gives  color  to  the  mad- 
er.     If  the  mordant  be  oxide  of  iron  in- 
•tead  of  alumina,  the  color  which  is  then 
pro<iuccd  is  purple;  and  various  shades 
anri  colors  are  obtained  by  mixinir  mor- 
dants,  by   usinc:  more  or  lesis  of  them, 
and  by  applying  the  colored  solutions  in 
various  states   of  concentration.     .Souie- 
tlmcs  articles  arc  dyed  by  a  similar  pre- 
cipitation of  colored  metallic   oxides  in 
the    fibre;    thus   vellow  is   obtained   l)v 
pnssiner  cloth  imprcfrnatcd    with  acetate 
of  lead  throusrh  a  solution  of  ehroniate  of 
p«»tash  :  a  double  decomposition  ensues, 
and  yellow  chromate  of  lead  is  preeij>i- 
tated'in  and  combined  with  the  vegetable 


or  animal  fibre.    Blues  are  pr^kluced  by 

passing  the  goods  previously  mordanted 
with  iron  through  an  acidulated  solution 
of  ferrocyanate  of  potash  ;  these  are  gene- 
rally called  cheviical  colors^  though  not  in 
fact  more  so  than  the  others.  Scarlet  is 
exclusively  produced  by  the  coloring 
matter  either  of  the  cochineal  or  of  the 
lac  insect,  which  is  fixed  by  oxide  of 
tiuj  or  by  alumina,  and  lieightened  by  the 
action  of  tartar. 

Indigo.  This  dye-drug,  when  tolera- 
bly good,  contains  half  its  weight  of  in- 
digotine.  The  cold  vat  is  prepared  com- 
monly with  water,  copperas,  indigo,  lime, 
or  sometimes  cjirbonate  of  soda,  and  is 
used  almost  exclusively  for  cotton  and 
linen ;  immersion  in  acidulated  water  is 
occasionally  had  recourse  to  for  removing 
a  little  oxyde  of  iron  which  attaches  it- 
self to  the  cloth  dyed  in  this  vat. 

The  indigo  vat  for  wool  and  silk  is 
mounted  exclusively  with  indigo,  good 
potashes  of  commerce,  madder,  and  bran, 
in  this  vat,  the  immediate  principles  with 
base  of  carbon  and  hydrogen,  such  as  the 
extracts  of  madder  and  bran,  perform  the 
disoxydisin^r  function  of  the  copperas  in 
the  cold  vat.  The  piustel  vats  require 
most  skill  and  experience,  in  consequence 
of  their  complexity.  The  greatest  diffi- 
culty occurs  in  keening  them  in  a  good 
condition,  because  tliey  varj'  progressive- 
ly as  the  dyeiiit;  goes  on,  by  the  abstrac- 
tion of  the  indigotine,  and  the  modifica- 
tion of  the  fermentable  matter  employed 
to  disoxygenate  the  indijro.  The  alkaline 
matter  also  chantres  by  the  action  of  the 
air.  By  the  successive  additions  of  indi- 
go, alkali,  Ac,  this  vat  becomes  very 
ditlicult  to  niaiiaL'"C  with  profit  and  suc- 
cess. The  irreat  atlair  of  the  dyer  is  the 
proj>er  aildition  of  lime  ;  too  much  or  too 
little  beini;  equally  injurious. 

Suli<iuite  oi'  indiL'o,  or  Saxon  blue,  is 
used-iilso  to  dye  silk  and  wool.  If  tlie 
wof»ls  he  ill  sorte.l,  it  will  show  tlieir  dit- 
ferences  h\  (he  inequalities  of  the  dye. 
Wool  dyed  in  this  l>:ilh  j)ut  into  water 
saturated  witii  snli^huretetl  iiydroircn,  be- 
comes soon  colorless,  owiuL'to  the  ilisox- 
ytrenation  oftheindiL'O.  Tiu-  woollen  cloth 
wlieii  exi»osed  to  the  air  for  some  time 
re>umcs  its  blue  color,  but  not  so  intense- 
ly as  be  tore. 

Looirnoil.  The  ]>roj>erti('S  of  lioma- 
tiiio  e.\|»l!iin  the  mode  ot"  n-inir  h'-jwood. 
When  stntVs  are  dyed  in  the  inrusjon  or 
(leeoction  of  this  wo<m1,  under  the  inllii- 
enee  of  a  l>ase  whirh  aets  iijx'n  the  iunia- 
tine  in  the  manner  of  an  alkali,  a  Itluo 
dye,  bordering  upon  violet,  is  obtained. 
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Such  IB  the  process  for  dyeinjar  cotton  and 
wool  a  logwood  blue  by  meuns  of  verdi- 
gris, crystuUized  acetate  of  copper,  and 
acetate  of  alumina. 

When  we  dye  a  stuff  yellow,  red,  or 
orange,  we  have  always  bright  tints :  with 
blue,  we  may  have  a  very  dark  shade, 
but  somewhat  violet;  the*  proper  black 
can  bo  obtained  only  by  using  the  three 
colors,  blue,  red,  and  yellow  in  proper 
proportions.  Hence  we  can  explam  how 
the  tints  of  yellow,  red,  orange,  blue, 
green,  and  violet,  may  be  browned,  by 
applying  to  them  one  or  two  colors  which 
along  with  themselves  would  produce 
black  ;  and  also  we  may  explain  the  na- 
ture of  that  variety  of  blacks  and  grnvs 
which  seems  to  be  indefinite.  Nntiralls 
and  sulphate  of  iron,  so  frequently  em- 
ployed tor  the  black  dye,  give  only  a  vio- 
let or  bluish  gray.  The  pyrolignite  of 
iron,  which  contains  a  brown  empyreu- 
matic  matter,  gives  to  stuffs  a  brown  tint, 
Iwrdering  upon  greenish  yellow  in  the 
pale  hues,  and  to  chestnut  brown  in  the 
dark  ones.  By  galling  cotton  an<l  silk,  and 
giving  them  a  bath  of  pyrolignite  of  iron, 
we  may,  after  some  alternations,  dye 
them  black.  Galls,  losrwood,  and  a  salt 
of  iron,  produce  merely  a  very  deep  vio- 
let blue  ;  but  by  boilinir  and  exposure  to 
the  air,  the  hematiite  of  iron  is  chanir(?d, 
becoming  red-brown,  and  favors  the  pro- 
duction of  black.  Galln  and  salts  of  cop- 
per dye  stuffs  an  olive  drab.  loirwood 
and  salts  of  copper,  a  violet  ])lno  ;  licnoe 
their  combination  slmuld  pro«ln<'o  a 
black.  In  usinu  !*njna(li  as  a  siihstitiito 
for  galls,  we  should  take  into  iiccoimt 
tho  proportioti  of  yellow  in:itter  it  eon- 
tains.  When  the  best  possilde  blaek  is 
wanted  upon  wool,  we  niu^t  {.'•ive  the 
stuff  a  foundition  of  indiu'o,  then  |>:iss  it 
it  into  a  bath  of  loLrwood,  sinnaeh.  and 
proto-sulphate  of  iron.  The  suniaeh 
may  be  replaced  by  one  third  (ff  its 
wei'^ht  of  nutiralls. 

The  compound  or  mixed  colors,  are 
such  as  result  from  the  eombination  of 
two  differently  colored  dye-stuti"-'.  or  from 
dyeingr  stutfs  witli  one  eolor,  and  then 
with  another.  Tlie  sini)>le  eolors  oi'  the  ' 
dyer  are  red,  yellow,  blue,  and  blaek,  j 
with  whieh,  wlu-n  skillfully  l>li-n«led,  he  | 
can  i>rodu<-e  everv  v:iricty  of  tint.  Rer- 
haps  the  dun  or  fawn  eolor  TMiL'hf  be  -.u}- 
dcd  to  the  above,  as  it  is  directly  ob- 
tained t'rom  a  irreat  many  ve^'etaM*-  sub- 
stnnees. 

1.  Red  with  yellow,  pr^»du<'es  oran^'C  ; 
a  color  whieh,  tipon  wool,  is  triven  usual- 
ly with  the  «>pent  scarlet  bath.     To  this 


shade  may  be  referred  flame  color,  pome- 
granate, capuchin,  pmwn,  jonquU,  casfiis, 
chamois,  cufe  au  laU,  aurora,  marigold, 
orange  peel,  mordorca^  cinnamon,  gold, 
&c.  Snuff,  chestnut,  musk,  and  other 
shades  are  produced  by  substituting  wal- 
nut peels  or  sumach  for  bright  yellow. 
If  a  little  blue  be  added  to  orange,  on 
olive  is  obtained.  The  only  direct  orange 
dyes  are  annotto,  and  subchromato  of 
lead  Uee  Silk  and  Wool  Dyelxo). 

2.  Red  with  blue  produces  purple,  vio- 
let, lilac,  pigeon's  neck,  mallow,  peach- 
blossom,  M«u  de  roiy  lint-blossom,  ama- 
ranth. 

8.  Red  with  black;  brown,  chocolate, 
marone,  *fec. 

4.  Yellow  with  blue ;  green  of  a  great 
variety  of  shades,  such  as  nascent  green, 
gay  green,  grass  green,  spring  green, 
laurel  green,  sea  green,  celadon  green, 
parrot  green,  cabbage  green,  apple  green, 
duck  irreen. 

5.  Mixtures  of  colors,  three  and  three, 
and  four  and  four,  proauce  an  indefinite 
diversity  of  tints;  thus,  red,  yellow,  and 
blue,  form  brown  olives,  and  greenish 
grays ;  in  which  the  blue  dye  ought  al- 
ways to  be  tirst  jfiven,  lest  the  indigo  vat 
should  be  soiled  by  other  colors.  Red, 
yellow,  and  grav,  (which  is  a  gradation 
of  black),  give  tlie  dead-leaf  tint,  as  well 
as  dark  orange,  snuff  color,  &c.  Red, 
1)1  uc,  an<l  gray,  give  a  vast  variety  of 
shades  ;  as  lead  irniy,  slate  gray,  wood- 
jiiireon  gray,  and  other  colors,  too  nume- 
rous to  "pecity. 

The  followincr  list  of  dyes,  and  the  co- 
lorinir  sultstanees  which  produce  ihem, 
may  prove  useful. 

ji'f'l.  Coehineal,  kerines,  lac,  madder, 
archil,  eartliatnus  or  satllower,  Brazil 
wo(m1,  lo!/wood,  pcriodide  of  mercury, 
alkaiict. 

Yilhiir.  Quercitron,  weld,  fustie,  (yel- 
low wood)  annotto,  sawwort,  dver's 
broom,  turnierie,  I'ustic,  (rhuM  c<>t]nuA\ 
Persian  and  Avignon  berries,  (rhamnun 
ill  ft  {'fori (tM)  willow,  peroxide  of  iron  ; 
ehroinate  of  lead,  (chrome  vellow)  sul- 
]thuret  ol'arsenie,  hydro^ulpburet  of  an- 
tiiiiojiy  ;  nitrie  aeid  on  silk. 

Jif>"\  IndiiT'),  woa<l  or  pa.H\el,  Prus- 
sian bltie,  turnsole  or  litmus,  lo^rwood 
with  a  -alt  of  copper. 

J!'<'i'l\  (ialls,  suniaeh,  lo'jwood,  wal- 
nut pccN,  and  other  ViiretiiMes  whicli 
eoiitaiii  t;ituiinanil  -j-iiUie  aciil,  alonLTnith 
fcrruifitious  mordants.  The  anacar<li- 
um  ot"  liKJia. 

(ft; tit.  The-c  are  produced  by  the 
blue  and  vcllow  dyes  skiUfullv  combined  ; 
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with  tho  exception  of  the  ohromo  green, 
and  perhaps  the  copper  green  ofSchwein- 
fnrt. 

Oranae.  Annotto,  and  mixtures  of 
red  and  yellow  dyes;  subchromate  of 
lead. 

Fawn,  Ihtn,  Boot,  Walnnt  peels,  sn- 
mach,  birch-tree,  henna,  sandal  wood. 

The  chemical  principles  of  the  art  of 
ealieo  printing  are  tho  same  as  thoE^e  of 
dyeing,  bnt  tne  details  are  more  difficult 
and  complicated ;  and  in  consequence  of 
the  combination  of  a  great  variety  of  co- 
lors upon  the  same  ground,  the  process 
is  sometimes  extremely  refined  and  intri- 
cate ;  so  that  a  rich,  varied,  and  pleasing 
pattern,  thus  effectively  produced,  may 
DC  considered  as  a  triumph  of  practical 
skill  over  theoretical  difficulties,  which  is 
scarcely  rivalled,  and  certainly  no'^  ex- 
celled, in  anv  other  of  the  artB.  It  is  ob- 
vious that  calico  printing  is  in  the  abstract 
a  topical  dyeing ;  and  much  discrimina- 
tion and  taste  are  requisite  in  the  con- 
trivance of  the  pattern,  its  {general  de- 
sign, and  the  colors  in  which  it  is  exhib- 
ited. In  this  art  the  mordants,  and 
sometimes  the  colors,  are  applied  either 
bv  hloekg,  upon  which  tho  pattern  is  de- 
afgned  in  relief,  or  by  copper  plates^  which 
are  engraved,  or  by  cvUndera  or  rollers. 
If  the  aluminous  morcmnt  be  printed  by 
one  block  and  the  iron  mordant  by  ano- 
ther, and  the  mixture  of  the  two  by  a 
third,  and  the  piece  thus  prepared  be 
then  ]wsscd  through  a  maddfer  bath,  and 
properly  cleansed  and  bleached,  the  color 
will  only  adhere  to  the  mordanted  place}*, 
and  it  will  be  red  where  the  olntninous 
earth  only  has  been  applied,  purple  with 
the  mixed  mordant,  and  bliicK  with  the 
iron  ;  if  the  same  three  mordants  be  used 
with  a  decoction  of  quercitron  bark,  the 
resulting  colors  will  be  yellow,  olive,  and 
brown ;  and  in  this  way  a  great  variety 
of  colors  may  be  produced.  Sometimes 
copperplate  and  block  printing  are  com- 
bined ;  a  fine  running  pattern  being 
printed  by  the  plate  or  cylinder  over  the 
whole  surface,  which  serVcs  as  n  pround 
work,  and  upon  which  other  figures  are 
printed  by  blocks.  Sometimes  the  mor- 
dant and* color  are  both  applied  at  once 
by  means  of  a  block,  and  rendered  fixed 
and  permanent  by  exposing  the  goods 
for  some  time  to  steam.  Beautit'iil  etfects 
are  produced  by  printing  the  patterns  on 
a  mordanted  jfround  with  some  subjjtance 
which  will  resist  the  color,  and  8o  pro- 
duce a  white  pattern  on  a  colored  ground. 
{See  Calico  Pkixting.) 

DYKE.    In  geology  is  a  term  applied 


to  a  mass  of  igneous  rock,  as  granite, 
trap,  greenstone,  or  lava,  which  is  thrown 
up  or  injected  through  and  into  the  renta 
and  fissures  of  a  stratified,  or  even  an  ig- 
neous rock.  Dykes  are  of  f^quent  oc- 
currence in  districts  where  primary  rock 
prevails.  Dyke  is  also  a  mound  ot  earth 
or  stone,  or  other  material  intended  to 
prevent  the  sea  inundating  contiguous 
low  coasts,  such  as  in  Holland. 

DYNAMOMETER.  An  instrument 
for  measuring  power  of  any  kind,  as  the 
strcn^h  of  men  and  animals,  the  force  of 
machmery,  the  magnifying  power  of  a  te- 
lescope, &Q.  An  instrument  for  measur- 
ing animal  force  was  invented  by  Mr. 
Graham  many  years  ago,  and  afterwards 
improved  by  Dcsaguliers ;  but  as  it  con- 
sisted of  wooden  works,  it  was  too  heavy 
and  bulky  to  be  conveniently  used  for 
ordinary  purposes.  Leroy,  of  the  Aca- 
demy of  Sciences  of  Pans,  proposed  a 
dynamometer,  which  consisted  merely  of 
a  tube  of  met:il  of  ten  or  twelve  inches  in 
length,  placed  vertically  on  a  stand,  an^^ 
containing  a  spring  in  its  interior,  which 
indicated  oy  its  compression  the  amount 
of  the  force  applied.  The  instrument 
was  in  fact  the  same  in  principle  as  the 
common  spring  balance. 

The  most  convenient  dynamometer  is 
that  of  Rcgnier,  which  is  described  in  the 
Journal  de  VEcole  Polt/Uchniqve.  It  con- 
sists of  an  elliptical  steel  spring  of  about 
12  inches  in  circumference,  and  the  force 
is  applied  either  by  pressing  the  two  ver- 
tices of  the  axis  minor  against  each  other, 
or  by  drawing  in  opposite  directions  the 
two  ends  of  the  axis  major.  In  both 
cases  tho  sides  of  the  spring  are  made  to 
approach  each  other ;  and  thus  they 
move  an  inde.K  which  marks  the  degree 
of  approximation  on  a  semicircular  scale. 
By  means  of  this  machine  the  mean  force 
is  ascertained  which  a  mon  can  exert  with 
the  rijrht  hand,  or  with  the  left,  or  with 
both  together,  and  in  various  positions 
of  his  bodv.  Some  interesting  results  re- 
lating to  tlie  average  strength  of  men  at 
different  ages,  and  of  ditl'ercnt  weights 
and  sizes,  have  been  deduced  by  M. 
Quetelet  of  Brussels,  from  numerous  ex- 
periments with  his  dynamometer.  In 
testing  the  value  of  ploughs,  the  dynam- 
ometer should  be  used,  instead  of  plough- 
ing a  driven  space  of  land. 

EAKTHEN  WARE.    See  Pottery. 

EARTH.  Modern  science  has  demon- 
strated that  the  substances  called  primi- 
tive earths,  and  which  prior  to  the  preat 
clectro-cheuiical  career  of  Sir  H,  Davy, 
were  deemed  to  be  elementary  matter, 


142 


CYCLOPEDIA    OF  THE   USEFUL   ARTS. 


[ebu 


are  all  componnds  of  certain  metallic  ba- 
ses and  oxygen,  with  the  exception  of 
silica,  whose  base,  silicon,  being  analo- 
gous to  boron,  has  led  that  compound  to 
be  regarded  as  an  acid ;  a  title  cnaracter- 
istic  of  the  part  it  extensively  performs 
in  neutralizing  alkaline  bodies,  m  mine- 
ral nature,  and  in  the  processes  of  art. 
Four  of  the  earths,  when  pure,  possess 
decided  alkuUne  properties,  being  more 
or  less  sokible  in  water,  havincf  (at  least 
three  of  them)  an  acrid  alkaline  taste, 
changing  the  purple  infusion  of  red  cab- 
bage to  green,  most  readily  saturating  the 
acids,  and  affording  thereby  neutro-saline 
crystals.  These  four  are  baryta^  stronfla, 
lime^  and  nui^/u>sia.  The  earths  proper 
are  five  in  number ;  alumina,  otucimi,, 
yttriay  zirconia^  and  t/u>/un<i:  These  do 
not  change  the  color  of  infusion  of  cab- 
bage or  tincture  of  litmus,  do  not  readily 
neutralize  aciditv,  and  are  quite  insolu- 
ble in  water.  The  alkalis  arc  soluble  in 
water,  even  when  carbonated  ;  a  property 
which  distinguishes  them  from  the  alka- 
line earths.  Lithia  must  for  this  reason 
be  considered  to  be  an  alkali.  See  the 
above  substances  in  their  alphabetical 
places. 

EAU  DE  COLOGXE.  This  prepara- 
tion has  louif  possessed  great  c^lL'brity, 
in  consequence  chictly  of  the  numerous 
virtues  ascribed  to  it  by  its  venders ;  and 
is  resorted  to  bv  manv  votaries  of  fashion 
as  a  panacea  against  ailni«;nts  of  every 
kind.  It  is  however  nothinir  more  thnn 
aromatized  alcohol,  and  as  such,  an  airrcea- 
blc  eonipanioii  of  the  toilet.  Numerous 
fictitious  receipts  have  lieen  olTcred  for 
prc]>aring  t'n>t  d*i  ('ol'njnt- ;  llic  lV»Ilo\\in<jr 
may  he  reckoned  authentic,  haviiiu'  bci'n 
imparted  by  Karina  himself  to  a  tVicnd. 

Take  Oo  gallons  of  siK-nt  hnnidy  :  saLre. 
and  thyme,  each  6  drachms  ;  l.aliii-ininl 
and  spearmint,  each  \-l  ounces  ;  calamus  : 
arotnaticus,  4  ilrachms  ;  root  of  aiiLrelica, 
2  diaehms;  camjihor,  1  drachm;  j'etals 
of  rose-^  and  violets,  each  4  ounces  ;  tlow- 
ers  (^)f  lavender,  'J  oune^s ;  tiowers  of  \ 
oranLft',  4<lraehnis  ;  NvormwooiK  1  ounce; 
nMtmei:-<,  clo\cs.  ca-^-^ia  lij-iria.  niaei-,  ea'-h 
4  drachms.  Two  orantrcsaii<l  two  leiii'in-*, 
cut  in  jtieecs.  Allow  ihc  wlcK  to  m:i(f- 
erate  in  t'u'  sjViril  durinir  -4  hour^s,  tln-n 
•  listil  otY  40  lmImUis  l.y  the  he.it  of  a 
wa'er  baih.     Add  to  tin'  jirodnct  : 

Essence  of  lemons,  of  ecdrat.  of  b:ilm- 
miiit.  of  lavcuilcr.  eacli  1  ounce  4 
drachms  ;  neroli  and  essenr-r-  ..f  ilic  seed 
of  anih<)s,  cacli  4  draclims  ;  e-sence  of 
jasmin,  1  ounce;  of  bcrLfamot.  1'2  ounces. 
Filter  and  preserve  f.>r  u*e. 


Cadet  de  Gnssincourt  has  proposed  to 
prepare  ea^i  de  Coloffne  by  the  following 
recipe  ;  Take  alcohol  at  82°  B.,  2  quarts ; 
neroli,  essence  of  cedrat,  of  orange,  of 
lemon,  of  bergaraot,  of  rosemary,  each  24 
drops ;  add  2  drachms  of  the  seeds  of 
lesser  cardamoms,  distil  by  the  heat  of  a 
water  bath ,  a  pint  and  a  hoi f.  When  pre- 
pared as  thus  ny  simple  mixture  of  essen- 
ces without  distillation,  it  is  never  so 
good. 

EAU  DE  LUCE  is  a  compound  formed 
of  the  distilled  oil  of  amber  and  water  of 
ammonia. 

EAU  DE  JAVELLE.  Solution  of  hy- 
pocldorite  of  soda. 

EBULLITIOM.  When  the  bottom  of 
an  open  vessel  containing  water  is  ex- 
posed to  heat,  the  lowest  Bl.-atum  of  fluid 
immediately  expands,  becomes  therefore 
specifically  lighter,  and  is  forced  upwards 
by  the  superior  gravitv  of  the  sui^rin- 
ciimbent  colder  and  "lieavier  particles. 
The  heat  is  in  this  way  dilTused  through 
the  whole  liquid  mass,  not  by  simple  com- 
munication of  that  power  from  particle  to 
particle  as  in  solids,  called  the  condudii>n 
of  calorie,  but  by  a  translation  of  the 
Si'veral  particles  from  the  bottom  to  the 
top,  and  the  top  to  the  bottom,  iniUter- 
nate  succession.  This  is  denominated 
the  carrifintj  y)owcr  of  fluids,  beinff  com- 
mon to  both  liquid  and  gaseous  bodies. 
These  internal  movements  maybe  render- 
ed very  consi)ieunus  and  instructive,  bv 
minirling  a  little  powdered  amber  with 
water,  contained  in  a  tall  glass  cylinder, 
standi iifr  upon  a  sand-bath.  A  column  of 
the  heated  and  liLfhter  particles  will  be 
seen  ascendinir  near  the  axis  of  the  cylin- 
•  ler,  surroumlcd  by  a  hollow  column  of 
the  cooler  ones  de^^cendin?  near  the  sides. 
That  this  molecular  translation  or  h»co- 
motion  is  almost  the  sole  mode  in  which 
fluids  L^'t  heated,  may  be  demonstrated 
bv  ]>laein>?  the  middle  of  a  ]->retty  lone: 
i:i;i>s  tube,  nearly  tilU'd  with  water,  ob- 
liiiuely  over  an  ar^and  llame.  The  upper 
h:ilf  of  the  li.]uid  will  soon  V»il,  but  the 
I'oriion  un<lcr  the  middle  will  continue 
eool.  so  that  a  Ium]i  of  ice  may  remain  for 
a  eon-idi'rablctime  at  thebottou).  When 
the  heat  is  rapidly  a]'j'lied  the  li(}uid  is 
thrown  into  ni:i^;ition,  in  consequciu'c  of 
cla-ti*'  v;i)ior  bcin:x  suddenly  <renerate<.l 
at  the  bott(»m  of  the  vessel,  and  beiuLT  :ls 
suddenly  condensed  at  a  little  distance 
nbo\c  it  by  the  surroun<lincrcold  columns. 
The<.'  ;iltirii;ifc  e \'| •:iu>ions  and  contrat*- 
tions  of  Volume  become  more  manitcst  as 
tlie  liquid  becomes  hotter,  and  constitute 
the  nitnmci'ini]  vibi"atorv  sound  whicli  id 
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the  prelado  of  eboUition.  The  whole 
mass  bein?  now  heated  to  a  pitch  com- 
patible with  its  permanent  elasticity,  be- 
comes turbulent  and  explosive  under  the 
continued  inHuence  of  nre,  and  emittinji^ 
more  or  less  copious  volumes  of  vapor,  is 
said  to  boil.  The  further  elevation  of 
temperature  by  the  influence  of  caloric, 
becomes  impossible  in  these  circumstan- 
ces with  almost  all  liquids,  because  the 
vapor  carries  oflf  from  tnem  as  much  heat 
in  a  latent  state  as  they  are  capable  of  re- 
ceiving from  the  fire. 

Tlie  temperature  at  which  liquids  boil 
in  the  open  air  varies  with  the  detfree  of 
atmospheric  pressure,  being  higher  as 
that  is  increased,  and  lower  as  it  is  di- 
minished. Ilcnce  boiling  water  is  colder 
bv  some  degrees  in  bad  weather,  or  in  an 
efevated  situation,  with  a  depressed  bar- 
ometer, than  in  fine  weather,  or  ut  the 
bottom  of  a  coal-pit,  when  the  barometer 
is  elevated.  A  nigh  column  of  liquid, 
also,  by  resisting  the  discharge  of  steam, 
raises  the  boiling  point.  In  vacuo,  all  li- 
quids boil  at  a  temperature  about  124*^  F. 
lower  than  under  the  average  atmospheric 
pressure. 

The  following  is  a  table  of  the  boiling 
points  of  a  few  substances,  on  Fahren- 
hcit's  scale  : 

Ether,  lOOO    Alcohol,  175^ 

Nitric  Ad«l,  2100    WaUr,  212^ 

Sohition  of  Salt,     2240    Chloride  of  Calcl- 
Mariatfc  Add,         2220  um,  285^ 

Oil  of  Turpentine,  S\fP  Bulphuric  Add,  r/KP 
Ph«»pho^a^  NM^    Bulphnr,  570^ 

Linseed  Oil,  MP    Mercury,  662'^ 

M.  Marcet  has  shown,  that  whatever 
the  nature  of  the  boiler,  the  temperature 
of  the  steam  is  invariably  lower  tnan  that 
of  the  water  from  which  the  steam  is 
generated.  In  glass  vessels,  this  differ- 
ence amounts,  on  an  average,  to  1,908  de- 
grees,— in  metal  vessels,  only  to  between 
0.27  and  0.86  of  a  degree.  There  is  but 
one  exception  to  this  rule,  viz :  wiicrethe 
inside  of  the  boiler  is  coated  with  a  thin 
layer  of  sulphur,  gum  lac,  or  any  other 
mutter  possessing  an  adhesion  for  water. 
In  that  csiso  the  boiling  water  and  the 
steam  have  the  same  temperature.  Thus, 
contrary  to  the  firenerully  received  notion, 
it  is  not  in  metal  vessels  that  the  boiling 
point  is  lower  under  a  stront;er  prossuro, 
but  in  glass  vessels;  if  the  latter  arc 
coated  with  sulpliur,  gum  lac,  &e. 

EDULCORATION.  A  chemical  term 
applied  to  the  cleansing  of  substanoes*, 
enpecially  pulverulent  precipitates.  l>y  the 
rep>eated  affusion  of  water,  so  as  to  re- 
move all  soluble  matters,  ana  render  them 
free  from  taste  and  smell. 


EFFEEVESCENCE.  The  escape  of 
gaseous  matter  from  liquids,  as  in  the 
act  of  fermentation.  All  liquids  from 
which  bubbles  of  gas  rapidly  escape,  so 
as  to  resemble  boiling,  are  said  to  effer- 
vesce. 

EFFLORESCENCE.  Is  the  spontane- 
ous conversion  of  a  solid,  usually  crystal- 
line, into  a  powder,  in  consequence  either 
of  the  abstraction  of  the  combined  water 
by  the  air,  as  happens  to  the  crystals 
of  sulphat-e  and  car  Donate  of  soda ;  or  by 
the  absorption  of  oxygen  and  the  forma- 
tion of  a  saline  compound,  as  in  the  case 
of  alum  schist,  and  iron  pyrites.  Salt- 
petre appears  as  an  efflorescence  upon 
the  ground  and  walls  in  many  situa- 
tions. 

EDGE-TOOLS.  (See  Cutlery  and 
Steel.) 

EGG.  The  ovum  of  birds  and  other 
oviparous  animals.  The  changes  which 
the  lien's  cgar  undergoes  during  mcubation 
have  been  described  by  Sir  E.  Home  in 
the  Philm(jphical  Transactions  for  the 
year  1822,  page  339,  and  illustrated  by  a 
beautiful  series  of  plates  after  Bauer's 
drawings ;  the  same  volume  also  contains 
a  valuable  paper  by  Dr.  Front  on  the 
same  subject,  but  chieflv  in  reference  to 
the  chemical  changes  of  the  e^^  during 
that  process.  The  specific  gravity  of 
new-laid  egifs  at  first  rather  exceeds  that 
of  water,  varying  iVom  lObO  to  1090;  but 
they  soon  become  lighter,  and  swim  on 
Avater,  in  consequence  of  evaporation 
through  the  pores  of  the  shell.  When 
an  cifg  is  boiled  in  water  and  suffered  to 
cool  in  the  air,  it  looses  about  32  hund- 
redths of  a  grain  of  saline  matter,  to- 
gether with  a  trace  of  animal  matter  and 
free  alkali.  The  mean  weight  of  a  hen's 
CLTiT  is  about  875  grains,  of  which  the  slieh 
and  its  inner  membrane,  wcitrh  93*7 
grains,  the  alhumen,  or  white,  r)29"8  ffrs., 
and  the  yolk  2')] -8  gr».  The  shell  con- 
tains ubout  2  per  ctnt.  of  animal  mutter 
an<l  1  per  cent,  of  the  pliosphatcs  of  lime 
and  mai^ncsia,  the  remainder  Vjcinir  carbo- 
nate of  lime,  with  a  trace  of  carbonate 
of  magnesia.  When  tlieyoik  of  a  lund- 
boiled  egtr  is  digested  in  repeated  por- 
tions of  strong  alcohol,  there  reinuius  a 
white  residue  having  the  leatlini:  charac- 
ters of  albuTUcn,  but  containing  phospho- 
rus in  some  peculiar  state  of  eojnbinu- 
tion;  the  alcoholic  sohition  is  yellow, 
and  deposits  a  crvstallinc  fatty  matter, 
and  when  distilled  leaves  a  vellow  oil. 
I  Tlie  albumen  of  the  ecrtr  contains  sulphur. 
I  The  use  of  the  phosphorus  is  to  yield 
:  phosphoric  acid  to  form  the  bones  of  the 
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ohick;  but  the  source  of  the  lime  with 
which  it  is  combined  is  not  apparent,  for 
it  has  not  been  detected  in  the  soft  parta 
of  the  eggy  and  Jiitiierto  no  vascular  com- 
ninnication  has  been  discovered  between 
the  chick  and  the  shell. 

EGGS,  HATCHING.  {S^  Inctbation, 
Artificial^ 

EIDER-DOWN  is  a  kind  of  precious 
down,  so  called  because  it  is  obtained 
from  the  Jiidtr-<^uck.  These  birds  build 
their  nests  among  precipitous  rocks,  and 
the  female  lines  them  with  fine  feathers 
plucked  from  her  breast,  among  which 
she  lays  her  five  eggs.  The  natives  of 
the  districts  frequented  by  the  eider- 
ducks  let  themselves  down  by  cords 
among  the  dangerous  cliffs,  to  collect  the 
down  from  the  nests.  It  is  used  to  till 
coverlets,  pillows,  cushions,  <fec. 

ELAINE  is  the  name  given  by  Chcv- 
reul  10  tlie  thin  oil  which  may  be  cxpcl- 
ied  from  tallow,  and  other  fats,  soU<l  or 
fluid,  by  pressure  either  in  their  natuiul 
state,  of  fttler  being  saponified,  so  as  to 
harden  the  ^UaHne.  It  may  l)e  extracted 
also  by  digesting  the  fat  in  7  or  8  times 
its  weight  of  boiling  alcohol,  spec.  grav. 
0-798,  till  it  dis.HoIves  tlic  whole.  Tj-on 
cooling  the  solution,  the  stearine  falls  to 
the  bottom,  while  the  elaine  collects  in  a 
layer  like  olive  oil,  upon  the  surliice  of 
the  supernatant  solution,  reduced  by 
evaporation  to  one-ciglitb  of  its  bulk.  If 
this  elaine  be  now  exposed  to  a  cold  tem- 
perature, it  will  def)osit  its  roiiiaiiiiii}.'' 
stearine  and  become  pure.  Sec  Fat,  Uils, 
and  Stearine. 

ELASTICITY.  In  riiysio?,  that  prop- 
erty which  certain  b'Hlics  por-scss  of  rc- 
coverincT  their  ]>riiiiitivc  fonii  and  dimen- 
sions atXer  tlic  cxtenuil  force  by  wliicli 
they  have  been  dilated  or  eomjircssed  <ir 
bent  is  witlidrawn. 

The  theory  <jf  elasticity  must  l>e  deduct- 
ed fri-iiii  some  hypollicsis  rc>pe(tii)Lr  tlie 
constitution  of  iimttci'.  The  smi|>U->t  and 
most  general  view  winch  can  he  taken  ot" 
the  Buhjeet  is,  tliat  all  nuUler  is  c')Iiiim>- 
sed  of  indetinitely  small  )>nrt>  or  ///**//«•////> 
acted  upon  by  altmetivc  and  ri-nulsive 
forces.  The  attractive  forces  result  Ir<>ni 
the  action  f>f  the  imoUm  iihs  on  eaeh  other  ; 
the  rei>ulsive  torecs  iVomthc  cal<>ric  with 
which  the  inojccule.-s  are  combined. 
From  the  coTul)incd  action  <»f  thoe  tw«i 
forces,  the  attr:i<'tion  <'^  iniitlcr  and  the 
re[)ulsioM  of  (-.tl.irir,  the  diileiint  lurm-' 
of  matter  and  its  varied  ph\^ie;ll  pr<«}>t  r- 
ties  may  he  c\j'l;iined. 

This  view  ot  the  ci>nstilution  of  j.oilics 
supposes  that  the  molceulcs  arc  jmt    in 


contact,  but  at  a  oeitain  distance  from 
each  otner,  which^  though  it  is  to  be  re- 
garded as  indefinitely  small  in  compari- 
son of  anv  distance  appreciable  by  our 
senses,  aJmits  nevertlieless  of  increase 
and  diminution.  "When  a  body  is  in  a 
state  of  rest,  the  opposite  forces  w^hicU 
any  two  of  its  contiguous  molecules  exer- 
cise on  eaeh  other  are  in  eouilibrium. 
The  energy  of  the  forces  also  aepends  on 
the  distance  between  the  two  moleculcb, 
or,  in  mathematical  language,  is  a  func- 
tion of  that  distiince.  If  the  distance  be 
increa.sed  within  the  limits  of  the  action 
of  the  forces,  both  forces  are  diminished ; 
and  if  the  distance  is  diminished,  both 
are  increased,  but  not  in  the  same  pro- 
portion. If  the  interval  at  which  the  two 
tbrces  balance  each  other  be  diminished, 
the  repulsive  force  l>ecomes  stronger  than 
the  attractive  force,  and  the  two  mole- 
cules are  repelled  from  each  other;  on  the 
contrary-,  it  the  distance  V)e  increased,  the 
attractive  force  acquires  the  superioritv, 
iuul  the  molecules  are  drawn  towarils 
eaeh  other. 

Elasticity  is  perfect  when  the  body  ex- 
actly recovers  its  primitive  form,  after  the 
force  by  which  it  is  bent  or  compressed 
or  dilated  has  been  removed,  in  the  same 
lime  as  was  required  for  the  force  to  pro- 
duce the  alteration.  This  perfect  elasti- 
city is,  however,  not  found  in  anv  of  the 
bodies  of  nature  ;  the  aeriform  nuids  or 
gases  arc  those  whose  elasticity  approach- 
es the  nearest  to  it.  Hard  bodies,  even 
tempered  steel  and  ivory,  possess  it  in  a 
less  degree ;  in  fluid  substances  the  elas- 
tic force  is  greatly  diminished;  and  in 
si.tt  IxKlies,  as  butter,  moist  clay,  it  en- 
tirely disiippears.  In  solid  IvkHcs  the 
elastic  force  is.  in  general  diminibhed  by 
Use,  or  by  a  long  continued  application  of 
a  straining  force.  A  bow  which  has  been 
loni;  bent,  or  a  spring  which  has  been 
long  compressed,  will  not  entirely  recover 
its  oriirinal  tonn.  In  numy  eases  the 
elasticity  «>f  a  body  can  be  augmented  by 
pruducing  a  closer  aggregation  of  tlic 
molecules.  The  metals,  for  example,  are 
rendered  more  elasticby  hammering  them 
eold,  or  by  alloNs.  Iron  and  steel  accpiire 
a  LTieater  elasticity  by  t> ni}>frnio  ;  that  is, 
I>y  ]>roducinLr  a  sudden  contraction  of 
their  \oIiimes  when  they  have  been  ex- 
panded b_\   heat. 

'I'h<-  jtrincipal  ]dienoniena  of  elastic 
hodio  ari'  tlie  follo\%ing: — 1,  That  an 
ci!i>iic  IhmIv  (the  elasticity  being  suj^>- 
jH.x'.l  ].ertect  I  exerts  the  same  lon^c  in 
cimIi  avoiiiiL'  to  n  store  itself,  as  that  with 
w  hi(  h  it  was  co!]i]»ressed  or  bent.     2,  The 
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foroe  of  elastic  bodies  is  exerted  eanally 
in  all  directions,  bat  the  effect  cnicily 
takes  pliice  on  the  side  on  which  the  re- 
Bidtanco  is  the  least.  8.  When  an  elastic 
solid  body  is  made  to  vibrate  by  a  sodden 
stroke,  the  vibrations  are  performed  in 
equal  times,  to  whatever  part  of  the  body 
the  stroke  mav  be  commnnicated.  Thns, 
sonorous  bodies  always  emit  soonds  of 
the  same  pitch ;  and  tno  difference  of  the 
pitch  depends  on  the  jEjeater  or  less  tre- 
qnency  of  the  vibrations  of  the  sonorous 
hody,  4,  A  body  perfectly  incomoressi- 
ble  cannot  be  elastic,  therefore  bodies 
perfectly  solid  can  have  no  elasticity ;  and 
nencc,  also,  the  small  deg^ree  of  elasticity 
belon^in^iC  to  the  liquids  which  are  emi- 
nently incompressible. 

ELASTIC  BANDS.  The  manufacture 
of  braces  and  grarters,  with  threads  of 
caoutchouc,  either  naked  or  covered, 
B^cms  to  have  originated,  some  time  a^o, 
it  Vienna,  whence  it  was  a  few  years 
since  imported  into  Paris,  and  thence 
into  this  country.  At  first  the  pear- 
shaped  bottle  of  Indian  rubber  was  cut 
into  long,  narrow  strips  by  the  scissors  ; 
a  liingle  operative  turning  off , only  about 
100  yards  in  a  day,  by  cutting  the  pear 
in  a  spiral  direction.  lie  succeeded  next 
in  separating  with  a  pair  of  pincers  the 
several  layers  of  which  the  bottle  was  ' 
composed.  Another  mode  of  obtaining 
fine  threads  was  to  cut  them  out  of  a 
bottle  which  had  been  rendered  thin  by 
inflation  with  a  forcing  pump.  All  these 
operations  are  facilitated  by  previously 
steeping  the  caoutchouc  in  boiling  water, 
in  its  moderately  inflated  state.  More 
recently,  machines  have  been  success- 
fully employed  for  cutting  out  these  fila- 
ments ;  out  for  this  purpose  the  bottle  of 
caoutchouc  is  transformed  into  a  disc  of 
equal  thickness  in  all  its  parts,  and  per- 
fectly circukr.  This  preliminary  opera- 
tion is  executed  as  follows  :  1st,  the  bot- 
tle, softened  in  hot  water,  is  squeezed 
between  the  two  plates  of  a  press,  the 
neck  having  been  removed  beforehand, 
as  useless  in  this  point  of  view ;  2d,  the 
bottle  is  then  cut  into  two  eanal  parts, 
and  is  allowed  to  consolidate  by  cooling 
before  subjecting  it  to  the  cutting  instru- 
ment. When  the  bottle  is  stronff  enouflrh, 
aiul  of  variable  thickness  in  its  different 
TK)int.<*,  each  half  is  submitted  to  power- 
ful pressure  in  a  very  strong  cylindrical 
moiud  of  metal,  into  which  a  metallic 
pinnirer  descends,  which  forces  the  caout-  ' 
clionc  to  take  the  form  of  a  fiat  cylinder  ; 
with  a  circular  base.  This  mould  is 
plunged  into  hot  water  during  the  com- 


pression. A  stem  OT  rod  of  iron,  which 
goes  across  the  hollow  mould  and  piston, 
retains  the  latter  in  its  place,  notwith- 
standing the  resilience  of  the  caoutchouc, 
when  the  mould  is  taken  f^om  the  press. 
The  mould  being  then  cooled  in  water, 
the  caoutchouc  is  withdrawn. 

The  transformation  of  the  disc  of 
caoutchouc  into  fine  threads  is  perform- 
ed by  two  machines ;  the  first  of  which 
cuts  it  into  a  riband  of  equal  thickness 
in  its  whole  extent,  running  in  a  spiral 
direction  fVom  the  circumference  to  the 
centre ;  the  second  subdivides  this  riband 
lengthwise  into  several  parallel  filaments 
much  narrower,  but  equally  thick. 

The  threads,  when  brought  to  this 
state  of  slenderness,  are  put  success  /vely 
into  tubs  filled  with  cold  water ;  they  ore 
next  softened  in  hot  water,  and  elongated 
as  much  as  possible  in  the  following  man- 
ner:— They  are  wound  upon  a  reel  turn- 
ed quickly,  while  the  operative  stretches 
the  caoutchouc  thread  with  his  hand. 
In  this  wav  it  is  rendered  8  or  10  times 
longer,  'rtie  reels  when  thus  filled  are 
placed  during  some  days  in  a  cold  apart- 
ment, where  the  threads  become  firm, 
and  seem  to  change  their  nature. 

This  state  of  stiffneys  is  essential  for 
the  success  of  the  subsequent  operations. 
The  threads  are  commonly  covered  with 
a  sheath  of  silk,  cotton,  or  linen,  by  a 
braiding  muchiue,  and  are  then  placed  as 
warp  in  a  loom,  in  order  to  form  a  nar- 
row web  for  braces,  garters,  Ac.  If  the 
gum  were  to  exercise  its  elasticity  during 
this  operation,  the  different  *  threads 
would  be  lengthened  ond  shortened  in 
an  irrcjffular  manner,  so  as  to  form  a 
puckered  tissue.  It  is  rec^uisite  there- 
fore to  weave  the  threads  m  their  rigid 
and  inextensible,  or  at  least  incontractile 
condition,  and  after  the  fabric  is  woven 
to  restore  to  the  threads  of  caoutchouc 
their  appropriate  elasticity.  This  re- 
storation is  easily  effected  by  passing  a 
hot  smoothing  iron  over  the  tissue  laid 
smoothly  "pon  a  table  covered  with 
blanket  stuff. 

ELE(TIVE  AFFINITY,  denotes  the 
order  of  preference,  so  to  speak,  in  which 
the  several  clieinicul  substJinces  choline  to 
combine  ;  or  really,  the  grodation  of  at- 
tractive force  infused  by  Alniitrlity  AVis- 
doni  among  the  different  objects  of  na- 
ture, which  determines  perfect  uniformity 
and  identity  in  their  compounds  amidst 
indefinite  variety  of  combimition.  The 
discussion  of  this  interesting  subject  be- 
lonL'"s  to  pure  cliemistrv. 

ELEOTKICAL  W  aVES,  VBLoorrv  of. 
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Some  inprenions  experiments  have  been 
performed  at  the  Ciucinimtl  Observatory, 
m  connection  with  the  nuiifnetic  tcle- 

fraph,  to  asocrtoin  if  there  be  any  scnsi- 
le  time  occupied  in  the  tran8mi»t«ion  of 
the  wave  or  current  of  electricity  between 
the  two  pointed  wliere  relative  lonfi:Ltudcs 
are  required.  If  there  be  a  sendible  velo- 
city, it  must  involve  a  correction  for  the 
difference  of  lonjritude  as  determined  by 
star  signals  passed  along  the  waves  or 
thn>uiy:h  the  ground  by  electrical  cur- 
rents between  the  two  observatories. 
Thus  far,  Professor  Mitchell  says,  all  re- 
sults tend  to  the  conclusion  that  there  is 
no  sensible  wave  time.  Other  methods 
may  lead  to  a  ditfcrent  conclusion.  Ex- 
periments performed  some  months  since, 
oy  Mr.  Walker,  lead  that  gentleman  to 
believe  he  had  detected  and  measured  a 
wave  time.  The  subject  is  interest liiir, 
and  now  becomes  important  as  an  ele- 
ment in  the  determination  of  longitudes 
by  the  mmrnetic  telegraph. 

ELECTRIC  (;L0(:K.  The  first  public 
clock  of  this  kind  in  the  United  States 
was  placed  n>>ove  the  ehief  entiy  of  the 
Bonk  of  Louisiana,  New  Orleans.  It  is 
a  beautiful  ol>jeet  to  look  at  from  the 
street,  but  there  is  something  still  more 
interesting  connected  with  it.  This  eon- 
siHts  of  the  method  enj|»loved  for  setting 
the  hands  in  motion,  which  is  by  elec- 
thcitv. 

At  the  Tijink  of  Louisiana  there  is  no- 
thin^r  but  the  dial  and  tiie  lioiir  and  nii- 
pute  hands;  the  clock  is  in  Mr.  Fosti'r's 
biore,  where  al>o  is  the  iralvanie  pile  iVom 
which  the  eonductinLr  wire  leaus  to  the 
Bivnk,  i)a>^t  th*'  a<lj«>iniiiir  liouscs,  and 
alonix  whieh  tlie  elcctrii.'  eiirrent  travels 
that  njoves  the  hands.  A  person  stand- 
ing in  the  street  can  '>ee  Ix.tli  li_\  day  and 
by  niifht  the  jiroi^'re^s  ui'  ilu'  niiniiti- 
hind,  wliii'h  moves  every  half  minute. 
(iS*#  ("Mm)NoaKyvrH.) 

ELE(TK()-MA(4NKTISM.  When  a 
current  of  eleetrieitv  is  traversinjr  any 
Bnbstaiice,or  when  elei'ti-ieit\  is  in  motion 
mjiL'netisin  Is  at  tlie-aJiie  tiitie  <levcloi>e<l. 
This  t"aet  was  lir>t  ohsiTve.l  liv  I'rofosnr 
Oersted,  of  ( 'npenhaL'en,  and  has  he- 
come  the  sniiree  «.t'  an  important  series 
of  *liseoverie>  iiirliKk'd  uikUt  the  ai)ove 
term.  The  exciiation  of  rnaLTiietihrn  de- 
pends uiw»n  '/'^/////7//  of  t'lci-irieity,  and  is 
iHjHt  observed  in  the  win'  wliieh  el(»ses 
the  Voltaic  circle,  <'--j.r<'i;iIly  o\'  one  or 
more  pair-<  of  lar^'c  pi. it.-,  ft' a  nia'.'netic 
needle  he  liroiijht  nt  :.r  a  wire  tlir-'UL'l) 
which  an  elcftric  ciiiniit  is  ]ias.>lii:_r^  it 
W'll   imnit'diatclv  de\ial«'   t'rom   it*,   ii^-inl 


SOftition,  and  assnme  a  dcw  one,  dopen- 
ent  upon  the  relative  position  of  th« 
needle  and  the  wire.  On  placing  the 
electric  wire  cUM?ve  and  parallel  to  the 
magnet,  the  pole  next  the  negative  end 
of  the  battery  alwaj's  moves  to  the  west ; 
and  when  the  wire  is  placed  tinder  the 
needle,  the  same  pole  turns  to  the  ea^t. 
When  the  electric  wire  is  on  the  same 
horizontal  plane  with  the  needle,  no  de- 
clination takee  place;  but  the  magnet 
shows  a  disposition  to  move  in  a  vertical 
direction,  the  pole  next  the  negative  side 
of  the  battery  oeing  deprcai»ed  when  the 
wire  is  to  the  west  ot  it,  and  elevated 
when  it  is  to  the  eui»t. 

The  magnetic  phenomena  of  a  wire 
tnmsmitting  electricity  ore  such  as  ap- 
p>ear  to  depend  upon  the  circulation  of 
mairnetism  at  right  angles  to  the  electric 
current,  so  that  if 
N  P  represent  the  « 

wire  transmitting     at—.    ■     ■  -^r 

a  current  of  dec-  t 

trieity  in  the  di- 
rection of  the  horizontal  darts,  a  enrrcnt 
of  matrnetism  will  bi*  established  in  the 
direction  of  the  vertical  dart,  appcarimr 
to  move  round  the  jLxis  of  the  electric 
current ;  hence  the  term  rtrtifnuovti  or 
rotary  magnetism,  applied  to  these  i)hc- 
nomena:  an<l  hence  the  motion  of  the 
pole  of  the  nuitrnet  round  the  eler'tric 
wire,  or  (»f  the  electric  wire  round  the 
])ole  of  the  nuicrnot,  when  they  respec- 
tively arc  so  arranged  as  to  be  able  to 
move  freely  in  anv  direction.  If  a  steel 
needle  l>c  j»laeed  in  contact  with  the 
eU'trie  wire,  and  parallel  to  it,  it  itcquires 
op]K)>itc  niaLMictisms  unf)n  its  two  sides; 
hut  if  it  he  ]>laeed  at  right  angles  to  the 
<'<»nnectint:  wire,  it 
becomes  ])oIar,  and 
]>ennaneMtly  niair- 
nclic.  If  the  elec- 
tric wire  be  twist- 
ed   into    a    sj)inil, 

and  the  steel  needle  placed  within  it  ('as 
in  the  cut",  it  is  retanied  there,  and  l>c- 
eonics  a  inon-  powerful  magnet  in  odise- 
•  jiicni'C  of  the  repetitions  and  direction 
of  tiic  electric  and  magnetic  current^,  jus 
will  1m'  I'vidmt  from  the  annexed  lijure, 
^\  here  <i  re]ircscnts  a  ijlass  tube  with  the 
wire  T  eoiive>infr  the  electric  current 
twisted  round  it  ;  the  darts  at  the  ends 
of  which  sh(»w  the  inu'ress  and  e<jre>>s  of 
the  cli-ctricity,  and  the  transverse  darts 
the  diicciioii  f)t"  the  iiKiirnetie  current, 
ll'  the  c\;,ii(lcr  ir.uiid  wl/n'h  tlu*  wire 
coii\i'\inLr  the  I'Icclric  I'lirreiil  i<  twisted 
be  ol'^teel.  it  becouM's  a  j>eni.anent  mat'- 
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net ;  if  of  pure  soft  iron,  it  becoinc»  a 
temporazy  magnet,  so  long  as  the  electric 
current  is  in  motion,  and  « 
and  n  are  powerfully  opposed 
poled.  If  the  bar  be  bent,  as 
m  the  annexed  cut,  a  power- 
ful hori«e-shoe  magnet  is  ob- 
tained when  the  ends  ^  n  of 
the  copper  wire  twisted  round 
it  are  connected  with  the  vol- 
tuc  circle ;  and  a  single  pair  of  plutes  is 
sufficient  for  the  purpose. 

ELECTRO-MAGNETIC  ORE  SEPA- 
RATOR. Mr.  Ransom  Cook  has  pa- 
tented a  machine  for  separating  the  maj?- 
petic  iron  from  the  rock  witn  which  it 
is  associated.  Uo  omplovs  a  revolving 
cylinder  or  drum  with  electro-magnetic 
poles  on  its  circumference.  When  the 
crushed  ore  passes  underneath  the  re- 
volving cylinacr,  the  oxide  of  iron  is  at- 
tracted to  the  cylinder,  leaving  the  im- 
pnrilies  behind :  when  the  drum  is 
chaiged  with  ore,  the  cylinder  is  freed 
from  connection  with  tne  battery,  and 
the  ore  then  losing  its  attractive  force, 
drops  off  into  the  receiving-box. 

ELECTRO-MAGNETISM.  (Motive 
Power  or.)  Numerous  attempts  have 
been  made  to  apply  electro-magnetism  as 
a  power  for  movmg  machines,  and  parti- 
cnlari;y  by  the  apparatus  emploved  by 
Jacobi,  Dal  Negro,  M'Gauley,  \V heat- 
stone,  and  the  machines  recently  con- 
structed hy  Mr.  Iljorth.  However,  not- 
withstanding the  talent  which  has  been 
devoted  to  this  interesting  subject,  and 
the  large  amount  of  money  wiiich  has 
been  spent  in  the  construction  of  ma- 
chines, the  public  are  not  yet  in  posses- 
sion of  any  electro-magnetic  macliine 
which  is  capable  of  exerting  power  eco- 
nomically. 

The  moat  remarkable  experiments  are 
those  of  Professor  Jacobi,  who,  in  1  Sob 
and  -39,  succeeded  in  propelling  a  ixnit 
upf>n  the  Neva  at  the  rate  of  four  miles 
on  hour. 

Mr.  Hjorth's  engine  embraces  many 
new  features  that  promise  to  render  the 
power  more  effective  th.m  hitherto.  One 
of  the  electro-maifncts  nuule  for  the  Inrire 
en^riiie,  in  a  recenl  trial,  8uj)|>(>rted  near- 
ly .'HMK>  lbs.,  and  its  attractive  lorce  at  J 
of  an  inch  wa.H  equal  to  nearly  !.')<>(»  Ihs. 
As  this  force  con  be  raultiiilied  without 
limits,  it  is  reduced  to  a  question  of  ccon- 
onjv  and  convenience. 

^ho,  jKjwcr  of  electro-macrnets  can  bo 
incnuscd  without  limitation.  A  voltnic 
current  produced  by  the  chemical  di^tiir- 
biince  or  the  elements  of  any  battery  no 


matter  what  its  form  may  be,  is  capable 
of  producing  by  induction  a  magnetic 
force,  this  magnetic  force  being  always  in 
an  exact  ratio  to  the  amount  of  mutter 
(zinc,  iron,  or  otherwise)  consumed  in 
the  batterj'. 

The  greatest  amount  of  magnetic  force 
is  produced  when  the  chemical  action 
is  most  rapid. 

Hence,  in  all  machines,  it  is  moro 
economiciil  to  employ  a  battery  of  intense 
action,  than  one  m  which  the  chemical 
action  is  slow.  It  has  been  proved  by 
Mr.  Joule,  and  most  satisfactorily  con- 
firmed by  Mr.  R.  Hunt,  that  one-horse 
power  is  obtainable  in  an  electro-magnetic 
engine,  the  most  favorably  constructed 
to  nrevent  loss  of  power,  at  the  cost  of 
45  lbs.  of  zinc,  in  a  Grove's  battery,  in 
24  hours,  while  15  lbs.  are  consumed  in 
the  same  time  to  produce  the  same  power 
in  a  battery  of  Daniell's  construction. 
The  intensity  of  Danieirs  battery  being 
i  that  of  Grove's.  The  cause  of  this  was 
referred  to  the  necessity  of  producing 
a  high  degree  of  excitement,  to  overcome 
the  resistance  which  the  molecular  forces 
offer  to  the  electrical  perturbations,  on 
which  the  magnetic  force  depends. 

What  amount  of  magnetic  power  can 
be  obtained  from  an  eouivalent  of  any 
material  consumed  ?  Tne  following,  re*^ 
gardcd  as  the  most  satisfnetory  results 
yet  obtained: — 1.  The  force  of  voltaic 
current  being  equal  to  673,  the  nuniVjcr 
of  grains  of  zinc  destroved  per  hour  was 
151,  which  raised  OouO  lbs.  one  foot  hiirh 
in  that  time.  2.  The  force  of  current 
being,  relutively,  18U0,  the  zinc  destroyed 
in  an  hour  was  ti'Jl  grains,  which  raised 
10,030  lbs.  through  tlie  sj)ace  of  one  foot. 
8.  The  force  beinir  looo,  the  zinc  con- 
sumed was  2'2'-i  jrrains;  tiic  weight  litling 
one  foot  l'J,G72  lbs.  Tlie  estimations 
nuule  by  Messrs,  Scoresby  and  Joule, 
and  the  results  oi>taine«l  l>y  Oersted,  and 
mure  recently  by  Mr.  Hunt,  very  nearly 
agree  ;  and  it  was  stated  that  one  ^n-nin 
of  cr>al  consumed  in  the  lurniioe  of  a( 'Or- 
nish entfiuc  lilted  14M  lbs,  one  foot  hiuh, 
whereiis  one  irniin  of  zinc  consumed  in 
the  batterv  lifted  onlv  So  lbs.  The  cost 
of  1  ewt.  of  coal  is  under 'Jd. ;  the  cost 
of  1  cwt.  of  zinc  is  above  '2\ik\.  There- 
fore, under  the  nio-^t  perfect  eonditions, 
nui<:netie  power  must  he  nearly  ti.'i  limes 
more  e\j»ensive  than  steam  power.  I?Vit 
the  author  proceeded  to  ^how  tluit  it  was 
uhuo>t  pnned  t<»  l)e  an  iuij'os'-ibility  ever 
to  reacli  thi^,  owiiiir,  in  the  lirst  ]»hi«.-e.  to 
the  rate  with  which  the  force  (liminislies 
throuirh  space.     As  the  mean  (»!'  a  irreat 
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many  experiments  on  a  large  variety  of 
magnets,  of  different  forms  and  modes  of 
oonstruction,  the  following  result  was 
given :  • 

Magnet  and  annatnre  In  contact,  Ibe. 

lifting  force      .       .       -  -       220 

distant  1-SSO  of  an  inch    90  6 
tt  u,      1.J25       **  60  T 

«  •*      1-68         "  60  1 

"  "      1-60         "  40  6 

Thus  at  one-fiftieth  of  an  inch  distance 
four-fiftlis  of  the  power  is  lost.  This 
great  reduction  of  power  takes  place  when 
the  magnets  are  stutioiiury.  Mr.  K. 
Hunt  has  also  shown  that  the  moment 
they  were  set  in  motion  a  great  reduction 
of  the  original  power  inniiediately  took 

Since  :  that,  indeed,  nny  disturbance  pro- 
uced  near  the  poles  ot'  a  nuigiiet  dimin- 
ished, during  the  continuuiice  of  the  mo- 
tion, its  attractive  force.  The  attraclive 
force  of  a  nuifcfnet  being  \'tO  lbs.  when 
free  of  disturbance,  fell  to  ono-balf,  by 
occasioning  an  armature  to  revolve  Jicar 
its  poles.  Therefore,  when  a  system  of 
nuignets  which  had  been  constructed  to 
p'oduce  a  given  power  is  set  in  revolu- 
tion, every  magnet  at  once  sutfei-s  an  im- 
mense loss  of  power,  and  consequently 
their  combined  action  falls  in  practice 
very  far  short  of  their  cstinuited  power. 
This  fact  has  not  been  before  distinctly 
stated,  althouL'h  it  is  well  known  that 
Jacobi  observed  it.  And  not  merely 
does  each  m;itrnct  thus  sustain  an  actual 
loss  of  ]v»\vor,  but  the  power  thus  lo.nt 
is  converted  into  a  new  t«»rm  of  t'oree,  or 
or  rather  lu-eomes  a  enrrent  of  eleelri- 
city,  aetin^;  in  o|>pnsitii>n  to  the  primary 
current  bv  whii-h  the  nuiirneti>m  is  in- 
dui'od.  tn»man  examinaticn  nt"iill  the^e 
results,  Mr.  Hunt  is  dispo>ed  to  rcirard 
electro-mairnetie  power  as  impractieable, 
on  account  of  its  eo^t,  which  must  neees- 
sarily  he,  he  conecives,  under  the  be^t 
con<iition»,  fifty  times  more  expensive 
than  steam  power,  and  is  at  present  at 
least  !.')(>  tinies  as  expensive. 

On  the  other  hancl,  in  oj. position  to 
the  l'oreiroinfreon<'lu.sion>,  Trotesso!-  Paire, 
of  WasliinL'toM,  Ims  eon*«triu-tt-d  a  niu- 
cliine  either  for  hx-oniotion  or  station- 
ary work.  He  liar*  exhil'ited  it  in  tlie 
STnitli>onian  ln>»titnte.  and  a  ^^"a^llin^rt<>n 
paj'cr  thr.s  describi-s  the  cireunistanee  : 

"lie  then  cxliibifed  his  enLniie,  of  l>e- 
tween  tour  and  live  horse  f»o\ver,  operat- 
ed by  a  battery  within  the  -'pare  ot  tlnve 
cnl>ie  t'eet.  It  looked  \ery  niilik*-  a  ni:iL'- 
netie  maehine.  It  was  a  recipiocMtlnL' 
euL'inc  of  two  t'eet  ^rrok(^  and  llie  wiiok- 
butterv   antl  en<rine  weiLdied  aiioiit   one 


ton.  When  the  power  -wm  thrown  on 
by  the  motion  of  a  lever,  the  engine 
started  off  magnificently,  making  one 
hundred  and  fourteen  strokes  p«»r  min- 
ute ;  though  when  it  drove  a  circular  saw 
ten  inches  in  diameter,  saw^ing  up  boards 
an  incii  and  a  quarter  thick  into  laths, 
the  engine  made  but  about  eighty  strokes 
per  minnte.  There  was  grreat  anxiety  on 
the  part  of  the  spectators  to  obtain  sj>eci- 
mens  of  these  laths,  to  preserve  as  tro- 
phies of  this  great  mechanical  trinmph. 
The  force  oj>erating  npon  his  magnetic 
cylinder  throughout  the  whole  motion  of 
two  feet,  was  stated  to  be  six  hundred 
pounds  when  the  engine  was  moving 
very  slowly,  but  he  had  not  been  able  to 
uscertain  what  the  force  was  when  the 
engine  was  running  at  a  working  spcK^d, 
though  it  was  considerably  less.  The 
most  important  and  interesting  point, 
however,  is  the  expense  of  the  power. 
Professor  Paffc  stateci  that  he  had  reduced 
the  cost  so  far,  that  it  was  less  than  steam 
uiuler  many  and  most  wniditions,  thoui^h 
not  so  low  as  the  cheapest  steam  engines. 
With  all  the  imperfections  of  the  engine, 
the  c<»n8umption  of  three  pounds  of  r.inc 
per  day  would  produce  one  horse  power. 
The  larger  his  ensfines  (contrary  to  what 
has  been  known  before »,  the  greater  the 
economy.  Professor  Page  was  himself 
surprised  at  the  result.  There  were  yet 
practical  ditlicultics  to  be  overcx)nie  ;  the 
t>atterT  had  yet  to  be  improved :  antl  it 
remained  to  try  the  experiment  on  a 
grander  sealc,  to  make  a  ]H)wer  of  one 
hundred  horse,  or  more.  ( .^r Ixkomotive.) 

Kl.KlTKO  MKTALLUKGY.  Bythis 
clcL^nit  art  the  most  exact  copies  of  anv 
natural  i»r  artificial  olycct  can  be  obtained, 
or  the  surface  of  any  body  non-nu'tullie 
or  metal  nuiy  become  ct>ated  with  a  thin 
layer  or  fihu  of  cojiper,  pold,  and  silver, 
or  a  few  other  metals.  The  practical  dc- 
tail."*  of  the  arrantrcment  is  all  that  can 
find  a  space  in  these  ]>aares. 

(Jn  the  Fornix  and  Arramjinioit  of  Ap~ 
fhtfittim. — In  the  deposition  of  metals 
where  voltaic  electrieity  is  thcjwnver  em- 
ployed, there  are  two  deserii»tii>ns  of  ar- 
ranu'»iiient  :  the  first  where  the  surface 
on  whieh  the  depo-^it  is  formed  is  itself  a 
]>art  of  the  apparatus  whence  the  ]u»wer 
IS  uenerateil ;  tlie  other  in  whieh  the  ob- 
ject rieciviuL'  the  deposit  forms  no  part 
olthe  ii]'paratus,  but  where  the  jM»wer  is 
j.ro.'ured  from  a  batterv;  the  lonncr  is 
termed  the  sini/le  cell,  the  latter  the  bat 
ter\  jiroee^s.  Tlie  forms  of  voltaic  bat- 
teries used  arc  numerous,  and  in  most 
eases  kntuvn  bv  the  names  of  their  re- 
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spective  inTBOtora  ;  soch  as  DanielPB, 
Smec'a,  and  Grove's  batteries.  The  con- 
atant  bottery  of  Prof  eaaor  Daniell  will  be 
found  most  ^nerally  uaeful ;  it  is  termed 
constant  from  ita  poeaoaaing  the  power  of 
oontinaing  in  action  for  any  lengthened 
period :  it  may  be  made  in  varions  forma, 
and  conaiata  of  a  copper  cell,  divided  into 
two  parta  by  a  poroaa  diaphnupn  or  par- 
tition, which  may  be  formed  of  wood, 
paper,  plaster  of*  Paris,  earthenware,  or 
animaJ  membrane.  The  outer  cell  is 
filled  with  a  aatarated  solution  of  aul- 
phate  of  copper,  a  perforated  shelf  sup- 
plied with  crA'stals  of  this  salt  is  placed 
at  the  upper  portion,  aa  that  part  of  the 
solution  IS  soonest  weakened,  the  spe- 
cific gravity  retaining  the  stronger  por- 
tion below.  The  inner  cell  is  filled  with 
water,  to  which  a  few  drops  of  sulphuric 
acid  are  added,  and  in  which  n  rod  or 
plate  of  amalgamated  zinc  is  placed,  to 
which,  and  to  the  copper  of  the  outer 
cell,  wires  arc  attached.  This  battery 
may  be  generally  employed  for  the  pur- 
poses of  plating,  gilding,  and  platinizing, 
and  i<»  one  of  the  moat  economical  mo<le8 
of  reducing  copper.  The  simplest  form  of 
apparatus  used  for  the  deposition  of  me- 
tal, more  particularly  copper,  is  the  sinjrlc 
cell ;  it  resembles  in  the  number  of  its 
parts  a  Danieirs  batter}^ ;  the  surface  to 

be  deposited  on  repre- 
jjenting  the  copper  of 
the  outer  cell.  The 
diaphnigm  mny  be 
formed  of  plartter  of 
Paris,  brown  paper,  or 
thin  wood  ;  but  the 
action  is  almost  rapid 
when  the  diaphnigm 
is  thinnest;  if  a  mould 
of  metal  or  other  »ab- 
stancc  bo  attached  to 
the  zinc  in  the  cell 
containing  the  acid 
and  water,  and  intro- 
duced into  the  sul- 
phate solution,  if  th-j 
metallic  comnuinica- 
tion  between  the  mould  and  the  zinc  be 
complete,  af^er  a  short  immersion  the 
former  will  become  coated  with  a  depo- 
siticm  of  metallic  copper,  which  goes  on 
increasing  in  thickness  as  long  as  the 
Btrenjrth  of  the  cupreous  solution  is  kept 
up.  which  may  he  ilone  by  ])la<'inLr  a 
few  cryst:ils  of  sulphate  in  tlie  solu- 
tion. Within  a  few  moiitlis  past,  niai!"- 
neto-electric  ma<'hines  have  tK-en  em- 
ployed for  the  deposition  of  metals  ;  and 
m  Birminglmm,  plating  is  carried  on  to  a 


oonsiderabte  extent  by  machines,  formed 
by  peculiar  arrangementa  of  compound 
magnets,  one  of  which,  lately  manufac- 
tured by  Mr.  Woolrich,  is  capable  of  de- 
positing from  800  to  /SOO  ounces  of  ailver 
ger  week  ;  but  aa  such  machines  are  dif- 
cult  in  management,  and  expensive  in 
construction,  they  are  not  well  suited  for 
the  purposes  of  experiment. 

On  the  production  of  Moulds. — ^Monlds 
may  be  formed  either  of  metallic  or  non- 
metallic  substances ;  in  the  latter  case  it 
is  absolutelv  necessary  that  the  surface 
of  the  mould  submitted  for  deposition 
should  be  a  conductor  of  electricity,  and 
the  best  conductors  are  metals  ana  car- 
bon.   Moulds  for  small  objects,  as  coina 
or  medals,  mav  readily  be  made  of  lead 
or  fhsible  metal :  a  vcr>'  simple  plan  is  to 
place  the  object  between  two  strips  of 
the  former  metal,  scraped  perfectly  clean, 
subjecting  the  whole  to  the  action  of  a 
press.    Moulds  may  bo  formed  of  wax, 
stearinc,  tallow,  ploster  of  Paris,  sealing 
wax,  <fec.,  &c. :  the  surfaces  of  either  of 
these  materials  may  be  covered  with  good 
plumbajro,  atU*r  fixing  a  metal  wire  into 
the  nionld  to  be  deposited  on ;  the  pow- 
der should  be  rubbed  lightly  over  with 
a  sofl  brush,  taking  care  that  it  adheres 
to  all  parts.    The  deposition  takes  place 
at  the  wire  by  which  the  article  is  con- 
nected   with   the    battery  or    cell,    and 
spreads  gradually  from  that  point  till  the 
whole  surface  is  covered ;  but  this  pro- 
cess is  limited  to  the  deposition  of  cop- 
per only,   as  gold  and  silver  will    not 
spread  to  any  extent  on  a  black-leaded 
surface.     Wood  may  be  prepared  to  re- 
ceive a  deposit  in  the  following  manner: 
—The  surface  of  the  block  or  piece  in- 
tended to  be  deposited  on  ia  dipped  in  a 
weak  solution  of  nitrate  of  silver,  con- 
tained in  a  flat  vessel,  remaining  for  a 
few  minutes  in  order  that  by  capillary 
attraction  the   nitrate   of  silver   may  ho 
drawn  into  the  wood :  a  small  portion  of 
a  solution   of   phosplionis   in  spirits   of 
turpentine  being  poured  into  &  watch- 
glass,  and  placed  on  a  sand-bath,  is  al- 
lowed gradually  to  evaporate ;  on  hold- 
ing the  surface  of  the  wood  over  the  va- 
por an   innnediate    chancre    occurs,    tlio 
nitrate  of  silver  is  converted  into  nictjillic 
silver,  and   tlie   object  may  at   once  he 
])lac<'d  in  the  Imtterv  to  receive  a  deposit 
of  copper.     In  this  niiinner  the  intcri(»r 
of  a  iilaster  ni(»nld  nuiy  be  rcndcnd  a 
conductor;  hut   as  thif*  ].lan  can  only  lie 
adopte<l   with   siibstinices  whit'h   can   1)« 
wetted  with  the  holutinn  of  nitrate  of  nil- 
ver,  an  improvement  had  lately  been  in- 
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trodaced,  by  the  adoption  of  a  Boliition 
of  phosphorus  instciul  of  the  vapor  of 
that  8ul)stance.  The  best  known  solu- 
tiou  is  bisulphuret  of  Ciirbon,  which  easily 
dissolves  a  cojuiidcrable  portion  of  phos- 
phorus. 

If  the  article  to  be  coated  is  dipped  for 
a  moment  in  a  solution  of  one  part  of 
phos])horus  to  twelve  parts  of  bisuiphnret 
of  ciirbon,  on  w^ithdniwinjj  it  the  bisul- 
piuirct  of  carbon,  wliich  is  very  volatile, 
will  evaporate,  leavincf  a  film  of  phos- 
phorus on  the  surface;  the  article  is  then 
immersed  in  a  dilute  solution  of  nitrate 
of  silver,  or  sulphate  of  copper;  a  pre- 
cipitate of  silver  or  copper  is  immediately 
formed,  and  thus  becominij   nil  electric 
conductor  it  may  bo  introduced  into  the 
galvanic  cell,  and  the  process  will  proceed 
m   the   same   manner   as   it   does  when 
plumbasro  is  used  in  the  lirst  instance. 
By  this  simple  and  eleirnnt  method  the 
most  delicate  articles,   as  feathers,  tlow- 
ers,   fruit,  insects,  &c.,    may  be   coated 
with  metal.      The  surface  should   in  all 
cases  be  free  from   m(>i>ture  be  tore  it  is 
introduced    into   the    sohition    of    phos- 
phorus,  which    should  he  used  witu  the 
prreatest  care,   beinir  hiifhly  intlammablc. 
Phosphorus  added  to  wax  and  steariiie 
form  an  exeelhjnt  coatintr  for  casts,  ns  the 
surl'ace  becomes  a  conductor.     Moulds  of 
plaster  of  Paris  beiu::   very  porous,  re- 
quire to  1)0  saturated  with  wax,  oil,  var- 
nish, or  tallow,  Ix'lore  reeeiviiii/ a  coaliiiir 
of  plumbairo,    otlierwise   wlicn  ]>]aee(l  in 
the  solution   they  will  a)>S(>rlt  t he  li<inid. 
and  the  iiir  which  ])revioiisJy  tille<l  up  the 
pf>res   will   be    driven    out,    covrriiiL'   the 
snrt'iu'c  ot"the  mouM  with  small  itul)l)U'>. 
Fli'\ilile  tnoul'is  l«»r coiiyini^olijects  which 
are  UM'li-i'eut,  or  ovcrhuiii;,  may  ho  made 
of  a  mixture  of  Lfiuo  and  treacli-  ;    tlTiN 
mixture  is  ea-<ily  removed   from  the  pro- 
jectiuir  parts,   immediately  reirainincr  its 
proper  lorm. 

Tile  color  ofbroii/e  is  L'iveii  to  copper 
articles  «le])oslted  In'  voltait-  action  hy 
ditlcreiit  metho.ls,  A  very  >impli-  ].laii 
is  to  rub  the  article  witii  jilumhatro 
immeili:itel\ ,  or  a^  s"'>n  a-*  prtctic.i- 
ble,  at^rr  its  rcmoMil  tVcin  the  battciy  ; 
atUTward-  hcatiiiLf  it,  ami  ruhliinir  it  u  ilii 
a  hard  l>ru->li.  A  liu'liter  tint  may  he 
ol>tained  by  covcriiiLT  the  snrlacc  v.ith 
oxide  ot"  iron,  and  L^i^imr  it  a  c"ii»idci-a- 
l)K>  heat.  llvdr'.-iiljilinti'  ot'  aninuMiia 
privlu<'es  a  fine  c"liir.  an-l  a  di''i'c  -o'u- 
tion  of  ehl'-ri'ic  of'  jMitiniim  i:i\cs  liu- 
o''  cct  an  a-jrc  I'lj'-  tint. 


(Jh  A' -■//■.,-<;. //-o./.    /''/'/.,./.    /','./' 
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i«i/. — The  melal.-n   redueealilc    bv    \<>ltuic 


agency  for  purposes  of  atility  are  gold,  sil- 
ver, pfatinuni,  copper  and  zinc ;  these  may 
be  precipitated  from  their  salts,  or  ftoxn 
the  solutions  of  their  salts  in  any  material 
ctipable  of  dissolving  them,  and  any  de- 
sired deposit  may  be  made  by  adjusting 
the  strength  and* temperature  of  the  so- 
lution to  the  intensity  and  power  of  the 
current  of  electricity  employed.      Gold 
may  be  deposited  from  its  chloride,  bro- 
micle,  cyanide,  iodide,  sulphite,  and  hy- 
pos ulj)hite  ;  but  for  all  purposes  of  gil<l- 
ing.  It  is  well  to  use  a  solution  of  the 
cvanidcj  which  may  be  prepared  by  ad- 
Jinj?  oxide  of  gold  to  the  solution  of  cya- 
I  nide  of  potassium.     The  most  elitrible 
proportions  may  be  stated  as  follows : 
Two  pounds  of  cyanide  of  potassium  dis- 
I  solved  in  one  gallon  of  water,  to  which 
'  are  added  one  ounce  and  a  half  of  oxide 
;  of  cold ;    but  if  heat  is  employed,  and 
the  solution  is  raised  to  the  boiling  point, 
the  quantity  of  water  may  be  doubled. 
A  single  pint  battery  of  t)anieirs  jk)b- 
stisses   sunicicnt   intensity  to   gild   any 
sj>eeimen,  even  large  ones — the  articles  tc 
be  jrilt  must  of  course  be  attached  to  the 
zinc  of  the  battery,  and  a  plate  of  j;old, 
of  corres]>onding  or  greater  dimensions, 
to  the  copper.     The  surtiices  of  all  ob- 
jects to  be  irilt,  plated,  or  deposited  on, 
must  be  th(»roui:hly  cleansed  before  being 
introduced    into    the    solution  ;     oxide, 
LMcase,  or  other  impurities,  may  be  re- 
moved by  inunersion  in  dilute  sulphuric 
acid.      The  pold  thus  deposited  may  bo 
colored  to  produce  the  red  tint  so  «rone- 
rally  admired,  })y   being   coated   with   a 
mixture  t»f  acetate  of  copper,  sulphate  of 
alumina,  and  bees'- wax,  and  exposed  to 
heat  till  the  whole  is  eonsumea ;  and  a 
rich   oranire   color  may  In*   obtained  by 
L'cntly  boilinir  the  followinir  ingredients 
to'j-ctiier  in  water  till  they  have  a  creamy 
c<'n>ii>>tency  : — Five   j>arts    of   nitrate   of 
p<>ta«i-«a,  two])arts  of  sulphate  of  alumina, 
one  j)art  of  sulphate  of  zmc,  and  one  part 
of  sul{)hate    ot    iron.      The    gilt   obieot 
"'hould    then   be   dip]>ed   three    or    four 
times  in  the  eomjioMtion,  and  allowed  to 
hcconie   nearly  <iry.  and  afterwards  re- 
moved to  a  stove,  when,  accordinsr  to  the 
U  iiLftli  of  e\p<»sure  to  heat  the  denlli  of 
color  will  be  increased  :  it  should  hnally 
b«-   well   washed,   and  cleaned  with  soap 
and  A\  ater  an<l  a  brush. 

Silver  ca!i  be  priMMpitatcd  from  its  cya- 
nlJc.  a»'cta'c.  >nl]^haie,  sul|»hite.  or  liyp<v 
s.ilphi'i-  -oIuti'>n<.  A  solution  of  i»ne 
)i  -un'!  and  a  hall'of  eyanideof  )>ota>>ium  in 
one  L^illon  of  water,  to  which  two  ouncvs 
of  oxide  (»f  silver  are  a^^'ded,  answers  ad- 
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mirabl^'  for  all  pnrposeB  of  plating.    For 
some  time  after  the  introduction  of  cleo- 
tro-fi^ildiuff  and  plating,  complaints  were 
maoc  of  defective  adhesion  between  the 
original  and  the  deposited  metal,  and  it 
was  asserted  hj  the   manufacturers  of 
similar  articles  on  the  old  principle,  that 
such  plating  and  rUding   would    soon 
wear  away^  and  exhibit  the  baser  metal 
in  all  its  original  nakedness.    There  was, 
it  must  be  admitted,   some  justice  in 
this  remark,  though  articles  plated  three 
years  sigo  have  been  in  daily  use  without 
showing  any  traces  of  the  copper  beneath. ' 
This  defect  was  oocasioned  by  the  ab- 
sence of  an  alloy,  but  the  objection  has 
lately  been  altogether  removed  by  the 
nsc  of  mercury,  for  the  purpose  of  alloy- 
ing the  two  metallic  surfaces ;   for  this 
purpose,  nitrate  of  mercury  is  dissolved 
in  water,  and  the  copper  article  to  be  gilt 
or  plated  is  plumbed  in  the  solution,  and 
immediately  withdrawn,  then  washed  in 
water,  and  placed  in  the  gold  or  silver 
solution.    A  thin  film  of  niercury  is  by 
this  means  distributed  over  the  object, 
and    amalgamating   with    both    metnln, 
completely  alloys  them.      The    articles 
after  being  gilt  or  silvered  should  )xj 
heated  to  600°  Fahr.,  which  dissipntc-s 
the  mercury.   Another  complahit  against 
electro-plating  was,  that  the  articles  ra- 
pidly tarnished  on  accoimt  of  the  ]>urity 
of  the  metal  deposited.     This  may  be 
obviated  by  brusning  them  over  after  re- 
moval from  the  vat  with  a  saturated  so- 
hition  of  biborate  of  soda,  allowing  them 
to  dry  so  that  a  film  of  the  salt  may  re- 
main, repeating  the  process  a  second  or 
third  time,  till  a  slight  but  regular  coat- 
ing of  borax  cover**  every  part ;    they 
should  then  be  exposed  to  a  red  heat, 
and  after  being  allowed  to  cool,  immersed 
in   dilute  sulphuric  acid,   and  dried  in 
heated  saw-dust.    The  metals  to  whicli 
plating  are  most  applicable  are  copjjcr, 
trass,  pewter,  iron,  stt*el,  and  gold  •  tl)e 
prooi-ss  is  also  extensively  employed  for 
silvering  articles  formed  of  the  alloy  of 
nickel,  known  as  German  silver. 

Platinum  may  be  reduced  frf>m  solu- 
tions of  its  bromide,  iodide,  and  V)i-chlo- 
ride,  and  the  double  cliloridc  of  platinum 
and  so<lium.  The  chloride  is  the  salt, 
commonly  employed,  but  as  considerable 
ditficulty  exists  m  de|K>sitin<:  this  metal 
in  a  diictile  state,  a  very  f»'el>lo  ctirrent 
of  electricity  should  be  eni]>loyed,  and 
the  plate  of  metal  intro<luce«\  as  an  elec- 
trode should  bo  very  sinaJl ;  it  is  of  trrcat 
advantatrc  to  have  the  sohitiou  noutnil, 
and  some  therefore  recommend  soda  be- 


!  ing  added  to  it,  thus  forming  the  ohIo- 
I  ride  of  sodium  and  platinum. 

Zinc  may  be  deposited  from  its  iodide, 
I  acetate,  sulphate,  and  chloride ;  also  ft*om 
;  the  solution  of  oxide  of  zinc  in  potassa,  or 
muriate  of  ammonia. 

Copper  may  be  thrown  down  fVom  a 
considerable  range  of  its  salts;  those 
commonly  used  are  the  sulphate,  nitrate, 
and  cyanide. 

Probably  the  most  enormous  applicar 
tion  of  the  electrotype  art  is  made  in  the 
sculpture  of  the  C'atnedral  of  St,  Isaac  in 
Petersburgh.  Seven  doors  of  the  ca- 
thedral are  of  bronze  and  electrotype,  the 
framework  being  of  the  former  and  the 
scultured  posts  of  the  latter.  Three  of 
these  doors  are  80  fret  high  and  44  feet 
wide,  the  four  others  17  feet  8  inches 
wide.  They  contain  51  bas  reliefs,  68 
statuettes,  and  84  alto  relievo  b"sts  of 
religious  subjects.  The  gilding  of  thv.  ca- 
theiiral  was  also  done  by  this  prrx'ess. 
The  quantity  of  metal  employed  in  the 
dome  was  as  follows : — Ducat  gold,  247 
lbs. ;  coi»pcr,  52i  tons  ;  brass,  821J  tons  ; 
wrought  iron,  r>24i  tons;  cjist  iron,  lo68 
tons;  total,  l,l<«w;t  tons.  Casts  in  cop- 
per have  l)een  taken  from  the  daguerreo- 
type plate,  and  impressions  from  these 
casts  produced  by  electrotype  by  Dr. 
Paterson  of  Glasgow,  Scotland.  Smooth 
as  a  daguerncotype  appears,  the  east 
taken  serves  as  a  mould  from  w Inch  al- 
most any  number  of  impressions  may  be 
taken,  which  are  as  bolu  and  as  clear  as 
the  original  type. 

ELEMI  is  a  resin  which  exude*  from  in- 
cisions made  during  drv  weather  through 
the  Vmrk  of  the  arnyris  elir/iiffra,  a  tree 
which  grows  in  Soutli  America  and  Bra- 
zil. It  comes  to  us  in  yellow,  tender, 
transparent  lumps,  which  readily  sol\en 
bv  the  heat  of  the  hand.  Thev  have  a 
strong  aromatic  odor,  a  hot  spicy  taste, 
and  contain  124  \K'T  cent,  ot  ethereal 
oil.  The  crystMlIiiHi  resin  of  clemi  has 
hecn  called  KU-minf.  It  is  used  in  mak- 
ititr  lacker,  to  give  toughness  to  the  var- 
nish. 

ELEMENTS.  The  aiu-ieiits  coiisidi-r- 
ed  fire,  air,  water,  and  earth,  lu*  siiiiitle 
substances,  essential  to  tlic  constitution 
of  all  terrestrial  bcitigs.  Tills  livpothc- 
sis,  evidently  iiu^ompatihlc  with  iii«»«lin» 
chemical  discovery,  may  Ix'  sut»p<'simI  to 
corr(sj>o!id,  however,  to  tlic  l<Mir  states 
in  wliioh  matter  Ht-eins  to  rxist  ;  iiaiiu'ly, 
1st,  the  uui'ontiiiaMc  powc is  ot"  thuds — 
caloric,  litrht,  electricity  ;  2(1,  pondeiahlo 
jrases,  or  elastic  tiuids  ;  ^<\,  liquids;  4th, 
solids.      The  three  elementa  of  the  al- 


152 


CrCLOPKDIA  OF  TRB  USEFUL  ABTS, 


[XICB 


chemists,  salt,  earth,  mercnry.  were,  in 
their  sense  of  the  word,  mere  piuintasms. 

EMBALMING.  A  process  adopted 
by  the  ancient  Egyptians,  chiefly  for  the 
preservation  of  dead  bodies  from  putre- 
Siction.  Tiie  tenn  is  derived  iVom  the 
use  of  balsamic  substances  in  the  opera- 
tion ;  in  addition  to  these,  saline  sub- 
stances and  tanning  materials  seem  also 
to  have  been  used. 

EMBANKMENT.  In  territoriol  im- 
provement, an  embankment  is  a  mound 
of  earth  or  a  wall,  or  a  struct  are  com- 
posed partly  of  a  wall  or  partly  of  a  bank 
of  earth,  to  protect  lauds  from  being 
overflown  by  rivers  or  the  sea.  Em- 
bankments appear  to  have  been  coeval 
with  the  culture  of  com  crops  ;  because 
these,  it  appears,  were  first  grown  on  the 
alluvml  soils  whicli  border  large  rivers, 
and  to  protect  the  crops  ft-om  the  over- 
flowing of  these  rivers  after  heavy  or 
long-continued  rains,  the  cultivator  would 
naturally  throw  up  a  bank  of  earth.  Tiiis 
appears  to  have  been  done  in  Egypt  at 
the  most  remote  period  of  which  there  is 
any  record.  In  modern  times,  embank- 
ments are  employed,  not  mereJy  to  pro- 
tect land  under  cultivation,  but  to  en- 
close land  that  is  occasional! v  overflown 
by  rivers  or  the  sea,  and  render  it  fit  for 
the  purposes  of  husbandly.  Tliis  has 
been  done  to  a  greater  extent  in  Holland 
than  in  anv  other  countrv.  There  are 
also  immense  embankments  in  ItsUy,  pur- 
ticiilarly  in  Ijombardy.  In  Britain,  there 
are  the  einVxinkments  of  tlie  Tliaim»s 
near  London,  which  have  bc-en  in  exist- 
ence since  the  time  of  the  Koiniins  ; 
many  in  Tjinoolnshire,  formed  durin«r  tlie 
time  of  Cromwell,  and  some  of  them 
many  centuries  before  ;  and  one  of  the 
most  recent  is  that  at  Tre  Madoe  in  Caer- 
narvonshire, by  whieli  upwards  of  4(X>0 
acres  were  recovered  from  spring  tides, 
and  in  great  part  rendered  fit  for  the 
plough.  Emrwuikments  are  attended 
with  immense  expense ;  but  as  the  soil 
ffained  or  protected  is  g-eiifrally  of  the 
best  quality,  a  judicious  embankment  is 
commonly  eon'sidere<l  as  imyinir  al»out 
the  same  rate  of  interest  as  a  lainhd 
estate.  The  levees  of  the  Mississippi  are 
numerous  example*?, 

EMB()SSIX(;  WTK^D.  Raised  fiirures 
upon  wood,  such  as  are  emplove<l  in  pic- 
ture-tVames  and  other  articles  of  orna- 
mental cjibinet  work,  are  usually  ])r<)- 
diieed  by  means  of  carviuL',  •)r  !>>  castini: 
the  pattern  in  plaster  of  I*a?'is,  or  Mflu-r 
composition,  and  eementinir.  or  other- 
wise fixing  it  on  the  surface  of  the  wood. 


The  former  naode  is  expensive  ;  the  lat- 
ter is  inapplicable  on  manv  occasions. 
The  inveutiou  of  Mr.  Streaker  may  b« 
used  either  by  itself,  or  in  aid  of  carv- 
ing ,  and  depends  on  the  fact,  that  if  a 
depression  be  nuule  by  a  blunt  instru- 
ment on  the  sur&ce  of  the  wood,  such 
depressed  part  will  again  rise  to  its  ori- 
ginal level  oy  subsequent  immersion  in 
the  water. 

The  wood  to  be  ornamented  having 
been  first  worked  out  to  its  propos- 
ed shape,  is  in  a  state  to  receive  the 
•drawing  of  the  pattern ;  this  being  put 
on,  a  blunt  steel  tool,  or  bumie^er,  or 
die,  is  to  be  applied  successively  to  all 
those  parts  of  the  pattern  intendecl  to  be 
in  relief,  and,  at  the  same  time,  is  to  be 
driven  very  cautiously,  without  breaking 
the  grain  of  the  wooa,  till  the  depth  of 
the  depression  is  equal  to  the  intended 
prominence  of  the  ^ores.  The  ground 
IS  then  to  be  reduced  by  planing  or  filing 
to  the  level  of  the  depressed  part ;  after 
which,  the  piece  of  wood  being  placed  in 
water,  either  hot  or  cold,  the  part  pre- 
viously depressed  will  rise  to  its  former 
height,  ana  will  then  form  an  embossed 
pattern,  which  may  be  finished  by  the 
usual  operations  of  carving. 

EMBROIDERY.  The  name  given  to 
the  art  of  working  figures  on  stuffs  or 
muslins  with  a  needle  and  thread.  AU 
embroidery  may  be  divided  into  two 
sorts,  embVoiderv  on  gtufs  and  on  mus- 
lin: the  fonner  is  used  chiefly  in  church 
vestments,  housings,  standards,  articles 
of  furniture,  <fec.,  and  is  executed  with 
silk,  cotton,  wool,  gold  and  silver  threads, 
and  st:>metiines  ornamented  with  span- 
^rles,  real  or  mock  pearls,  precious  or 
imitation  stones,  &c. ;  the  latter  is  em- 
l>loyed  mostly  in  articles  of  female  appa- 
rel, as  ejijv*,  collars,  &c.,  and  is  perfonn- 
ed  only  with  cotton.  In  GeriiMmy  this 
division  is  indicated  by  the  expression 
fctijtfit  { ir/iifi-  or  mu"*lin),  and  hunU  .sY/rZv- 
rel  {rnhtnd  or  eloth)  einbroulfty.  The 
embroidery  of  idufs  is  j)erfoniied  on  a 
kind  of  loom  or  iViwne ;  that  of  muMin 
l»>  strctchinrj  it  on  a  pattern  already  de- 
signed. The  modes  of  embroiderinff 
stutts  or  muslin  with  the  common  needle 
are  extremely  various  ;  but  a  minute  de- 
scription of  these  processes  would  be  as 
(lilhcull  as  it  would  be  uninterestiiiir  to 
the  ct-ncral  reader.  They  consist  for  the 
mf>>t  ]>art  of  a  combination  of  ordinary- 
>•  itches  ;  but  no  limit  eun  be  assij^oed  to 
their  mimlKT  or  variety.  The  art  of  em- 
bioidery  wjls  well  known  to  the  ancients. 
As  carlv  as  the  time  of  Moses  w©  find  it 
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pnctised  sncoeseftilly  by  the  Hef>rev8 ; 
and  lociK  before  the  Trojan  war  the  wo- 
men of  Sidon  had  acqnired  celebrity  for 
their  skill  in  embroiderv.  At  a  later  pe- 
riod, this  art  was  introdaoed  into  Greece, 
probably  by  the  Phrygians  (by  some 
considered  tne  inventors) :  and  to  such  a 
degree  of  skill  did  the  Grecian  women 
attain  in  it,  that  their  performances  were 
aaid  to  rival  the  finest  paintings.  In  our 
own  times  the  art  of  embroidery  has 
been  cultivated  with  great  success,' more 
espedallv  in  Germany  and  France ;  and 
though  for  a  long  period  it  was  practised 
only  Dy  the  ladies  of  these  countries  as  an 
elegant  accomplishment,  it  is  now  regard- 
ed as  a  staple  of  traffic,  and  furnishes  em- 
Eloyment  for  a  large  portion  of  the  popu- 
ition. 

EMBROIDERING  MACHINE.  This 
art  has  been  till  of  late  merely  a  handi- 
craft employment,  cultivated  on  account 
of  its  elegance  by  ladies  of  rank.  But  a 
few  years  ago  M.  Heilmann  of  Mulhause 
invented  a  machine  of  a  most  ingenious 
kin<L  which  enables  a  female  to  em- 
broiaer  any  design  with  80  or  140  nee- 
dles as  accurately  and  expeditiously  as 
she  could  ibrmerfy  do  with  one.  A  brief 
aceonul  of  this  remarkable  invention  will 
therefore  be  acceptable  to  many  readers. 
It  was  displayed  at  the  national  expo- 
sition of  the  products  of  industry  in  Paris 
for  1894,  and  was  unquestionably  the 
object  which  stood  highest  in  public 
esteem ;  for  whether  at  rest  or  in  motion, 
it  was  always  surrounded  with  a  crowd 
of  curious  visitors,  admiring  the  figures 
which  it  had  fonnedj  or  inspecting  its 
movements  and  investigating  its  meehu- 
nism.  180  needles  were  occupied  in 
copying  the  same  pattern  with  perfect 
regularity,  all  set  in  motion  by  one  })er8on. 

Several  of  these  machines  arc  now 
mounted  in  France,  Germany,  and  Swit- 
zerland. There  exists  one  faetor>'  in  Mnn- 
chester,  where  a  great  many  of  them  are 
doing  beautiful  work. 

The  price  of  a  machine  having  180  nee- 
dles, and  of  consequence  260  pincers  or 
fingers  and  thumbs  to  lay  hold  of  tliom, 
is  .5(X>0  francs,  or  £200  'sterling ;  and  it 
is  estimated  to  do  daily  the  work  of  15 
expert  hand  embroiderers,  employed  iif>on 
the  ordinary  iVame.  It  requires  merely 
the  labor  of  one  flrrown-up  per!*on,  and 
two  assistant  children.  The  oj)cmtive 
must  be  well  taught  to  use  the  muoliine, 
for  he  has  many  things  to  attend  to ; 
with  the  one  hand  he  traces  out,  or  nither 
foilowit  tlie  design  with  the  point  of  the 
pentograph ;  with  the  other  he  turns  a 


handle  to  plant  and  pull  all  the  needles, 
which  are  seized  by  pincers  and  moved 
along  by  carriages,  approaching  to  and 
receding  from  the  web,  rolling  all  the 
time  along  an  iron  railway ;  lastly,  by 
means  of  two  pedals,  upon  which  he 
presses  alternately  with  one  foot  and  the 
other,  he  opens  the  180  pincers  of  the 
first  carriage,  which  ought  to  give  up  the 
needles  after  planting  them  in  the  stuff, 
and  he  shuts  with  the  same  pressure  the 
130  pincers  of  the  second  carriage,  which 
is  to  receive  the  needles,  to  draw  them 
from  the  other  side^  and  to  bring  them 
back  again.  The  children  have  nothing 
else  to  do  than  to  change  the  needles 
when  all  their  threads  are  used,  and  to 
see  that  no  needle  misses  its  pincers. 

EMERALD.  A  mineral  of  a  beautiful 
green  color,  which  occurs  in  prismatiA 
crystals,  and  is  much  valued  for  orna- 
mental jewelry.  The  finest  ore  obtain- 
ed from  Peru.  It  consists  of  65  silica, 
16  alumina,  18  glucina,  about  8  oxide  of 
chromium  (which  is  the  coloring  matter), 
and  a  trace  of  lime.  The  mines  from 
which  the  ancients  obtained  emeralds  are 
said  to  have  existed  in  Eg^^pt,  near  Mount 
Zabnrah. 

EMERY.  (From  Cape  ^meri.  in  the 
island  of  Naxos.)  A  voriety  of  corun- 
dum ;  amorphous,  compact,'  and  gene- 
rally opaque.  It  is  characterized  by  ex- 
cessive hardness  ;  and  its  powder  is  used 
for  cutting  and  polishing  glassi  gems,  and 
all  hard  substances:  it  scratches  and 
wears  down  nearly  all  minerals  except  the 
diamond. 

EMETIC  TARTAR.  A  triple  salt, 
composed  of  oxide  of  antimony,  potassa, 
and  tartaric  acid.  It  is  soluble  m  eigh- 
teen parts  of  cold  and  in  three  of  boiling 
water.  In  the  dose  of  from  half  a  grain 
to  two  grains  it  owcrates  as  a  powerful 
emetic  and  sudoriuc ;  in  smaller  doses, 
it  acts  upon  the  bowels,  and  is  diapho- 
retic. 

EMETINE.  A  substance  discovered 
in  1817  by  Pelletier  in  ipeeaeuauha.  It 
is  white,  pulverulent,  and  bitter ;  easily 
Holuble  in  hot  water  and  alcohol,  and  in- 
tensely emetic.  It  exists  in  ipccaeuanlm 
to  the* amount  of  about  IG  per  cent.,  and 
appears  to  bo  the  sole  cause  of  its  emetic 
proi>ertv. 

EMPVREUMA  means  the  offensive 
smell  produced  by  fire  applied  to  organic 
matters,  chielly  vegetable,  in  close  vis- 
sels.  Thus,  emmrcumatic  vine^rar  is 
obtained  by  (listilli'nir  wood  at  a  red  heat, 
and  enip\  reumatie  oil  from  niuny  animal 
substoiiecH  in  the  same  way. 
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£NAM£]jS  are  varieties  of  glass,  (^no-  Charles  Clarke,  of  England,  in  1839,  for 

rally  opaque  and  colorotl,  iihvaya  foniied  a  method  of  eoAinclling  or  coatiuffthc  in- 

by  the  combination  of  different  metallic  tenial  surfaces  of  iron  pots   and  sauce- 

oxidus,  to  which  certain  fixed  fustible  salts  pans,  in  such  a  way  as  shall  prevent  the 

are  added,  such  tu»  the  borates,  fluates,  enamel  from  cracking  or  splittmg  off  from 
and  phosphates.                                           i  the  effects    of  fire.      The    specification 

Tiie  simplest  enamel,  and  the  one  which  I  prescribes  the  vessel  to  be  first  cleansed 

8er\'es  as  a  bjisis  to  most  of  the  others,  is  dv  exposing  it  to  the  action  of  dilute  sul- 

obtuincd  bv  calcuiing  first  of  sUl  a  mix-  pliunc  acid  (sensibly  sour  to  the  taste) 

tnre  of  lead!  and  tin,  in  proportions  vary-  for  three  or  four  hours,  then  boiling  the 

iug  from  15  to  50  parts  of  tin  for  100  of  vessel  in  pure  water  for  a  short  time,  oiid 
lead.     The  middle  term  appears  to  be  i  next  applying   the   composition.      This 

tlio  most  suitable  for  the  grt-ater  number  consists  of  loO  lbs.  of  calcined  ground 

of  enamels  ;  and  this  alloy  has  sueh  an  fiints  ;    50   lbs.    of  borax  calcined,   and 

atfinity  for  oxygen,  that  it  may  be  cal-  finely  ground  with    the  above.      That 

eined  with  the  greatest  ease  in  a  fiat  east-  mixture  is  to  be   fused  and  gradually 

iron  pot,  and  at  a  temperature  not  above  cooled. 

a  OiU-rry  red,  provided  the  dose  of  tin  is  40  lbs.  weight  of  the  above  product  is 

not  too  great.     The  oxi<le  is  drawn  oil"  to  to  be  taken  with  5  lbs.  weight  of  potter's 

the  sides  of  the  melted  metal  acoordinu  ehiy  ;    to  be  ground   togellier  in   water 

as  it  is  generated,  new  pieces  of  tlie  alloy  until  the  mixture  forms  a  pasty-eonsis- 

beiuLf  tlirown  in  from  time  to  time  till  teneed  mass,  which  will  leave  or  form  a 

enouijh    of    the     powder    be    ohtniued.  coat  on  the  inner  surface  of  the  vessel 

Great  care  ought  to  be  taken  that  no  me-  about  one-sixtii  of  an  inch  thick.     When 

tallie  partioles  be  left  in  the  oxiile,  and  this  coat  is  set,  by  placing  the  vessel  in 
that  tlie  eali'ining  heat   he  as  low  uj*  is  I  u  warm  room,  the  second  composition  is 

barely  sutru-iiMit ;    for  a  stronir  tire  frits  to  be  a]>}»lied.     This  e<:)nsists  of  125  lbs. 

the  ])OW(U'r,  and  olistruets  its  snl)sc'(juent  of  white  glass  (witliout  lead),  25  lbs.  of 

comminutirin.     Tlie  jtowder  when  eold  is  bonix,  20  lbs.  of  soda  rer>-stals),  all  pul- 
ground   in  a  proper  mill,  levigated  with  ^  veri/i'd  together  and  vitrified  by  fusi<»n, 

water,  and  elutriated,  ns  will  be  described,  then  t^round,  cooled  in  water,  and  dried, 

under  Kal  hatl.     In  this  state  of  tiiu  ness  To  45  lbs.  of  that  mixture,  1  ib.  of  sotia 

anil   purity,   it  is   called  calcine,  or  tlux,  is  to  be  added,  the  whole  mixed  together 

and   it   is   niixetl  with  silicious  san<l  and  in  hot  water,   and  when  dry.  pounded; 

some  alkaline  matter  or  sea-salt.      The  tlicn   sitU-d   finely  and   evenly  over   tlie 

moMt  ordinary  proportions  arc,  4  of  sund,  internal  snrtace  of  the  vessel  previously 

1  of  sea-salt,  and  4  ol"  C'/A'/z/t-.     ('I.a)>rai  covered  with  the  first  coating  or  eoinpo- 

statcs    that    he    has  ol.taiiicd  a  verN    line  sition.  while  this  is  still  moist.     This  is 

iro'liu't  tVi>ni   loii  parts  of  (■  ilciiic.  made  the  irlazinL'.      The  vessel  thus  prepared 

)y  cal«'ininir  C'lual  p.irts  of  Ica-l  and  tin,  i>  to  he  put   into  a  stove,  and  dried  at 

loK  parts  of  iriM, 1,1(1  ilint,  and  'J'>o  parts  the  teni])erature  of  212-^  Fahr.     It  is  then 

of    pure    suhcarhonate    of    ]iota>h.       In  lieatccl  in  a  kiln  or  nuitfile,  like  that  u-^ed 

either  case,    the   mixture   is    put   into  a  )'»r::la/inir  china.    The  kiln  beiui:  briMiirht 

erurihlL",  or  laid  simply  on  a  stratum  of  to  iis  full  heat,  the  vessel  is  placed  first 

sand,    .|uickliine    spoutaiu-ou-^ly    >lake'l,  at    its    mouth    to  lieat  it   gradually,    and 

or  \\o<.fl-:isili,->,  placed  under  a  potUTv  or  then  put  into  thc>  interior  of  the  infusion 

porcelain    kiln.     This  nuis^  unileri:"e--  a  of  the    L'la/e.      In   praotice   it  has   Ihm'u 

seuii-vilrirication  ;     or    e\<n    a    eomplcte  l'«>uiid    ad\antaije<uis    also    to    dust    the 

fu>i"n  on  its  -^mfa''*-.      It  is  tl.i>  km  1  of  ss'.w/c  po\v<ler  over  tlie  fuscvl  glaze,  and 

tVit    which    servo   as  a  ra-lical  to  almost  ai'|>l>  aseeoiid   tluxiuLT  heat  in  the  oven, 

every   en.inicl ;    and   l)\   varvin'_'the  j>ro-  Tlie  enamel,   by  thi>  double  application, 

portions  of  the  inLficilirnt.  more  I'u-iMc,  hecomi'.-  much  >m("»other  and  souiuler. 

ni'irc  opa.iue,  or  whiter  enamcN  arc  "1,-  KN.VMKl..  KokPins,  Hooks  am»  Kvi>», 

taincd.     'liu'   Hi-^t    -it"  tlic-e  (pi  <litu'-i  .l.'-  t^-c.     The  articK->  to  be  enamelled,  at^i-r 

])"nd>   on    tln'   .[uaiit;'\  oi'-»iii,l  or  llux.  In  inj"  th.orouv'hly  cleaned  and  freed  tVoin 

and  the  otliei-  tw.>  c)n  t'lat  ot'  tlu'  fm.  ,|u^t  an<l  <lirt  are  spread  or  placed  in  n 

The  sc:i-silt   ciii].lMyr(l    ns   a   tlii\  mav  l.a-in,  disli,  or  other  fit  n-ceptacle.  wh'-re 

be    replacid   either    l.\    --a't   ot"  ta'tar.  hv  t:ie\   are  wctte.l   with  the  >«j'irit  or  oil  of 

pure    pof;i>|i,    or   hy   ><.,l;i  ;     i,;it     ■.■i,-li   ot*  turpentine;    tlie\    are   then  dried,  if  re- 

the-<e   lliives   :.'i\i-s   peeiihar  <pi.ilir i«  ■>    to  (lulred,    by   a"titieial  means:    when  dry, 

tlie  i-namcl.  the  eiianul  or  japan  is  applied,    it    tak- 

A  patent  wa**  L"'anted  to  TIi"m:>  aii'l  inj  eil'i-ct  and  ^^prcadini:  i:  coat  upon  the 
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whole  of  those  parts  of  the  nrtides  pre- 
vioasly  covered  by  the  turpentine ;  should 
at  be  required  to"  give  the  articles  more 
ooats  than  one,  the  same  process  of  iip- 
plyiii^  tlie  enamel  is  to  be  repeated,  but 
oinittinff  to  apply  the  spirit  of  turpen- 
tine. The  compositions  are  as  follows: 
for  blue,  the  best  varnish  or  gums,  three 
<^uarter»  of  a  pint:  of  spirits  of  turpen- 
tine, half  a  pint ;  nake  white,  1  IK,  and 
prussiate  of  iron-  1  oz.  For  red,  Per- 
sian Vandyke,  1  lb. ;  varnish  or  gums, 
half  a  pint ;  spirits  of  turpentine,  quar- 
ter of  a  pint.  For  green,  pale  chrome, 
^  lb. ;  varnish  or  gums,  half  a  pint ;  spi- 
rits of  turpentine,  quarter  of  a  pint. 
Other  colors  or  tinta  may  be  composed 
and  applied  in  like  manner  by  varying 
or  altering  the  proportions  of  the  mate- 
rials. 

ENCAUSTIC  PAINTING.  Inpaintr 
ing,  a  method  of  painting  used  by  the 
ancients,  the  precise  mode  of  executing 
which  ia  by  no  means  sufficiently  ex- 
plained. From  Pliny^s  account,  it  seems 
that  the  oolors  were  made  up  into  crav- 
ens through  a  medium  of  wax,  and,  the 
subject  being  previously  traced  with  a 
metal  point,  were  melted  on  the  picture 
as  they  were  used.  The  picture  being 
finb«hed,  a  varnish  of  melted  wax  was 
spread  over  all.  The  colors  thus  not 
only  obtained  considerable  brilliancy,  but 
tbe  work  was  also  protected  from  the 
weather.  It  was  lastly  Tn-ell  polinhed. 
The  attempts  to  revive  this  art,  which, 
after  allj  ir  we  may  draw  our  conclusion 
from  Plmy's  account,  seems  to  have  been 
but  a  clumsy  process,  have  not  been  at- 
tended witirsuccess, 

EQUATORIAL.  An  astronomical  in- 
atniment,  contrived  for  the  purixmc  of 
direi'tuig  a  telescope  U[>on  any  celestial 
o})jt'ct  of  which  the  right  ascenHion  and 
declination  are  known,  and  of  keeping 
ItHs  object  in  view  for  any  length  of  time, 
notwitlistanding  the  diurnal  motion.  For 
these  purposes,  a  principal 
axis  C  I),  resting  on  firm 
supptjrts,  is  placed  panillel 
to  tne  axis  of  the  earth's 
rotation,  and  consequently 
pf>intinjr  to  the  p<»les  of  the 
neavens.  On  this  polar 
axis  there  is  fixed,  near 
^  ^^^^  one  of  its  extremities,  a 
^^j^r  ^^^  graduated  circle  A  B,  the 
^^^'Tr  plane  of  which  is  perpen- 

dicular to  the  polar  axis, 
and  therefore  parullel  to  the  earth's  cqnn- 
tor.  This  circle  is  called  the  t'^jt/ntcriffl 
HreJe,  and  mcHsures  hy  its  aics  the  houi 


angles,  or  diflferoncee  of  right  ascension. 
The  polar  axis  is  pierced  at  K  F,  and 
penetrated  by  the  axis  of  a  second  circle 
G  H,  at  right  angles  to  it.  The  axis  of 
the  second  circle  has  conaeouently  no 
connection  with  any  external  support, 
but  is  sustained  entirely  by  the  polar 
axis.  The  plane  of  tbe  second  circle 
G  H,  which  is  called  the  deeUnaiion  cir- 
cle, and  carries  the  telescope  K,  is  thus 
in  all  positions  at  right  an&rles  to  the 
nlane  of  the  first  or  equatorial  circle  A  B. 
Now  it  is  easy  to  conceive,  from  this 
genend  description,  that  when  the  tele- 
scope is  pointed  to  a  star,  the  angle  be- 
tween the  direction  of  the  telescope  and 
the  polar  axis  is  equal  fb  the  polar  dis- 
tance of  the  star;  consequently,  when  a 
motion  is  given  to  the  polw  axis  without 
altering  the  position  of  the  telescope  on 
the  declination  circle,  the  point  to  which 
the  telescorc  is  directed  will  always  lie 
in  the  small  circle  of  the  heavens  coinci- 
dent with  the  star's  diurnal  path;  and 
hence,  if  the  motion  communicated  to 
the  polar  axis  be  just  equal  to  the  earth's 
diurnal  rotation,  the  star  will  remain 
constantly,  and  ns  long  as  we  please,  in 
the  field  of  the  telescope,  at  least  while 
above  the  horizon.  In  many  observa- 
tions this  is  indispensable,  and  it  is  an 
mlvantajje  which  attaches  to  no  other  in- 
strument. The  polar  axis  may  be  moved 
by  a  peculiar  kind  of  clock  machinery, 
acljusted  to  sidereal  tiirie ;  and  the  V»est 
and  largest  equatorkils  are  now  furnished 
with  such  an  apparatus.  Besides  reliev- 
ing the  observer  from  the  fatigue  of 
turning  the  instrument,  the  motion  thus 
^iveii  is  pertcctlv  equable,  and  all  those 
jerks  avoided  wfiich,  when  the  instru- 
ment is  turned  by  the  hand,  often  prove 
fatjil  to  an  observation. 

EQUIVALENTS,  (TIEMICAL.  A 
tenn  introduced  into  chemistry  by  Dr. 
Wollaston  to  express  the  system  of  defi- 
nite ratios  in  which  substances  recipro- 
cally combine,  referred  to  a  coniinon 
standard  of  unity.  If  wc  asstinie  hydro- 
gen as  unity,  it  bcinir  the  svihstnnec 
which  conjV»ineH  with  others  in  tlie  snial- 
lest  relative  wcifrht  or  j)rop!)rti(>ns,  th«'n 
all  other  substances  may  be  represented 
by  certain  niultij»les  of  that  iniit,  ex- 
pressed with  siilricient  i)rceision  for  all 
ordinary  purposes  by  wlmle  numbers. 
Thus,  upon  this  system,  the  ecjuivnUMit 
number  of  oxytrcn  will  be  S,  and  that  of 
water  will  be  l'»,  tor  S  oxyj^en  -f- 1  hydrc)- 
gen  =  y  water;  and  the  e(|uivalent  of 
potassium  will  N*  4o,  jmd  (»f  pot:iS!*a  or 
oxide   of  potnshiuui  4s,  f<.r  40  potassium 
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+ S  oxyfi^  s48  potMSA.  Upon  the  same 
principle  the  equivalent  of  nydrochlorio 
acid,  which  is  a  compoand  of  ohloriDo 
and  hydrogen^  is  37.  for  it  consists  of  1 
part  iy  weight  of  hydrogen  and  86  of 
chlorine ;  or,  in  other  words,  of  an  atom 
of  hydrogen  =  1  +  an  atom  of  chlorine 
=  86.  The  eqaivalent  of  sulphnr  is  16 : 
to  form  sulphuric  acid  one  atom  of  sul- 
phur =  16  combines  with  8  atoms  of  oxy- 
gen (8X8)  =  24;  hence  the  equivalent 
of  an  atom  of  sulphuric  acid  is  16  +  24 
=  40.  Tliese  equivalents  are  often  ex- 
pre^t^ed  by  certain  abbreviations,  termed 
ehemioal  symttcls  ;  which,  as  fur  as  single 
equivalents  of  the  simple  substimces  are 
concerned,  are  represented,  together  with 
their  equivalent  numbers,  in  a  table  in 
the  article  Atom. 

ENGRAVING  ON  WOOD,  or  Xy- 
lography. In  this  branch  of  art  the  ma- 
terial used  is  a  block  of  box  or  pear-tree 
wood,  cut  at  right  angles  to  the  direction 
of  the  fibres,  the  thickness  being  regu- 
lated hy  the  height  of  the  ty|>e  in  the 
fonn.  The  subject  is  either  transferred 
from  a  previous  print,  or  else  drawn  on 
the  blocK  with  a  black  lead  pencil,  or 
with  Indian  ink.  The  whole  of  the  wood 
is  then  cut  away  except  where  the  lines 
are  drawn,  which  are  left;  as  raised  ports. 
In  this  it  differs  fVom  copper-plate  en- 
graviniy^,  where  the  lines  are  cut  out,  or 
sunk  in  the  metal.  The  impressions 
from  wood  blocks  are  taken  in  the  same 
manner  as  from  printing  types. 

Ci)pper  En^racbuj  is  performed  by 
cutting  line*^  repre?<enting  the  suliject  on 
a  copper  plate  with  a  steel  instriiinent. 
ending  in  un  unequal  sided  pyrainidal 
point,  such  instrument  Ixjinjr  called  a 
graver,  or  burin,  without  the  use  of 
aquafortis :  wliieh  mode  is  described 
further  on.  Besides  the  ijraver  there 
are  otlier  instruments  used  in  the  pro- 
cess, viz.,  a  scraper,  a  burnislier,  an  oil 
stone,  ond  a  cushion  for  supportinnr  the 
plate.  In  cuttinif  the  lines  on  the  copper 
the  trraver  is  pushed  forward  in  the  «li- 
rcction  rcijuirod,  beiin;  held  in  the  hand 
at  a  sinull  nicli nation  to  the  phine  of  tlie 
c<^pper.  Tl»e  use  of  the  burnisher  is  to 
8ot\en  down  Tuies  that  are  cut  too  deep, 
and  for  buriiishintr  out  scratclics  in  tlie 
copper:  it  is  about  three  inches  loiij^. 
The  scrjtper,  like  the  hi^t,  is  (»f  steel, 
with  three  sharp  etlL'cs  to  it,  and  a])out 
six  inches  loii'/,  tapi-riiiir  towards  the 
end.  Its  use  is  to  scrape  olf  the  burr, 
raised  by  the  action  of  the  irravi-r.  To 
sh(»\v  tlie  appearance  of  tlic  work  <bir- 
ing  its  progress,  and  to  poiisli    otf  tlie 


burr,  engravers  use  a  roll  of  woollen  oi 

felt  call^  a  rubber,  which  is  put  in  ac- 
tion with  a  little  olive  oil.  The  cushion, 
which  is  a  leather  bog  about  nine  inches 
diameter  filled  with  sand  for  laying  the 
plate  on,  is  now  nirely  used  except  \jy 
writing  engravers,  for  architectnru 
subjects,  or  in  skies,  where  a  series  of 
parallel  lines  are  wanted,  an  ingenious 
machine  was  invented  by  |be  wte  Mr. 
Wilson  Lowry,  called  a  ruling  machine, 
the  accuracy  of  whose  operation  is  ex- 
ceedingly perfect.  This  is  made  to  act 
on  an  etchinjj^  ground  by  a  point  or  knife 
connected  with  the  appaiatua,  and  bit  in 
with  aquafortis  in  the  ordinaiy  way. 

Etching  is  a  species  of  engraving  on 
copper  or  other  metals  with  a  sharp  point- 
ed instrument  called  an  etching  needle. 
The  plate  is  covered  with  a  ground  or 
varnish  capable  of  resisting  the  action  of 
aquafortis.  The  usual  method  is  to  draw 
the  design  on  paper  with  a  black-lead 
pencil ;  the  paper  being  damped  and  laid 
upon  the  plate,  {M'cpared  as  above,  with 
the  drawing  next  the  etching  ground,  ia 
passed  through  the  rolling  press,  and 
thus  tlie  design  is  transferred  from  the 
paper  to  the  ground.  The  needle  then 
scratches  out  tlie  lines  of  the  design ;  and 
aquafortis  being  poured  over  the  plate, 
which  is  bordered  round  with  wax,  it 
is  allowed  to  remain  on  it  long  enough 
to  corrode  or  bite  in  the  lines  which  the 
etching  needle  has  made.  Etching  with 
a  dry  point,  as  it  is  called,  i«  performed 
entirelv  with  the  point  witliout  any 
ground,  the  burr  raised  being  taken  on 
by  the  scraper.  Etching  with  a  soft 
trround  is  used  to  imitate  chalk  or  black- 
lead  drawinjrs.  For  this  purpose  the 
•rround  is  niixeti  with  a  portion  of  tallow 
or  lard,  according  to  the  temi>erature  of 
the  air.  A  piece  of  thin  paper  being  at- 
tached to  the  plutc  at  the  tour  comers  by 
sonic  turner's  pitch  and  lyinsr  over  the 
jrroutid,  the  drawing  is  made  on  the  pa- 
]>cr  and  sluidowed  with  the  bla<'k-lcad 
fH'Ucil.  The  action  of  the  pencil  thus  de- 
taches the  erround  which  adheres  to  the 
]>a])t'r,  aivordinsr  to  the  degree  to  which 
tlic  tinishintr  is  carried;  the  paper  lx.Mn<r 
tlicn  removed,  the  work  is  bit  in  the 
ordinary  way.  SUpplityj  is  also  executed 
•  •n  the  ctchiiitr  groinid  by  dots  instead  of 
lini'S  made  with  the  etching  needle,  which 
aocordin'jT  to  the  intensity  of  the  sluid- 
ow  t(»  be  represented,  are  made  thicker 
and  t'loxT.  The  work  is  then  bit  in. 
K'lhutij  nn  St4t(  is  executed  much  in  the 
same  way  a.-^  in  the  process  on  e<»ppc'r. 
The  plate  is  bedded  on  common  ghi/jcr's 
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|rat^.  and  a  ground  of  Branawiek  black 
w  laid  in  the  usual  way,  through  which 
the  needle  acratohes.  It  is  then  bit  in, 
in  the  way  above  described. 

Mezsotinto  Enffraeing.  In  this  species 
of  engraving  the  artii«t,  witli  a  knife  or 
instrument  made  for  the  purpose,  roughs 
over  the  whole  surface  of  the  copper  in 
every  direction,  so  as  to  make  it  suscep- 
tible of  delivering  a  uniform  btacK, 
amooth,  or  flat  tint.  After  this  process 
the  outline  is  traced  with  an  etching  nee- 
dle, and  the  lightest  parts  are  scraped 
oat,  then  the  middle  tints  so  as  to  leave 
a  greater  portion  of  the  ground,  and  so 
on  according  to  the  depth  required  in  the 
•eveml  ftarta  of  the  work. 

AqwUirUa  Engraving^  whose  effect 
somewhat  resembles  that  of  an  Indian- 
ink  drawing.  The  mode  of  effecting  this 
is,  (the  design  being  already  etched)  to 
cover  the  plate  with  a  fi^onnd  made  of 
resin  and  Bui^ndy  pitcn  or  mastic  dis- 
solved in  rectified  spirit  of  wine,  which 
is  poured  over  the  plate  lyinji^  in  an  in- 
dined  position.  The  spirit  ot  wine,  from 
its  rapid  evaporation,  leaves  the  rest  of 
the  composition  with  a  granulated  text- 
ure over  the  whole  of  the  plate,  by  which 
means  a  gnun  is  produced  by  the  aqua- 
fortis on  the  parts  left  open  by  the  evapo- 
ration of  the  spirit  of  wine.  The  margin 
of  the  pintd  is  of  course  protected  in  the 
usual  way.  After  the  aquafortis  has  bitten 
the  lighter  ports  they  are  Btoot  ovt^  and 
the  aquafortis  is  again  appliea,  and  so  on 
as  often  as  any  ports  continue  to  require 
more  depth.  Formerly  the  grain  used  to 
be  produced  by  covering  the  copper  with 
a  powder  or  some  substance  which  took 
a  granulated  form,  insteud  of  using  tlie 
ooinponnd  above  mentioned;  but  this 
process  wuA  found  to  be  both  uncertain 
and  imperfect.  In  the  compound  the 
gnun  is  rendered  finer  or  courser,  in  pro- 
portion to  the  quantity  of  resin  iutro- 
dnced.  This  mode  ot  en^rraving  was 
invented  bv  a  Frenchman  of  the  name  of 
Bt.  Non,  about  1662.  lie  communicated 
it  to  Jean  Baptiste  le  Prince,  who  died  in 
17«1,  ft-om  whom  it  wus  ocr^uired  bv 
Paul  Sand  by,  who  introduced  it  through 
the  medium  of  Mr.  Jukes  into  Eng- 
land. 

Etching  on  Olass.  The  ^Iiuts  is  covered 
with  a  thin  ground  of  beeswax  :  and  the 
desi|^  beiuff  dniwn  with  the  etching  nee- 
dle, it  is  subjected  to  the  action  of  sul- 
phuric acid  sprinkled  over  with  powder- 
ed flour  of  Derbvshire  spar.  Afrer  four 
or  five  hours  tliis  is  removed,  and  the 
gian  deaned  off  with  oil  of  turpentine, 


leaving  the  parts  covered  with  the  bees- 
wax untouched.  This  operation  may  be 
inverted  by  drawing  the  design  on  tho 
glass  with  a  solution  of  beeswax  and  tur* 
pentine,  and  subiecting  the  ground  to  the 
action  of  tho  acid. 

Engraoina  on  Stone  or  Lithography. — 
A  modern  invention,  by  means  whereof 
impressions  may  be  taken  from  drawings 
mode  on  stone.    The  merit  of  this  dis- 
covery belongs  to  Aloys  Senefelder,  a 
musiod  perfonner  of  the  theatre  at  Mu- 
nich about  the  year  1800.    The  following 
are  the  principles  on  which  the  art  of 
lithc^^phy  depends  :     First,  the  facility 
with  wnich    calcareous    stones    imbibe 
water ;  second,  the  great  disposition  they 
have  to  adhere  to  resinous  and  oily  sub- 
stances ;  third,  tho  atflnity  between  each 
other  of  oily  and  resinous  substances,  and 
the  power  they  possess  of  repelling  water 
or  a  Dody  moistened  with  water,    llcnco. 
when  drawings  are  made  on  a  polished 
surface  of  calcareous  stone  with  a  resinous 
or  oily  medium,  they  hre  so  adhesive  that 
nothinff  short  of  mechanical  means  can 
effect  tneir  separation  f^oin  it,  and  whilst 
the  other  parts  of  the  stone  take  up  the 
water  poured  upon  them,  the  resinous  or 
oily  parts  repel  it.    Lastly,  when  over  a 
stone  prepared  in  this  manner  a  colored 
oilv  or  resinous  substance  is  passed,  it 
will    adhere  to  the  drawings  mode  as 
above,  and  not  to  the  watery  parts  of  the 
stone.      It  was  formerly  thought    that 
Enirland    did    not    possess    a    sort    of 
stone  like  that  of  Germany,  suitable  to 
the  purposes  of  lithography ;  this,  how- 
ever, is  now  known  to  oe  erroneous,  as 
the  neighborhood  of  Bath  abounds  with 
itj  being  the  white  li<is^  which  lies  imme- 
diately under  the  blue.     It  is  also  found 
in  Scotland.    The  ink  and  chalk  used  in 
lithography  are  of  a  sa]X)naceou8  quality  : 
the  tornier  is  prepared  in  Genuany  from 
a  compound  of  tallow  sonp,  pure  wliife 
wax,   a  small   quantity  of  tullow,  and  a 
j)ortion  of  lomp-Dlack,  all  boiled  to^etiicr, 
and  when  cool  dissolved  in  distilled  wa- 
ter.   The  chalk  lor  the  crayons  used  in 
drawing  on  tho  stone,  is  a  composition 
consisting  of  the  ingredients  above  men- 
tioned, but  to  it  is  added  when  boiling,  a 
struill    quantity   of    potash.      Alter    the 
drawing  on  the  stone  has  been  ext'cutcd 
and  is  perfectly  dry,  a  very  weak  solution 
of  vitriolic  acici  is  T)oured  upon  the  stone, 
which  not  only  taKcs  up  the  alkali  fr«»m 
the   chalk  or  ink,    ns   the  case  may  be, 
leavinE"  an  insoluble  substance  behind  it, 
but  it  lowers  in  a  very  small  detrree  that 
part  of  the  surface  of  the  stone  not  drawn 
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upon,  and  prepares  it  for  absorbing  wa- 
ter with  prcator  freedom.  Weak  gum 
water  is  then  applied  to  the  stone,  to 
close  its  pores  and  keep  it  moist.  The 
stone  is  now  washed  witli  water,  and  the 
daubing  ink  applied  with  balls  as  in 
printing  ;  after  wliieh  it  is  passed  in  the 
usual  way  through  the  press,  the  process 
of  wateri'iig  and  daubing  being  appUed 
for  every  impression. 

There*  is  a  mode  of  transferring  draw- 
ings made  with  the  clieinicid  ink  on  pa- 
per prepared  with  a  solution  of  size  or 
gum  tra^acanth,  which  being  luid  on  the 
ffonc  and  pimmd  ihrtnujh  th»:  prisn  leaves 
the  drawing  on  the  stone,  and  the  pro- 
cess above  described  for  preparing  the 
stone  and  taking  the  impression  is  carried 
into  effect. 

In  Germany  many  cngravines  are  made 
on  stone  with  the  burin,  in  the  same  way 
as  on  copper ;  but  the  very  ffroat  interi- 
ority  of  these  to  copper  enirravinirs  makes 
it  improbale  that  this  method  will  ever 
come  into  general  use. 

Perhaps  one  of  the  jrroatest  advant;i2*cs 
of  the  art  of  lithoirraphy  is  the  extraor^li- 
nary  number  of  copies  that  may  he  taken 
from  a  block.  As  many  as  7<>,itOO  c<>j)ies 
or  prints  have  been  taken  from  one  block, 
and  the  last  of  them  nearly  as  gt)od  as  the 
first.  Expedition  is  also  gained,  inas- 
much as  a  fifth  more  copies  can  be  taki'U 
in  the  same  time  tlian  from  a  copper- 
plate :  and  as  rcLrtirds  economy  tlu-  a'l- 
vantajres  over  evi-ry  other  species  of  en- 
graviiiif  is  very  i:rc:it. 

Zin^nqr'ijihif.    Tiiis  art,  w]ii<'h  is  of  very 
recent  mtroilni'tion    in  tliis    country  i  so 
mnoh  so,  in<liMMl,  that  hut  t'fw  siM-cimms 
are  a**  yet  to  be  seen  ),  is  >iinilar  ui  princi- 
ple   to*  lithoirraphy,    tlie    ^nrt■a^■e  ot"  tiic 
)lates   of  zinc    «>n  which   it   is  executed 
^cinLT  i>it  away,  h-avinu'the  de-^iirn  jirnmi- 
nent  <tr   in    ri'lict".     Wi'    have  seen  simuc 
beautiful  exanijilc*  of  tlii<  art,  but  vary- 
inir  little  in  their  a[»pearance  fioju  those 
of  stone  en'jravinir. 

Mr.  .1.  II.  I'riny,  of  Kntrlau'l,  \\•^<  pro- 
po'it'.l  a  nioiU'  of  en'jravin-^''  on  steel  an<l 
other  nu'tals  l>y  mtiin-^ot"  i  icctricity.  lie 
eTn|»loys  six  ot"  Smec's  l>att(ric>;,  in  eacli 
the  si/e  of  the  }>hilini/c.l  >-ilver  ]»!att'  ua>* 
about  three  square  ini-lu--^.  Thi'  steel 
plate  to  be  onirrave'l  was  coniiecte-l  toihe 
/.ine  on<l  f»f  tlu- hatteric-*  ;  a  loii_f  e. iv«M"eil 
wire  is  placed  between  the  ■'tecl  ji!;ite  a'nl 
the  /inc.  The  wire  in  onnnunicaiiou  with 
tile  }>Iatinize!l  <ii\iT,  wa>  u•^c^l  a- an  etc-h- 
\x\'l  ]>oint  on  tin*  steel  pl.itc.  The  wire, 
which  serve-1  a^  a  L'ra\er.  wa-*  ma-le  of 
platjna:   \v  hen  hcM  a  u'hi-- t ul"  ptor.-rti-.l 


it  fi-om  the  hand.  In  proportion  to  the 
intensity  of  tiic  current  is  the  depth  of 
tiie  engraving. 

KKIUMKTEB.  An  optical  instrument 
proposed  bv  the  late  Dr.  Young  for 
measuring  the  diameters  of  minute  par- 
ticles ana  fibres,  by  ascertaining  the  di- 
ameter of  any  one  of  the  series  of  colored 
rings  thcv  produce.  '*  The  eriomctcr  is 
formed  of  a  piece  of  card  or  a  plate  of 
brass,  Imving  an  a^)ertur«  of  about  a 
fiftieth  of  an  inch  m  diameter  in  tho 
centre  of  a  circle  about  half  an  inch  in 
diameter,  and  perforated  with  about  eight 
small  holes.  Tiie  fibres  or  particles  to  lie 
measured  are  fixed  in  a  slider ;  and  the 
eriometer  being  placed  before  a  strong 
light,  and  the  eye  assisted  by  a  lens  ap- 
plied behind  the  small  hole,  the  rinijs 
of  colors  will  be  seen.  The  slider  must 
then  be  drawn  out  or  pushed  t  11  the 
limit  of  the  first  red  and  green  t\  xs  ithe 
one  selected  by  Dr.  Young)  eoineidea 
with  the  circle  of  perforations,  and  the 
index  will  then  show  on  the  scale  the 
size  of  the  particles  or  fibres. 

EKV'A  LENTA.  The  farina  or  meal  of 
the  c(unmon  lentil,  the  Enum  Iahs. 

ERMINE.  The  winter  hair  of  the  com- 
mon weasel  an  animal  indigenous  through 
the  whole  states.  Tlie  fur  is  white,  long, 
thin,  and  silky.  The  aninuils  are  very 
abumlant  about  ITudson's  Biiy.  The  fur 
is  in  trreat  request,  and  wa.s  formerlv  one 
of  the  insiirnia  of  magistrates.  \Vlieii 
u>e<l  to  line  cloaks,  the  black  tuft  of  the 
tail  is  sewed  to  the  skin  at  irregular  intcr- 

'K.^SENTrAL  OILS  or  VOLATILE 
OILS.  Under  this  term  are  inchuled  jdl 
those  peeuliur  eonipounds  obLsiined  by 
'listilhni^  vciretable  substances  with  wa- 
ter, aiirl  whicli  pass  over  along  \vilh  the 
steam,  and  are  afterwards  condensed  in 
the  li(jui"l  or  solid  form.  They  appear 
to  coii>titute  the  (xlot'inm  principles  of 
vcL'-etahles.  Their  sj>ecific  ifravity  tiuetu- 
ate^  on  either  side  that  «»f  water;  they 
are  very  s|nirinLrIy  soluble  in  water,  and 
the<e  Solutions  eonstitiUe  the  )n*,liiuif^.l 
iritt,  rs  ;  rosi',  pcppirmint,  \\\\<\  other  wa- 
ter-^ hcin'j"  ^ucn  solutions  of  the  re-^pcct 
tivi-  es-^entia!  oils.  They  di"*solve  in 
alcoliol  un'd  t'orm  »a'x,  ;;<v.y,  many  of  whieli 
are  used  ;i>  jn-rt'umes.  AVhen  tlie»e  oils 
arc  pun*,  thc\  e\aj'orate  t'ri>m  paper  when 
hehl  het'orc  the  tire;  but  if  adulterated 
with  ti\e  1  oiU,  ihev  leave  a  L'rea^v 
>tiin,  .and  »ehlom  dissolve  pert'eeth  in 
a'co'iol.  The  more  e\"j>en>ive  of  these 
oiK  are  fn  (|Ucntlv  aduheratcil  with  the 
•  •heMj..-r  "lie-,  and  thi-.  ti.aud  can  ori!\   bo 
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detected  by  ad  experienced  nose.  Their 
chief  use  is  in  pcrfuiuerv,  on  account 
of  their  odour,  and  in  medfcinethey  form 
valuable  Btimulauts.  Thcv  are  inflam- 
mable, and  arc,  with  a  few  exceptions, 
compounds  of  hydrogen,  oxygen,  ana 
carbon.  The  esi^ence  of  turpentine,  of 
lemons,  and  a  few  others,  are  hydro- 
cariftytiM. 

ETUER.  In  Chemistrv,  this  term  is 
applied  to  a  highly  volatile,  fhigrnnt,  in- 
flammable, and  intoxicating  liquid,  pro- 
duced by  dii^iilling  a  mixture  of  equal 
weights  of  sulphuric  acid  and  alcoiiol. 
When  these  liquids  mutually  act  on  each 
other,  a  »erie«  of  complicated  changes 
ensue,  which  terminate  in  the  conversion 
of  alcohol  into  ether.  Ether,  like  alco- 
hol, may  be  regarded  as  a  compound  of 
hyarocarbon  and  water;  and  if  alcohol 
be  considered  as  consisting  of  on^?  equiva- 
lent of  oleftant  hydrocarb<-)n=14,  and 
on£  of  water=9,  eitlier  may  be  regarded 
as  constituted  of  ^a?ooleflant  liyllroc:irbon 
(14X*^>=*^>'»  and  one  of  watcr=9  :  hence, 
the  equivalent  of  alcohol  being  14H-9=23, 
that  of  ether  will  bo  14X^=28-1-9=37  ; 
and  the  process  of  etheritication  muv  bo 
stated  to  consist  in  the  abstraction  trom 
alcohol  of  one  half  of  its  elemental  water. 
By  some,  ether  is  regarded  as  the  oxide 
of  a  peculiar  hydrocarbon,  which  thoy 
term  ethule^  composed  of  4  equivalents  of 
carbon  ana  6  equivalents  of  hydroircn ; 
and  alcohol  must  in  that  case  be  consid- 
ered as  hydrate  of  etlicr. 

Ether,  or,  as  it  is  often  called,  to  dis- 
tinguish it  from  analogous  products  ol>- 
tained  by  the  intervention  ofotlicr  aci«ls, 
tvlphurii'  ftJuTj  is  a  limpi<l  colorless  fluid. 
of  an  agreeable  odour,  and  a  hot  pnn<icnt 
taste,  its  specific  gravity  is  about  0-713, 
though  that  of  the  shops  is  usually 
heavier ;  it  boils  at  abtnit  '.♦>i  \  and  freezes 
at  the  low  temperature  of  46*^  below  u-*. 
The  specific  gravity  of  ethereal  vapor 
compared  with  atmosplieric  air  is  as  'jr)S 
to  1«N).  Ether  is  sjmrinuly  soluble  in  wa- 
ter, which  takes  up  about  a  tenth  of  its 
bulk;  it  di>solves  m  all  proportions  in 
al<**>lioI.  The  principal  use  ot  ether  is  in 
nje<rH'ine.  When  taken  iiiternnlly,  it  is 
Btiiiiulant;  and  it  is  sometimes  applied 
externally,  by  reason  of  the  cold  produee*! 
during  its  evaponition,  as  an  ingredient 
in  H'trigeratinir  lotions. 

The  most  profitable  way  of  manufac- 
turing ether  has  been  nointetl  out  by 
B«»nllay.  It  con.-^lHts  in  lettintf  the  abo- 
hol  drop  in  a  slender  stream  into  the  aoi<l, 
previously  heated  to  the  etberifying  tem- 
perature.    If  the  aeid    in  this  ease  were 


I  concentrated  to  1'846,  the  reaction  would 
!  be  too  violent,  and  the  ether  would  be 
transformed  into  bicarbureted  hydrogen 
(dihydrate  of  carbon).  It  is  tlierefore 
necessary  to  dilute  the  acid  down  to  the 
density  of  1*780 ;  but  this  dilntion  may 
be  preferably  effected  with  alcohol,  in- 
stead of  water,  by  mixing  three  parts  of 
the  strongest  acid  with  two  of  alcohol, 
specific  gravity  0*880,  and  distilling  oft'  a 
portion  of  the  ether  thereby  generated ; 
after  which  the  stream  of  alcohol  is  to  be 
introduced  into  the  tubulure  of  the  re- 
tort through  a  small  ^lass  tube  plunged 
into  the  mixture ;  this  tube  being  the 
prolongation  of  a  metallic  syphon,  whoso 
shorter  log  dips  into  a  bottle  filled  with 
alcohol.  The  longer  leg  is  furnished 
with  a  stop-cock,  for  regulating  at  pleftp 
sure  the  alcoholic  streamlet.  The  dis- 
tilled vapors  shoidd  >>e  transmitted 
through  a  worm  of  pure  tin,  surrounded 
by  cold  water,  and  the  condensed  fluid 
received  in  a  glass  bottle.  The  quantity 
of  alcohol  which  can  be  thus  converted 
into  ether  by  a  given  wei^riit  of  sulphuric 
acid,  has  not  hitherto  Ix'cn  accurately  de- 
termined ;  but  it  is  at  least  double.  In 
operating  in  this  way,  neither  sulphurous 
acid  nor  sweet  oil  of  wine  is  generated, 
while  the  residmiry  liquid  in  tlie  retort 
continues  limpid  and  of  a  merely  brown- 
ish yellow  color.  No  sulphovinie  acid  is 
Ibrmed,  and  acconling  to  the  experiments 
of  Geij^er,  the  proportion  of  ether  ap- 
proaches to  wliat  theory  shows  to  be  the 
maxinnnn  amount.  In  fact,  57  parts  of 
alcoliol  of  0-^3  sp.  grav.  being  equivalent 
to  40-s  ])arts  of  anliydrons  alcohol,  yield, 
aceordintr  to  (ieii:»'r,  o3i  parts  of  ether; 
and  by  calculation  they  shoubl  yield  37^. 
Tlu"  ether  of  the  first  distillation  is  ne- 
ver pure,  but  always  eontain;  a  certain 
quantity  of  alcohol.  The  density  of  that 
proiluet  is  usually  0-78,  and  if  ]>repared 
t»y  the  first  of  the  above  methods,  eon- 
tains,  besiiles  alcohol,  pretty  tVequently 
sulphurous  aeid,  and  sweet  oil  of  wine; 
impuriti«s  from  which  it  mtist  be  I'roetl. 
Ii<MnL'  aL'itate<l  with  its  bulk  ot"  milk  of 
imr,  V)oth  the  aeid  an<l  the  alcohol  are 
reinoved  at  the  s:ime  time  ;  an<l  if  it  bo 
thi-n  decanted  and  agitati-d,  fir-»t  wilii  its 
bulk  of  water,  next  decanted  into  a  re- 
tort containing  ehl'»ri<lc  of  calciim  in 
coarx;  ])o\vder,  and  di>lillcd,  one  third 
of  pertectly  pure  ether  may  be  drawn 
over. 

ETIIKR,  ACKTIC,  is  u-cd  to  flavor  si- 
lent corn  spirits  in  makimr  ii:  itation 
brandy.  It  may  b»«  pn-parcd  by  mixing 
'JO  parts  «»f  a«ttatc  of  irad,   l<»  pii(-<  «'f  mI- 
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ooholf  and  114  of  oonoentrated  sulphuric 
acid;  or  16  of  the  an  hydrous  acetate,  5 
of  the  aoid,  and  4k  of  ab!K>Iute  alcohol ; 
distilliniB:  the  mixture  in  a  gla«s  retort 
into  a  very  cold  receiver,  agitating  alonis^ 
with  weak  potash  ley  the  liquor  which 
comes  over,  decanting  the  supernatant 
ether,  and  rectifying  it  by  re-distillation 
over  magnesia  and  ground  charcoal. 

Acetic  ether  is  a  colourless  liquid  of  a 
fhu^rant  smell  and  pnn(?ent  taste,  of  spec, 
urrav.  0-86«  at  4o°  F.,  boiling  nt  166^  F., 
burninor  with  ayellowish  flame,  and  disen- 
^^inflr  fumes  of  acetic  acid.  It  is  soluble 
m  8  parts  of  water. 

ETCHING  VARNISHES.  The  var- 
nishes of  Mr.  Lawrence,  an  Enjjlish  art- 
ist resident  in  Paris,  is  made  as  follows : 
Take  of  virgin  wax  and  asphaltum,  each 
two  ounces,  of  black  pitch  and  burgundy 
pitch  each  half  an  ounce.  Melt  the  wox 
and  pitch  in  a  new  earthenware  glazed 
pot,  and  add  to  them,  by  deffree>»,  the  ns- 
phaltum,  finely  powdered.  Let  the  whole 
Doil  till  such  time  as  that,  taking  a  drop 
upon  a  plote,  it  will  break  when  it  is 
cold,  on  Dcnding  it  double  two  or  tliree 
times  betwixt  the  flnsrers.  The  varnish, 
being  then  enoueh  boiled,  must  be  taken 
off  the  Are,  and  after  it  cools  a  little,  must 
be  poured  into  warm  water  that  it  may 
work  the  more  easily  with  the  hands,  so 
as  to  be  formed  into  bulls,  which  must 
be  kneaded,  and  put  into  a  piece  of  tat- 
fety  for  use. 

("nre  must  be  taken,  first,  tluit  the  fire 
be  not  too  violent,  for  tear  of  hnrniii!;  tho 
ini^rcdients,  aslitrlit  simincrinsr  lu'ln-r suf- 
ficient ;  secondly,  that  whilst  tlio  asphal- 
tn?n  is  puttin'JT  in,  and  oven  after  it  is 
mixed  with  the  iiiL'redients,  they  should 
be  stirred  continually  with  the  spatula; 
and  thirdly,  that  the  water  into  wliioli 
this  composition  is  tlirown  should  be 
nearly  ot  the  same  de-jree  of  warmth 
with  it,  in  order  to  prevent  a  kitul  of 
crackinff  that  happens  when  the  water  is 
too  cold. 

The  varni-^h  ouLfht  always  to  bo  niiide 
hanler  in  siuntner  than  in*  winter,  and  it 
will  become  so  if  it  be  sutfi-red  to  hoi] 
lon.'cr,  or  if  a  LTeater  proportioii  of  tlie 
asphaltUTn  or  browii  resin  be  u-ed.  The 
eviverinient  ah«»ve  incnticttied,  of  the  drop 
Huft'ered  to  eonl,  will  .leti-nuine  tlie  de- 
trree  of  hardness  or  softness  that  ni;iv  he 
puitahle  to  the  ^e:lson  when  it  is  u-^ed. 

l'rei»nration  (if  the  hard  varni-«h  us»'d 
bv  Ctllot.  c'>rnMionlv  t-iilled  the  Florence 
V:irni^h  : — Tiike  four  ouiu-cs  of  fit  oil 
vrrv  <''erir.  an  1  nii.le  ot'  L'odd  liiist'i-d  oil, 
like  that  used  by  painters ;  heat  it  in  a 


dean  pot  of  glazed  earthenware,  and  af- 
terwards put  to  it  four  ounces  of  mastick 
well  powdered,  and  stir  the  mixture 
briskly  till  the  whole  be  well  melted, 
then  pass  the  mass  through  a  piece  of 
fine  linen  into  a  glass  bottle  witn  a  long 
neck,  that  can  bo  stopped  very  securely ; 
and  keep  it  for  the  use  that  will  be  ex- 
plained Dclow. 

Method  of  applying  the  soft  varnish  to 
the  plate,  ana  of  blackening  it: — ^The 
plate  being  well  polished  and  burnished, 
as  also  cleansed  from  all  greasiness  hj 
chalk  or  Spanish  white,  fix  a  hand-vice 
on  the  edge  of  the  plate  where  no  work 
is  intended  to  be,  to  serve  as  a  handle 
for  managing  it  when  wann ;  then  put  it 
upon  a  chafing-dish,  in  which  there  is  a 
moderate  fire,  and  cover  the  whole  plate 
eciually  with  a  thin  coat  of  varnish;  and 
whilst  the  plate  is  warm,  and  the  varnish 
upon  it  in  a  fluid  state,  beat  every  part  of 
the  varnish  gently  with  a  small  Dull  or 
dauber  muele  of  cotton  tied  up  in  tailety, 
which  operation  smooths  ana  di^*ribute8 
the  varnish  equally  over  tiie  plate. 

EUDIOMETER.  This  tenn  is  jrene- 
rnlly  applied  to  instruments  for  fiicilitat- 
ing  the  analysis  of  atmospheric  air,  or  ra- 
ther for  determining  the  quantity  of  ox- 
Vifcn  contained  in  u  given  volume  of  air ; 
under  the  idea  that  the  salubrity  of  the 
air  depended  upon  its  relative  quantity 
of  oxyiren.  We  now  know,  however, 
that  tliis  is  not  the  case,  and  that  the  re- 
lation of  the  oxvijen  to  the  nitrogen  in 
tlie  atmosphere  is  not  subject  to  any  dis- 
cernible fluctuation. 

EVAPORATION.    The  conversion  of 
substances  into  vapour  is  one  of  the  most 
important   and   general   ctfects   of  heat. 
Durimrthis  process,  a  considerable  quan- 
tity of  sensible  hexit  passes  into  the  hitfut 
or   insensible   state.     When  a  vessel  of 
water  is  phuH'tl  nj>on  the  fire,  its  temper- 
ature irraduallv  rises  till  it  attains  212^: 
then,  althoiiifh  it  remains  upon  the  fire, 
and  of e»urse  receives  heat  as  before,  it 
does  not  bceome  hotter,  but  is  gradually 
eonvi-rteil  into  steam  or  vapor;  so  that 
the  etl'ert   of  heat  is  not  to  elevate  tem- 
])erature,   ))ut  to  chanire  state  or  form: 
that  is,  in  tlu-  case  <U'  water,  to  convert  it 
into    sleiuu.       Hence    we    assume    that 
steam,    tlioULrh    not    hotter   than    water, 
contains  a  niu''h  lar^'cr  (piantity  (tf  heat, 
and  tlii-i  heat  ajain  makes  its  appeanum* 
when  the  steam  is  condensed  or  re-con- 
verted into  water.     At  whatever  tt'nipt'r- 
atiire  Viiji.iur  i.^  pr-><lue»'d,  it  is  sitnilirly 
e  ui->timrcd  :  and  tliat  wlTu-h  e-*<'ape««  from 
water  at  ordinary  temperatures,  by  the 
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process  usQallv  called  $porUaneau8  etapo- 
ralion,  resembles  the  fonner  in  all  re- 
spectA :  hence  it  is  that  evaporation  is  to 
sarroanding  bodies  a  cootinf^  process; 
and  that  in  the  converse  change,  or  the 
return  of  the  vapor  to  the  lioaid  state, 
heat  is  evolved  and  rendered  sensible. 
Tlie  same  general  phenomena  are  ob- 
ser\-ed  with  all  other  liquids,  and  those 
which  evaporate  rapidlj  at  common  tem- 
peratures often  ffive  nse  to  the  produo- 
tion  of  a  great  aegree  of  cold ;  such  as 
spirit  of  wine,  or  ether.  If  t)ie  latter  flu- 
id be  suffered  to  dribble  over  the  bulb  of 
a  thennometer,  it  will  cause  it  to  sink 
below  the  fVcezing  point  of  water ;  and 
by  accelerating  smiilar  coses  of  evapora- 
tion, we  obtain  most  intense  degrees  of 
artificial  cold. 

The  circumstances  that  principally  in- 
fluence the  process  of  evaporation  are, 
extent  of  surface,  and  the  state  of  the  air 
as  to  temperature,  dryness,  stillness,  and 
density. 

In  evaporating  by  surfaces  heated  with 
ordinary  steam,  it  must  be  borne  in  mind 
that  a  surface  of  10  square  feet  will  eva- 
porate fully  one  pound  of  water  per  min- 
nte,  or  725X10=7250  gr.,  the  same  as 
over  a  naked  fire ;  consequently  the  con- 
densing surface  must  be  equally  exten- 
■ive.  Suppowj  that  the  vessel  is  to  re- 
ceive of  water  2500  lbs.,  which  corres- 
ponds to  a  boiler  5  feet  long,  4  broad, 
and  2  deep,  being  4<)  cubic  feet  by  mea- 
sure, and  let  there  be  laid  over  the  bot- 
tom of  this  vessels  connected  tube»  each 
5  inches  in  diameter  and  5  feet  long,  pos- 
sessing therefore  asurfaoe  of  5  feet  square. 
If  charsred  with  steam,  they  will  cause 
the  evaporation  of  half  a  pound  of  wa- 
ter per  minute.  The  boiler  to  supply  the 
steam  for  this  purpose  must  ex|X)rte  a  sur- 
face of  5  square  feet  to  the  fire.  It  has 
been  proved  experimentally  that  10  snnare 
feet  aurface  of  thin  copper  can  condense 
8  lbs.  of  steam  per  minute,  with  a  ditfer- 
ence  of  temperature  of  90  detrrees  Fahr. 
In  the  above  example,  10  square  fi'et  eva- 
porate 1  lb.  of  water  per  minute ;  the 
temperature  of  the  evaporating  fluid  be- 
ing 212^  F.,  consequently  8:1::  IK) :  y . 

During  this  evaporation  the  differonoe 
of  the  temperature  is  therefore  =3n°. 
Consequently  the  heat  of  the  Rtetun 
placed  in  connection  with  the  inte- 
rior of  the  boiler,  to  prwlnoc  tlie  oiiK'U- 
liited  ev!iy>onition,  should  be,  •212-H'i'>= 
242^,  corresjMmdim:  to  an  elastic  force  of 
M-Ci  inches  of  mercury.  Were  the  tem- 
perature of  the  steam  only  224.  the  same 
DoUer  in  the  same  time  would  produce  a 


diminished  quantity  of  steam,  in  the  pro- 
portion of  12  to  80 ;  or  to  produce  the 
same  quantity  the  boiler  or  tubular  snr^ 
face  should  l>e  enlarged  in  the  proportion 
of  80  to  12.  In  ^eneralj  however,  steam 
boilers  employea  for  this  mode  of  evapo- 
ration are  of  such  capacity  as  to  give  an 
unfailing  supply  of  steam. 

EXPANSION.  One  of  the  most  com- 
mon and  obvious  effects  of  heat,  which 
expands  or  enlarges  the  bulk  or  all  the 
forms  of  matter.  The  expansion  of  sol- 
ids bv  increase  of  temperature  is  compar- 
atively small ;  but  it  may  be  rendered 
sensible  by  carefUIly  measuring  the  di- 
mensions of  any  substance  when  cold, 
and  again  when  heated  :  an  iron  bar,  for 
example,  fitted  to  a  gauge,  which  shows 
its  length  and  breadth,  will  no  longer 
pass  through  the  apertures  when  heated. 
Among  solids  the  metals  are  most  expans- 
ible and  contractile  hy  heat  and  cold; 
but  they  vary  much  in  this  respect,  as 
shown  in  the  following  table,  which  ex- 
hibits the  change  of  dimensions  which 
several  of  them  undergo  when  heated, 
from  the  freezing  to  the  boiling  point  of 
water : — 

Temperature. 


823 

212<3 

Platinum     . 

120000 

120104 

Steel     .... 

— 

120147 

Iron     .... 

— 

120151 

Cupper 

— 

1202IV4 

Brass   .... 

— 

120280 

Tin       ...        . 

— 

120290 

Lead    . 

— 

12(»»45 

Zinc     .... 

— 

120860 

The  average  expansion  of  glass  is  very 
nearly  the  same  as  that  of  platinum.  The 
expansibility  of  difTerent  llqui<l«  is  also 
verj'  variable:  ether,  for  instance,  and 
alcohol,  are  more  expansible  than  wa- 
ter, and  water  more  than  mercury. 
The  expansibility  of  mercurv  is  applied 
to  a  very  useful  purpose  in  tlie  construc- 
tion of  the  common  thermometer.  In 
general  all  liquids  expand  and  contriiot  in 

Eroportion  as  they  are  heated  nn<l  cooled  : 
ut  to  tiiis  law  there  is  n  remarkable  and 
anomaloim  exception  with  recrard  to  tta- 
Ur,  When  a  large  thernionieter  tube  is 
filled  with  water  of  the  temperature  of 
60°,  and  placed  in  a  cold  situati«)n,  or  in 
a  freezing  mixture  of  iee  mid  salt,  the 
water  poes  on  shrinkiiijr  in  the  tube,  till 
it  has  attained  the  tenipenitiire  of  about 
4o°  ;  and  then,  inttcMd  of  mntinuiiij^  to 
contract  till  it  freezes  (as  is  the  ease  with 
equal  liquids),  it  slowly  e.rfuiiiilM^  and  ac- 
tually rises  in  the  tube  until  it  conceals. 
In  this  case  the  expansion  above  4<J°  and 
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below  40°  floenriR  to  be  equal ;  bo  that  the 
water  will  be  the  same  bulk  at  48°  and 
82°.  This  anoirift]f>U8  expansion  of  water 
by  cold  is  productive  of  sonic  important 
consenuenecs,  considered  as  a  natural 
operation  ;  for  if  waiter,  like  other  fluids, 
went  on  incrcasin<j  in  density  till  it 
froze,  the  consequence  would  be  that 
large  bodies  of  water,  instead  of  beinff 
only  superficially  frozen  in  winter,  would 
be  converted  throuirhoutinto  solid  mass- 
es of  ice.  Let  us  take  a  fresh  water  lake 
as  an  cxam]>lc.  The  earth  bcinir  in  win- 
ter warmer  than  the  air,  the  heat  is  with- 
drawn from  the  surface  of  the  water  by 
the  cold  breezes  that  blow  over  it ;  and 
the  whole  body  of  water  has  its  tempera- 
ture lowered  to  40°,  which  is  th-  j>^>int  of 
Us  qr<nU»t  d*'n.ntif,  and  a  temperature 
perfectly  concfeuial  to  fish  and  most  other 
aquatic  animals.  The  cold  now  eontinucs 
to  operate  upon  the  surface  of  the  water  • 
but,  instead  of  diminisliin?  its  bulk,  and 
therefore  rcnderinu'  it  hoiritr  than  the 
warmer  water  beneath,  it  ex|inii<ls  it,  and 
renders  it  Unht^r;  so  that  under  these 
circumstanees  a  stratum  of  iee-coKi  wa- 
ter (at  '?>'P)  will  be  found  lyiuir  upon  the 
mass  of  warmer  water  beneath  it  cit  4o°), 
The  influence  of  the  cold  coiitiiiuiinr,  the 
Rurfa*.e  of  the  lake  will  soon  fri'eze,  hut 
the  water  immediately  below  the  super- 
ficial coverinif  of  iee  will  he  tbund  eom- 
paratively  warm;  and  as  watiT  is  almost 
a  non-coixluctor  ot' lu>at,  it  \NiIl  !><•  a  \i^\vi 
time  bi't'ore  the  ice  attains  anv  thickiu-ss  ; 
and  the  whole  body  (if  wattT,  if  of  nnv 
depth,  can  n<vt'r  t'rocze  throiiM-lif»nt.  lii- 
dred,  it  will  be  ol)vious  that  the  retarda- 
tion of  frccziiii;  will  Ite  propnrtiotial  to  the 
depth  of  water  whieh  lias  to  he  eooK-d, 
and  henee  Home  very  dee]>  ha>^ills  or 
lakes  are  searei'ly  ever  even  I'ovi-rt  d  liy  iee. 

As  ru|uids  are  '//A'/v/"/aiid  eoii-^e.juiMit- 
ly  rendered  .■>]>eeitirally  liuditiT  h\  heat, 
very  tlitre.reut  effects  are  prodnecd  by  ap- 
plvlnir  heat  to  ditf»Teut  part-^  of'  tlu'  ve>- 
sels  eoiitainini.''  them.  It' the  lu-at  l)e  ap- 
plied t<'>  the  bottom  of  the  ve^xel,  it  is 
soon  heated  e>|ually  throiiLfhout.  and 
made  to  Ih)!!;  but  it"  the  <nrlaee  only  be 
heated,  it  m;iv  then  he  boiled  and  i'\a|>o- 
rated,  while  the  lower  part**  remain  (piitc 
cold, 

Ai'iitbrm  bodies  and  va]>ors  are  the 
nio>t  exjiansibh-  forin-^  ot'  ni:itttT,  and 
they  ]>re-«ent  an  important  ]ie«'iili;irity ; 
for  iti  otlu'r  sub-^taii'-es  cju-h  individual 
ha?*  it>^  «»wn  tleLfree  «'t' evpaiwion  and  eon- 
traetion,  wherea-^  all  ]itire  aei  lto'"iii  bodies 
exj»and  and  eontraet  alil^e;  •>o  ihat  it' we 
aeenrately  delennim;  the  expansion  and 
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contraction  of  any  one  of  them,  that 
knowledge  applies  to  nil  the  rest.  100 
measures  of  oir,  when  heated  from  the 
freezing:  to  the  boilincr  point  of  water, 
sutfer  an  increase  of  bulk  equal  to  87 '5 
parts  ;  so  that  100  cubic  feet  of  air  at  82° 
become  dilated  to  187i  cubic  feet  at  212°. 

EXPLOSION.  In  natural  pliilosonhy, 
a  sudden  and  violent  expansion  or  the 
parts  of  any  object.  Explosion  diflfera 
from  expansion  in  this,  tliat  whereas  the 
former  is  always  sudden,  and  only  of  mo- 
mentary duration,  the  latter  is  tlie  effect 
of  some  firradual  and  continued  power, 
acting  unitbrmly  for  some  considerable 
time. 

EXTRACTS.  The  older  apothecariea 
used  this  tenn  to  deaignatc  tne  product 
of  the  evaporation  of  any  veeet^ibfe  iuiee, 
infusion,  or  decoction  ;  whether  the  latter 
two  were  made  with  water,  alcohol,  or 
ether;  whence  arose  the  distinction  of 
acpicous.  alcoholic,  and  cthereous  extracts. 

Foureroy  made  many  researches  upon 
these  preparations,  and  sui)|)oscd  that 
they  had  all  a  conunon  Imsis,  which  he 
called  the  cxtradirt  principle.  But  Chcv- 
reul  and  other  chemists  have  since 
-troved  that  this  pretended  principle  is  a 
»etero<reiicous  and  very  variable  com- 
pound.  By  the  tenn  txtract^  therefore, 
IS  now  meant  merely  the  whole  of  the 
solnble  matters  obtained  from  veiretables, 
redu«*e.l  by  caretul  evn]»oration  to  either 
a  ])asty  or  solid  consistence.  The  wa- 
tery extracts,  whieh  are  those  most  com- 
monly made,  are  a.s  various  as  the  ve>re- 
tabl(!s  whieh  yield  them;  some  contain- 
ing' chiefly  su-jar  or  eum  in  t?reat  abund- 
aii'-e,  and  are  therefore  iTmoeent  (»r  inert; 
wliih*  others  contain  very  enertretic  im- 
preLTiiation^i.  The  conduct  of  the  evajvo- 
ratinirheat  is  the  capital  point  in  the  pre- 
jiaration  of  i-\traet»i.  They  should  Ik-  al- 
way-*  piTj^ared,  if  possibh',  from  the  juice 
ol  the  t'n  sh  plant,  by  subjecting' its  Icavea 
or  otluT  succulent  J'art,  to  the  action  of 
a  ])owerful  screw  or  hydraulic  pros; 
and  tlic  eva]u>ration  shouhl  be  etTet-ted 
l)y  the  warmth  of  a  water-bath,  heated 
not  beyond  loo^  or  l*Jo-^  F.  Steam  heat 
may  ]H'iha]»s  be  applied  advantaL'Cously 
in  MMue  (•a.-'C^,  where  it  is  not  likely  to 
dteomj'o-^i'  any  of  the  ])rinciples  of  the 
l>l:int.  r>ut  by  far  the  hot  proL'es>  for 
making  extract.-  i>  in  vaeuo.  It  is  mueh 
ea•^'l•^  to  tit  lip  a  jiroper  aji]>aratus  of  this 
kiiKJ,  thMii  nio>t  practical  nn-n  iniairine. 
'Phi'  va<nnm  ma}  eitherbe  made  thro-iLrh 
the  a,'enrv  <it'  steam,  as  there  pointed 
out,  or  by  means  of  an  air-pump.  ( Mio 
oowertiil  air-pump  may  form  and  main 
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tain  a  good  vacanm  under  several  re- 
ceivers, placed  upon  tbe  ilat-iurround 
flanged  of  j*o  many  oaAina,  each  provided 
wjtfi  a  stop-cock  at  itft  side  for  exhaus- 
tion. The  airless  bai»in  containing  the 
mice  being  set  on  the  ehelf  of  a  water- 
hath,  and  exposed  to  a  proper  tempera- 
ture, will  fumishf  in  a  short  time,  a  large 
Quantity  of  medicinal  extract,  poB8c»8ing 
ttie  properties  of  the  plant  unimpaired. 

For  exceedingly  delicate  purj>oso8,  the 
concentration  may  be  performed  in  the 
cold,  by  placing  saucers  filled  with  the 
expressed  juice  over  a  basin  containing 
suii)hnric  acid,  putting  a  je^lass  receiver 
over  them,  ana  exhausting  Us  air. 

FAINTS.  An  impure  spirit,  which 
comes  over  at  the  commencement  and 
termination  of  distillation.  The  first  is 
called  strong,  and  the  last  weak  faints. 
Faints  are  impregnated  with  fetid  vola- 
tile oils,  which  are  unwholesome,  and  re- 
quire to  bo  separated  bv  rectification. 

FALLING,  or  weight  of  bodies;  an 
important  phenomenon,  which  used  to  be 
ascribed  to  (gravitation,  a  translation  of 
the  word  wci^rhts ;  so  that,  according  to 
tliis  wordy  philosophy,  weight  was  ow- 
injT  to  weight.  liut  it  is  now  con- 
sidered as  well  proved,  that  all  central 
force  in  planets  is  a  necessary  rcnult  of 
the  MimuUanHjns  orbit,  or  progre!»sions, 
and  the  rot^iry  motions,  and  that  the  di- 
rection to  the  centre  is  the  constant  dia- 
fi^onal  of  those  motions,  and  the  inerciise 
m  the  diagonal  the  exact  quantity  fallen 
in  a  given  time.  The  rotation  is  a  de- 
flection from  the  line  of  the  orbit  motion, 
and  this  being  much  jfreater,  the  body 
deflected  by  the  rotation  is  carried  by 
the  greater  motion  obliquely  to  the  com- 
mon centre  of  both  motions.  This  is  ob- 
vious in  the  equatorial  plane,  but,  in  lat- 
itudes, the  diagonal  is  compounded  of 
the  orbit  motions  as  one  force,  nnd  of  the 
sine  and  co-sine  as  to  the  rotatory  or  do- 
fleitive  force;  and  the  s<|uare  of  the  sine 
and  co-sine  being  equal  to  the  square  of 
the  radius,  every  where  alike,  the  fall  in 
direction  and  ciuantity  ngrecs  with  tiiat  at 
the  ecjuator.  Tl»e  orhit  velocity  in  a  se- 
cond is  {♦8,182  feet,  the  cqiuitorial  cirt'lo 
is  l"»ii5  feet  ncarlv,  or  in  the  perpendicu- 
lar i»7«>'H.'>  feet,  that  lOM  to  1,  and  this 
inversely,  as  6.2^318  the  circle  to  the  ra- 
dius 1,  the  resulting  force  in  the  radius 
is  l»5-os72'>  feet  as  the  mean  hill,  (fr^ 
tukiiiLT  the  two  motionH  as  Itsin-J  to  I'-i'.'., 
and  invcrncly  as  4.  the  S(|iiarc  oi'  tlic  di- 
ttincti-r  to  1.  we  alsr»  \n{  l«i-ov7j;,.  'l'|n. 
squarinif  the  forces,  and  extractintr  tiie 
root  of  their  sum,  gives  an  aualagous  re- 


sult, but,  for  popular  explanation,  tbe 
preceding  may  sutfice. 

FALLOW.  In  agriculture,  londs  are 
said  to  be  under  fallow  when  they  are 
without  a  regular  crop  of  corn  or  pulse. 
A  naked  fallow  is  one  in  which  the  soil 
remains  a  whole  year  without  any  crop 
whatever ;  and  a  turnip  or  green  crop 
fallow  is  one  in  which  the  lands  after  bo< 
ing  without  a  crop  fVom  harvest  till  the 
becfinning  of  summer,  and  being  proper- 
ly labored  during  that  period,  are  sown 
with  turnips  or  other  similar  crops  in 
rows,  and  the  grounds  cultivated  in  the 
intervals.  Fallowing  was  practised  by 
the  Romans  on  all  soils  whatever,  and 
has  been  continued  through  the  dark 
ages,  in  all  the  cultivated  parts  of  Eu- 
rope, so  as  to  have  become,  till  lately,  a 
general  habit  in  the  treatment  of  arable 
fands.  The  practice  of  taking  two  corn 
crops,  and  then  allowing  the  land  to  rest 
or  lie  fallow,  was,  till  the  commencement 
of  the  present  century,  prevalent  llirough- 
out  Eurojx;,  and  it  is  still  a  very  common 

f»nK*tice  m  most  parts  of  that  Continent, 
t  appears  to  have  l)een  first  broken 
throuirh  by  the  Flemings  about  the  eud 
of  the  IHth  century;  and  subsequently 
in  Britain,  with  the  culture  of  turnips, 
above  a  century  and  a  hidf  later.  !•  al- 
lows, under  the  most  improved  svsteins 
of  aK'icnlture,  are  no  lon^rerhad  rcourso 
to  in  the  case  of  Uk^i;  and  easily  worked 
soils,  where  turnip  fallows  are  made,  or 
drill  crops  of  lei^umcs  are  substituted: 
but  in  very  strong  clavs  they  are  still 
found  neccf*sary,  and  this  will  prol)ably 
continue  to  be  the  case  till  by  the  "  fre- 
quent drain  system,"'  and  long-continued 
culture,  the  strontr  clays  become  friable 
and  fit  for  the  drill  husbandry-,  like  the 
sandy  loams  and  other  free  soils.  A 
perfect  system  of  agriculture  will  com- 
pletely dispense  with  fallow ;  under  clover 
and  green  crops  the  ground  recovers  its 
mineral  int^'rcaionts,  and  acquires  an  ad- 
dition of  vetrctuhle  matter;  it  is  thus 
richer  after  clover  or  green  crojiping  lluin 

before,  or  than  it  would  be  bv  naked  fal- 
j     ,      ' 

FAN,  FANNERS,  or  FANNING  M.\- 
ClllNE.  A  machine  for  ncparuting  the 
chart',  husks,  dust,  or  <>ther  liirht  mutters 
from  see<ls  which  arc  to  be  |irc~^cr\e»l  lor 
sowing,  or  for  ^oinc  othi-r  ]turi«<>sr  in  ge- 
neral or  donu'stie  eecimniy.  I'lie  air  is 
put  in  motion  bv  a  wind,  ooninioiil\  driv- 
en by  hand  with  Iciiv*"*  or  fans  in-tead  of 
sixikc-*.  directed  in  a  htrcimi  ULMin-t  the 
^o^•d.s  to  be  tsiiiiu-d ;  whieh  m«'.Is  are 
placed  in  a  hoi»pcr,   so  regulated    its   to 
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proportion  their  descent  throujorh  the 
stream  of  air  to  the  force  of  the  current 
created  by  the  fan  wheel.  Before  fan- 
ners were  invented  the  process  was  per- 
formed by  hand  in  a  manner  the  reverse 
of  what  it  is  now  by  machinery ;  that  is, 
the  seeds  and  refuse  to  be  separated  fVom 
them  were  taken  np  in  shovclfnlls,  and 
thrown  to  as  j^reat  a  dii^tance  as  possible, 
through  the  calm  air ;  when  the  full-bo- 
died seeds,  being  the  heaviest,  were 
found  at  the  greatest  distance,  and  the 
chatf  and  other  matters  nearer,  according 
to  their  degree  of  lightness.  With  the 
progress  of  the  arts,  a  syatcm  of  screens 
and  sieves  was  added  to  the  funning  ma- 
chine, in  consequence  of  which,  as  it  se- 
parated the  seed  from  every  kind  of  re- 
fuse, it  is  called  a  winnowing  mjichine ; 
and  in  that  case,  it  not  only  separates  the 
chaff  and  other  light  matters  geuerallv 
firom  the  heavy  matters,  but  it  parts  both 
according  to  their  bulk  and  weight ;  so 
that  the  seed  comes  from  the  winnowin? 
hiachine  lit  for  being  measured  up  for 
the  market  or  store-room,  and  the  vari- 
ous kinds  of  inferior  products  in  a  state 
fit  for  immediate  use. 

FARINA.  Tlie  flour  of  any  variety  of 
corn  or  starchy  root,  as  the  potato,  arrow 
root,  (fee.  It  ia  only  a  species  ot  pure 
btarch. 

FATS  occur  in  a  great  number  of  the 
animal  tissues,  beincr  abundant  iiinler  t!ie 
skin  in  what  is  enlle«l  the  tvllulur  inom- 
brane,  round  the  kidru'vs,  in  the  folds  of 
the  omentum,  at  the  b:isc  o\'  the  heart, 
in  the  moiliastiimin,  the  iiiosi'iit*  ric  web, 
us  well  as  upon  the  siirfaee  of  the  iiitt'^t- 
ines,  and  anioni:  many  of  the  niiise'Ies. 
Thev  vary  in  c<^iisir*toiK'e,  color,  and 
SHU'll,  aeeortlinir  to  the  animals  from 
which  they  are  ohtaiiied  ;  thus,  they  are 
generally  Unid  in  the  ei-tiiei'ous  tribes, 
soft  and  rank-flavored  in  the  earnivoroiis, 
solid  and  nearly  scentless  in  the  rumi- 
nants, usually  white  ami  copious  in  well- 
fed  you  mr  animals;  yellowish  and  more 
scanty  in  the  old.  T"lu'ir  con>i>tcm'e  va- 
ries also  aceordinsr  to  the  or-jan  rif  their 
production  ;  IxinL'  tinner  under  the  skin, 
and  in  the  nciirli])orlio<»d  of  the  kidneys, 
than  amoiiLT  the  moveiihle  vi-^cera.  Fat 
form-*  ahout  one  twentieth  oi'the  weiidit 
of  a  healthy  aninial.  lint  as  taken  out  hy 
the  butcher  it  is  tiot  pure,  tor  beiiiLT  <>f  a 
ve-iicular  structure,  it  is  always  enclosed 
in  membrane^,  mixed  with  blood,  lilood- 
vessels,  lymjihatic>,  ttc.  These  foreiirn 
matters  nm^t  first  be  sci>arati<l  in  some 
measure  nie<'hanieiilly,  after  tiu'  fat  is 
minced  small,  and  then  more  completely 


by  melting  it  along  with  hot  water,  _ 
ing  it  through  a  sieve,  and  letting  tho 
whole  cool  very  slowly.  By  this  means 
a  cake  of  cleansed  fitt  will  be  obtained. 
Many  plans  of  purifying  fats  have  been 
proposed ;  one  of  the  b^t  is  to  mix  two 
per  cent  of  strong  sulphuric  acid  with  a 
quantity  of  water,  in  which  the  tallow  is 
heated  for  some  time  with  much  stirring ; 
to  allow  the  materials  to  cool,  to  take  off 
the  supernatant  fat,  and  re-melt  it  with 
abundance  of  hot  water.  More  tallow 
will  thns  be  obtained,  and  that  consider- 
ably whiter  and  harder  than  is  nsnally 
procured  by  the  melters. 

Fat  is  deposited  in  cells  in  the  cellular 
tissues  of  tno  animal ;  when  viewed  un- 
der the  microscope  they  are  partly  poly- 
gonal, partly  reniform  particles,  which 
are  connected  together  by  ver\  thin  mem- 
bnuics.  Tiiesc  may  be  ruptured  by  me- 
chanical means,  then  separated  by  tritu- 
rating the  fresh  fats  witii  cold  water,  and 
passing  the  unctuous  matter  through  a 
sieve.  The  particles  float  in  the  water, 
but  eventually  collect  in  a  white  crranular 
crj'stnlline  appeanmce,  like  starch.  Each 
of  them  consists  of  a  vesictilar  integu- 
ment, of  the  nature  of  stearine,  and  an 
interior  fluid  like  elainc,  wliich  afterwards 
exudes.  The  gmnules  float  in  the  water, 
but  subside  in  spirits  of  wine.  When 
disrested  in  strong  alcohol,  the  liquid 
part  dissolves,  but  tho  solid  remains. 
These  particles  ditfer  in  shape  and  size, 
lus  obtained  from  ditlerent  animals  ;  those 
of  the  calf,  ox,  sheep,  are  nolygonid,  from 
^^  to  ^jrj^  of  an  inch  inciiameter;  those 

of  the  sow  are  kidney-shaped,  and  from 
^6  ^^  rrtft  '  those  of  a  man  are  p^lyson- 
al,  anci  fnnn  ^'^  to  jf^^'j  those  of  in- 
sects are  sphericiJ,  and  at  most  ^X^  of 
an  inch. 

Fats  all  melt  at  a  temperature  much 
under  '2l)i^  F.  When  stronsrly  heated 
with  contact  of  uir,  they  dill'use  while 
puuL'ent  lumes,  then  blacken,  an<l  take 
lire.  When  subjected  to  distillation, 
they  afford  a  chaUL'ed  fluid  oil,  e:irbnreted 
hydroL'cn.  and  the  other  products  of  oily 
bodio.  Kxjiosod  tor  a  certain  time  to 
the  atmosphere,  they  become  ranci^l,  and 
L'i'iurate  tnesame  fat  acids  as  they  do  by 
sapoiiitit'Mtion.  In  their  fresh  state  th.ey 
are  all  ciMniMxcd  jtrincipally  of  stearine, 
marirarine,  and  cleine,  with  a  little  ct»U>r- 
inir  and  (nlorous  matter. 

Fat>  are  true  chemical  saltr*.  t^einir  eom- 

po-,.,!   of  a  tatty   acid   unitctl  to  a  b:tse. 

i'hi>   ba>e    i?*   trciierallv   (/I //it rift*'.     The 

acids   are   either  hUanv  aciJy   which   ia 
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Iband  ftbnndantlj  in  the  hard  fiits,  as 
suet  and  tallow, 

Marffarie  a<fid,  also  a  BoHd|  found  in 
the  crrstalUne  portion  which  cold  throwB 
ontof  olive  oil;  it  is  idso  found  in  ani- 
mal Ikts  and  aUie  aeid^  which  is  fonnd 
abundantly  in  olive  oil,  and  all  liquid  fats 
and  oils. 

The  propertius  of  steaiine  and  elaine, 
or  of  stearic  and  oleic  acids  vary  at  dif- 
ferent neai^ns  and  under  varioufl  circum- 
Rtanoes  ;  thus,  butter,  in  summer,  cou- 
%\%X*  of  60  of  oleine  and  40  of  stcarine  ; 
iu  winter,  of  87  of  oleine,  and  68  of  stcar- 
ine ;  the  former  Aubstanoe  beinff  yellow, 
and  the  latter  white.  It  differs,  nowe ver, 
as  produced  fh>m  the  milk  of  different 
cows,  and  also  aoeordiug  to  their  pas- 
tare. 

Animals  oils  and  fnts  differ  only  in 
fluidity,  and  may  be  treated  of  together. 
Of  animal  oils,  whale  oils,  and  sperm  oils 
are  the  most  generally  known  in  ttiis  coun- 
try :  the  fats  are  snermaceti,  butter ^  tallow, 
lard,  and  suet.  Whale  or  train  oil  is  ex- 
tracted troxa.  the  blubber  of  the  whale, 
principally  the  halena  my^iceUt ;  oriffi- 
nally  it  is  a  flrm  solid  fat.  To  obtain  tlic 
oil,  the  blubber  is  me^ed  in  Iarf?e  copper 
vessels,  a  large  quantity  of  water  sc pa- 
lates, and  on  the  surface  there  flouts  a 
solid  matter  celled  fenks^  which  is  proba- 
bly coagulated  albumen ;  the  more  mo<le- 
rate  the  heat,  and  the  shorter  its  dura- 
tion, the  paler  and  better  the  oil.  Tiie 
deep  color  is  owing  to  too  much  boiling, 
and  perhaps  to  blood  and  imparities  mix- 
ed with  it.  The  Greenland  oil  is  pale 
and  fVee  fVom  smell,  and  burns  with  a 

Sure  and  bright  flame.  By  addincr  cold 
rawn  oil  it  is  made  more  fluid  and  com- 
bustible. Chloride  of  lime  deprives  it  of 
its  offensive  odor.  It  boils  at  600°,  and 
noay  be  distilled,  but  it  then  is  an  altered 
oil.  Sperm  oil  forms  part  of  the  oily  sub- 
stance in  the  cranium  of  the  f«]>ennHccti 
whale  (physeter  macrocephalus).  The 
oil  is  separated  by  putting  the  mass  in 
a  woollen  bag  and  pressing  it,  when  the 
oil  runs  out.  This  kind  of  oil  is  purer 
than  train,  and  bums  away  without 
leaving  charcoal  on  the  wicks.  The 
manner  of  obtaining  the  solid  fnts  hius 
l>een  given;  when  soil  it  is  csillcd  lard^ 
when  hard  Utllouf,  It  is  insohiblo  in 
water  and  alcohol,  melts  at  9o°  or  loo^  ; 
bv  raising  the  heat  it  becomes  acrid,  and 
gives  off  a  pungent  vajjor.  In  close  ves- 
sols  it  is  deconii>osed,  and  among  other 
sulMtanc^s  vieltls  a  larire  quaiititv  of  olc- 
flaiit  gas.  It  is  inflainniable,  uiu\  utfords 
by  oombuation  water  and  carbonic  ac-id. 


FEATHEKS,  the  peculiar  covering  of 
birds,  consist  of  the  tube,  the  shaft,  and 
the  barbs.  The  tube  is  a  hollow,  trans- 
parent, homy  cylinder,  constituting  the 
root  of  the  feather ;  the  shaft  is  elastic, 
and  contains  a  white,  dry,  and  very  light 
pith.  The  tube  contains  a  vascular  sub- 
stance, composed  of  numerous  cells,  join- 
ed together,  and  communicating  with 
each  other.  This  is  enveloped  by  the 
tube,  but  communicates  with  the  skin  by 
a  small  opening  at  the  root  of  the  tube, 
and  is  probably  the  organ  by  which  the 
feather  is  nourished.  Two  sides  of  the 
shaft  are  covered  with  the  barbs,  running 
in  a  uniform  direction ;  and  each  barb 
fonns,  of  itself,  a  little  shaft,  which  is 
covered,  in  a  similar  manner,  with  little 
barbs  on  each  edge.  On  the  wing-fea- 
thers, the  barbs  are  broader  on  one  side 
than  on  the  other  ;  but  on  the  other  fea- 
thers, they  are  equal  on  both  sides.  The 
barbs  are  provided  with  barbules,  bv 
which  they  are  bound  so  firmly  to  eacli 
other,  as  to  appear  to  adhere  together, 
although  they  are,  in  fact,  entirely  sepa- 
rate. The  feathers  of  birds  are  periodi- 
callv  chanjred.     This  is  called  moulting. 

T^hc  best  metho<l  of  curing  feathers  is 
to  lay  them  in  a  room  exposed  to  the  sun, 
and,  when  dried,  to  put  them  in  bugs, 
and  beat  them  well  witli  poles.  Fea- 
thers, when  chemically  analyzed,  seem  to 
pos^ess  nearly  the  same  properties  as 
nair. 

FEATHERS.  (Purification  or.)— 
The  following  is  nn  outline  of  Hcal's  pro- 
cess : — 

*'  The  feathers  are  first  placed  in  what 
is  termed  a  nUam-ciHern^  a  chamber  of 
iron,  having  its  floor  fomied  of  perforat- 
ed metal,  through  which  a  current  of 
steam  is  made  to  enter  with  considerable 
force,  to  fill  every  portion  of  the  cistern, 
and  thoroughly  saturate  the  mass  which 
it  contains.  This  continues  for  some 
time,  the  effect  upon  the  feathers  being 
analogous  to  that  produced  upon  nietallio 
suVjstances  when  exposed  to  the  red  heat 
of  a  furnace.  Every  particle  of  animal 
matter  they  contain  is  fused  and  driven 
ofi',  V)cing  carried  away  by  the  stcimi  as 
it  nnhes  through  the  mass  and  escapes 
by  an  aperture  for  the  puroose  in  the 
roof  of  ttie  cistern.  The  feat  Iuts.  nf>w  of 
course  in  a  damp  state,  are  next  placed  in 
a  large  hollow  cylinder  of  iron,  into  wliich 
by  means  of  alilowingnuichine,  is  carried 
a  rnpi<l  current  of  air,  heated  bv  a  fur- 
nace to  a  temperature  of  ^oo-".  1  liis,  like 
the  tiint  cylinder,  contains  a  revoivin^iu- 
i  strument  of  iron,  but  having  arms  or  ban 
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of  iron ;  and  these,  driven  at  a  ?reat  velo- 
city, pass  through  and  through  the  mass, 
thoroughly  separate  it,  and  keep  the  fea- 
thers constantly  in  motion  :  thus  allow- 
ing the  current  of  hot  and  drying  air  to 
permeate  them  freely,  and  etfeetually 
Bcparating  every  fibre  of  them,  while 
througli  a  floor  of  wire- work  passes  awav 
a  large  quantity  of  dust  and  refuse,  whicn 
must  be  disengaged.  Lastly,  the  feathers 
are  placed  in  a  hollow  cylinder  of  perfor- 
ated metal,  in  which  revolves  a  Man,' 
composed  of  four  plates  of  metal,  fixed  at 
equal  distances  from  each  other,  into  a 
horizontal  bar.  This  is  tlriven  with  im- 
mense velocity,  making  about  yoo  revo- 
lutions in  a  minute,  and  carrying  round 
the  feathers  with  it;  the  dust,  not  al- 
rewly  removed  in  the  dryintr  cylinder,  is 
Beparated  by  the  powcrl'ul  current  of  air 
wnich  is  driven  througli  them,  and,  pass- 
ing the  perforations  of  the  cylin»ler,  is 
carried  away  bv  a  drain  beneath.  By  this 
means  the  fcatlicrs  are  rendered  perfectly 
sweet,  pure,  and  dry." 

FEL-sPAK.  An  importimt  mineral 
composed  of  silica,  alumina,  and  potash, 
with  traces  of  lime,  and  often  of  oxide  of 
iron.  (\Mnmon  felspar  is  of  various 
shades  of  white  and  red;  it  forms  an  in- 
gredient in  granite,  and  is  the  base  of 
Bome  other  rocks.  It  is  often  crystalizcd, 
and  clcHves  into  rhoniboitlal  fra:/nieiits. 

FELTING.  The  procrss  by  which 
ditferent  kinds  of  fur  or  wool  an-  bU-ndi'd 
into  a  c«>iu[»;u.'t  tt'xlurc  f'»r  tlic  inaiinfai'- 
ture  of  hat-^.  The  anatoniical  peculiari- 
ties of  tin;  ditferent  hair?*  <>r  furs  are 
much  C'lueerned  in  the  jx-rt'ei'tjon  of  thi- 
felt ;  they  mnst  be  su'-h  a'^  to  eiialtle  tliein 
to  interlae'O  and  intertwine  with  eai-h 
other.  Hare  and  rabliit  t'lir.  woo],  aiid 
beaver  are  the  eliief  niatcriaU  nx-d  :  tht-v 
are  mixed  in  nroper  jirot.ortion-;,  and  an- 
tos'^ed  ahoiit  by  the  >troKes  ot'a  viliratin*/ 
KtriiiiTor  bow  till  tliey  l.eeome  duly  mat- 
ted toL'ctlier.  The  ra^iid  alt<rnatioi,>  ..t' 
its  motion  beiiiir  pev'uharjy  well  adaptcil 
to  remove  uU  irrc^'ular  knot-;  and  adlu-- 
sions  aMioii;r  thr  tibn-^.  and  to  di'^p"-.- 
them  in  a  very  \]'j]\l  and  imitorin  arraui:*'- 
ment.  Tills  texture,  ulieii  pre->cd  under 
clotli.H  ami  leather,  readily  unitrs  into  a 
mass  ot"  soiiH'  tirtnne^s.  Tlii.-«  inas>  in 
dii>j)ed  into  liijuor  eontainiiii.'  a  little  sul-> 
j)liurie  aeid  ;  and.  when  intended  t<j  l"<>rni 
a  hat.  it  i-*  tlrst  niould*  d  into  a  larLff  y>\i- 
ieal  tijiir*',  and  thi-«  is  atK'rnar^N  rt'dm-rd 
in  its  ditiirnsir>us  by  \v«>rkin_'  it  t<>r'-cvf- 
ral  hours  with  the  hand-.  It  is  then 
formed  intoa  tiat  snrtare,  with  «.\  .M-al  rou- 
Ocntrie  I'ojds,  whi»'h  are  still  t'unln-r  eom- 


pacted,  in  order  to  make  the  brim,  and 
the  circnlar  part  of  the  crown,  and  forced 
on  a  block  which  serves  as  a  mould  for 
the  cylindrical  part.  The  nap,  or  outer  por- 
tion of  the  fur,  is  raised  with  a  fine  wir€ 
brush,  and  the  hat  is  subsequently  dyed, 
and  stitfencd  on  the  inside  with  glue*. 

FENCE.  Any  continuous  line  of  ob- 
stacle interposed  by  art  between  one  por- 
tion of  the  surface  of  land  and  another, 
for  the  purpose  of  separation  or  exclu- 
sion. The  kind  of  obstacle  or  material 
differs  according  to  the  animals  which 
are  to  be  separated,  excluded,  or  confin- 
ed, and  the  nature  of  tiic  soil  and  situa- 
tion. All  fences  are  either  live  or  dcatl, 
or  a  compound  of  these.  Live  fences 
are  hedge:^ ;  that  is,  rows  of  shrubs  placed 
close  together,  and  pruned  on  the  sides, 
so  jis  to  form  a  sort  of  living  wall.  Dead 
fences  are  either  stone  walls,  mounds  of 
earth,  or  structures  of  wood  or  of  other 
materials  raised  al.>ove  the  ground's  sur- 
face, or  upon  ditches  excavated  in  it.  The 
latter  are  sometimes  filled  with  water. 
Mixed  fences  are  those  in  which  some 
kind  of  dead  fence  is  used  with  some 
kind  of  live  fence  ;  for  example,  a  ditch 
with  a  bank  of  earth  on  one  side,  or  a 
diteli  with  a  wall  or  a  hedge  on  one  side  ; 
the  latter  the  commonest  of  all  fences. 
The  introduction  of  fences  into  agricul- 
ture was  alwnit  a;*  great  an  improvemetit 
in  the  progress  of  that  art,  as  that  of  the 
principle  of  the  division  of  labor  into  the 
art  of  inanul'aeture. 

FERMENTATION.  When  certain 
veufctuble  saV)staiiees  are  dissolved  in 
water,  and  sul)ieeted  to  a  due  temi  cra- 
tiu'c  ( Ixt  ween  f)'^  and  '^'i^K  they  uutlergo 
a  scries  of  ehan-.'cfi  which  terminate  in 
the  production  of  alcohol  or  s]»irit  ;  tho^ko 
chanires  eoii-j|itute  the  phenomena  of 
vifi'imi  t\  rtiu  iitiitii>n.  Siiirar  and  sojno 
ferment  are  cHsential  to  the  process;  and 
durintr  the  foriualion  of  the  alcohol  the 
su_Mr  disa|»i>ears,  and  earbonie  acid  is 
more  or  less  abundantly  evolved.  The 
>im]ile.>t  case  ot'  lermentati<»n  is  that  of 
iii'/sf.  or  of  the  «-\pres>i'.l  juiee  of  the 
'j-rape,  which,  when  ex]»oscd,  either  in 
elosr  or  oprii  N'esscls.  to  a  temperature  oi 
about  1^^  ,  Soon  beL'ins  to  ifivc  otf  car- 
biuiie  acid,  and  to  become  turbid  and 
frothy  ;  attt-r  a  time  a  scum  collects  upon 
the  ~url"ace,  and  a  sediment  is  <leposit».'d  ; 
the  li'iuor.  wliieh  had  ;;rown  warm.  L'ni- 
dii  illy  i-'M>U  and  eK•ar^,  loses  its  sweet 
t:i-te,  and  Is  i-onverti-d  into  irine.  The 
cliie('eorii['o!i(iit  parts  ot"iiiu>tare  watir, 
sie.Mr,  mu'-il.iLTe.  ifluicn,  an<l  tartar. 
iMiriiiL:    the    t'ermentation    cnrl>onic  acid 
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escapes,  the  sagar  disappears,  and  with 
it  the  greater  part  of  the  mucUn^e  :  the 
platen  chiefly  forms  tlie  scumanA  a  por- 
tion of  the  sediment ;  and  the  tartar,  ori- 
ginally in  solution,  is  thrown  down  in 
the  form  of  a  colored  deposit.  It  appears, 
therefore,  that  the  new  products,  which 
arc  aU'ohol  and  carhotilc  acid^  are  princi- 
pally formed  at  the  expense  of  the  sugar ; 
and  Gay  Lussac's  experiments  liave 
shown  that  45  pounds  of  sugar  are  re- 
solved, in  the  process  of  fermentation, 
into  2d  of  alcohol  and  22  of  carbonic  acid. 
Sugar  and  water  alone  will  not  ferment ; 
the  ingredient  requisite  to  the  commence- 
ment of  the  change  is  the  gluten,  which 
ab:<orbs  in  the  first  instance  a  Uttle  oxy- 
gen from  the  air,  becomes  insoluble,  and 
mduces  the  subsequent  clianges.  The 
reason  why  grapes  never  ferment  till  the 
juice  is  expresaedj  seems  to  dejKjnd  upon 
the  exclusion  of  air  by  the  husk  ormem- 
bnines;  and  if  grapes  be  bruised  in  a 
perfectly  close  vessel,  cari'fully  excluding 
oxygen,  the  juice  undcrg()es  no  change  ; 
so  that  the  mere  breaking  down  of  the 
texture  of  the  fruit  is  insufficient.  But 
a  verv  short  exposure  of  the  pulp  to  air 
is  snfiicient  to  mduce  that  change  in  the 
juice  which  leads  on  to  fermentation, 
and  which  is  afterwards  independent  of 
the  further  contract  of  air,  the  evolution 
of  carbonic  acid  being  exclusively  refera- 
ble to  the  decomposition  of  susjar.  In 
hf^r  the  alcohol  is  derived  fVom  the  sugar, 
original  and  produced,  of  the  malt.  When 
wine  is  exp<^>sed  to  air  and  a  duo  temper- 
ature, a  second  fermentation  ensues, 
which  is  csillcd  acetoiuf  fenruntittum^  an<l 
which  terminates  in  the  production  of 
viuttjiir.  During  this  process  oxypen  is 
absorlnid,  and  more  or  less  carbonic  acid 
in  most  cases  evolved;  but  the  apparent 
cause  of  the  formation  of  vineirar  is  the 
abstract  of  hydrogen  from  the  alcohol,  so 
OS  to  leave  the  rcmainintr  olenicnts  in  such 
proportions  as  to  constitute  ac*ti^  acid. 
Thus  alcohol  is  theoretically  constituted 
of  charcoal,  water,  and  hvdroi,'en ;  and 
acetic  acid  of  charcoal  anci  water  only ; 
the  oxvgen  of  the  air,  therefore,  con- 
verts tlie  hydrogen  of  the  alcohol  into 
wat«'r,  and  so  etlects  the  change  into 
viniirar. 

Essential  to  fermentation  are  :  1.  Sugar, 
or  an  equivjilent  convertible  into  it.  2. 
Water.  3.  Heat,  or  increase  of  atomic 
activity.     4.  Leaven,  or  yeiust.     o.  Air. 

Without  a  sucvliarine  Huhstance  the  fer- 
m<'n^:iti<»n  is  a-'etie,  <»r  vineirar;  with 
it  the  fernient:iti(»n  is  vinou>,  or  spiritu- 
ous.    These  are  followed  by  dec«»niposi- 


tion  or  putrescence,  called  the  ultimate, 
or  putrefactive  fermentation. 

It  is  most  rapid  from  70°  to  100°.  No 
vinous  or  beer  fermentation  takes  place 
below  55° ;  and  above  100°  the  acetous 
precedes  the  vinous  while  the  sJeohol 
evaporates  as  formed.  It  is  slower  as  the 
heat,  or  atomic  activity,  descends  towards 
55°,  and  quicker  as  it  advances  towards 
100°.  Again,  heat  should  rise  inversely 
V9  quantity :  100  gallons  will  do  best  at 
94° ;  450  giUlons  at  72°,  and  20<X)  gallons 
at  63°.  Small  vessels  part  with  heat  more 
rapidly  than  sreat  ones  ;  and  the  time  is 
inversely  as  the  heat ;  100  gallons  at  63° 
would  take  8  days  instead  of  2.  Again, 
fermentation  generates  from  2°  to  22°  of 
heatj  as  q^uantity  and  strength,  and  the 
sinking  ot  this  internal  heat  to  tnat  of  the 
surrounding  atmosphere,  is  the  signal  for 
the  termination  of  the  fermentation.  No 
operation  should  be  attempted  where  the 
atmosphere  is  less  than  50°,  and,  when 
less,  doors  and  vents  should  be  closed, 
and  fires  lighted.  If  the  atmosphere  is 
8u°  or  90°,  the  liquid  must  be  set  to  work 
at  70°  or  80°  and  smaller  vessels  used  in 
summer  than  in  winter.  By  regulating 
the  heats,  fermentation  may  be  conducted 
with  success  in  every  season. 

W^hen  fermentation  is  arrested,  bottles 
or  casks  of  hot  water  must  be  immersed, 
or  water  added  to  raise  the  temperature. 

When  the  fermentation  is  too  rapid,  it 
can  be  checked  cither  by  adding  a  strong 
solution  of  wort  orsyruj),  or  coolinuwith 
jets  and  ventilation,  or  by  evaporation 
from  the  outride  of  the  fermenting 
vessel. 

Whatever  diminishes  the  strength  of 
the  wort,  or  must,  incrciu«es  the  fermen- 
tation ;  whatever  increases  the  strength 
diminishes  the  fermentation. 

Heat  also  increases  it,  and  cold  dimi- 
nishes it. 

No  fermentation  takes  places  in  a  va- 
cuum, or  in  carbonic  acid  gas,  and  air  is 
essential;  but,  it  is  not  nece.>sar\' to  leave 
the  fernjcntini;  liquor  uncoveied,  since 
the  air  penetrates  and  luis  saturated  all 
the  materials.  When  the  fcnniMilation 
has  ctMUHienced,  air  favors  the  a<;et<»us 
more  than  the  vinous  fernieiitation. 
Much  mixture  with  air  converts  the  fer- 
ment to  vinejrar :  and  while  the  fernientai- 
tion  Isusts,  the  liipior  is  protected  by  a 
stratum  of  carl)onic  acid  f^as  Ivin^  over 
it. 

FKRX  KOOT.  The  n.ot  of  tlu-  .•^y'/- 
r/////// //V/r ///''A.  »»r  niaU!  fern.  Ab^'Hl  two 
dracluiis  of  the  tlrir-1  root,  in  powder, 
toilowi'd  up  by  a  hri>k  purine,  is  oecasion- 
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ally  given  as  a  vennifnge.  It  was 
Madiime  Nouffer'i)  celebrated  specific. 

FERROCYANIC  ACID.  A  eorapoimd 
of  8  atoms  of  cyanogen,  2  of  hydrogen, 
and  1  of  iroQ.  It  is  the  ferrochyazic  acid 
of  Mr.  Porrett,  the  term  chyazic  being 
composed  of  the  initials  of  carbon,  hy- 
drogen, and  azote,  wliich  are  the  tdtimate 
elements  of  livdro-cyanogen. 

FIBRE.  One  of  the  two  bases  of  all 
vegetable  structures.  It  niuv  be  com- 
pared to  hair  in  inconceivable  fineness, 
Its  diameter  often  not  exceeding  1-1200 
of  an  inch;  also  the  name  of  the  finer 
divisions  of  roots. 

FIBRIN.  A  term  opplied  by  chemists 
to  the  muscular  fibre  when  clean8»ed  by 
washing  from  all  adhering  impurities  ; 
or  to  the  congulum  of  the  blood  when 
the  whole  of  the  coloring  matter  is  washed 
out  of  it.  It  is  white,  insipid,  and  inodor- 
ous ;  its  ultimate  elements  are,  according 
to  Gay  Lussac  and  Thenord — 

Carbon  ....  53-36 
Hvdrojfen  .  .  .  T1J2 
Nitrogen  .  .  .  19-98 
Oxygen  ....  19-69 

It  is  merelv  a  form  of  alhufnen, 

FIBRULltE.  A  rare  mineral  of  a  pe- 
culiar fibrous  texture,  accompiuiyintr  vo- 
rttn^vm  from  theCarnutic  and  from  China. 

FILE.  This  instrunicnt  is  formed  by 
cutting  teeth  upon  a  plate  or  tool  of  soil 
steel  by  the  repeated  blows  of  a  struitrht- 
edged  chisel.  These  teeth  either  form  a 
single  series  of  straiirht  lines,  or  they  are 
crossed  by  a  sec(»nd  scries  :  tlie  former 
are  called  ttimjU  cut,  the  latter  doufth  cut 
files.  Files  are  re(}iiired  to  be  extremely 
hard:  and  unless  tliev  are  carefullv  and 
skilfully  hardeneil,  tliev  are  ai»t  to  warp. 
The  best  files  are  made  exoliisively  of 
cast  steel,  and  arc  eut  by  hand,  none  of 
the  flle-euttin£»  rnaehines  producing  un- 
exeeptioiial)Ie  tools. 

FlLLKiKKE  WORK.  This  work  is  a 
kind  of  enricliment  on  jr'»ld  or  silver, 
wroucrht  delicately  in  the  manner  ot*  little 
threiuls  or  grains,  or  both  interiuixe<l. 
In  this  kin<l  of  work,  fine  irold  and  >*ilver 
wire  are  often  eurh-d  in  a  serpentine  t«»rni 
and  braided  throui;h  eaoli  other,  or  form- 
ed into  test(H»ns  iiml  various  oriuiintMits, 
entwistinp  the  threads  to  ^'ivc  them  a 
verv  beautiful  elfeet.  Tlii>  art  is  very 
ancient,  and  was  hrouu'ht  into  Europe 
ft-om  the  east.  It  was  fornurly  nnu-h 
used  tor  decoratinir  iniaires  and  the  toinl)S 
of  saints.  The  Hindoos  and  ("hine-^e 
make  some  beautit'ul  works  of  this  kind, 
with  tools  w  hieli  are  \ery  cnurse  and 
clumsy.      The   Malay  jewellers  make  a 


great  deal  of  ailver  UlUgree  work,  and  gold 
also.  They  either  melt  their  gold  in  an 
earthen  rice  ]^t  or  in  a  clay  crucible. 
They  blow  their  fires  with  their  mouth, 
through  bamboo  tubes,  and  they  draw 
their  wire  much  aa  we  do  ouraelvea ;  after 
having  drawn  it  sufficiently  fine,  they 
flatten  it  on  the  anvil,  and  give  it  a  pecu- 
liar twiat  by  rubbing  it  on  a  block  with  a 
flat  stick.  They  then  form  it  into  leaves 
and  flowers  bv  handiwork,  until  they 
have  the  number  to  form  the  pattern 
they  wish  to  execute  on  the  plate.  They 
olwavs  have  the  pattern  beside  them  of 
the  All!  size  they  wish  to  form  on  t\\^  crold 
plate.  They  fix  their  work  with  a  gluti- 
nous substance  made  of  a  berr}'  ground 
on  a  stone.  They  keep  this  substance  on 
a  piece  of  cocoa  nut.  After  all  the  leaves 
of  the  filligree  is  laid  on  the  plate — ^stuck 
on  bit  by  bit — a  solder  is  prepared  of  gold 
filings  and  borax  moistened  with  water, 
which  they  strew  over  the  plate,  then  put 
it  in  the  fire  till  the  whole  becomes  united. 
In  making  open  work  the  foliage  is  stuck 
on  a  card  with  the  berry  paste,  tlien  the 
work  is  strewn  over  w^ith  the  solder  and 
put  into  the  fire,  when  the  card  burns 
away  and  the  whole  remains  united.  If 
the  piece  is  very  lai^e  it  is  soldered  seve- 
ral times.  When  the  filligree  is  finished, 
they  cleanse  it  bv  boiling  it  in  common 
salt  water  and  a1nm,  and  they  give  it  a 
fine  purple  color  by  boiling  it  in  water 
with  sulphur.  Except  in  India,  China, 
and  some  parts  of  Turkey,  this  art  is 
much  neffleeted  at  present. 

FILTRATION  is  a  process  purely  me- 
chanical, for  separating  a  liquid  from  the 
undissolved  particles  floating  in  it,  which 
liquid  may  Ih'  either  the  u.seful  part,  as  in 
\eu'etablc  infusions,  or  of  no  use,  as  the 
washings  of  mineral  precipitates.  The 
filteriiiiT  substance  mav  consist  of  anv 
porous  matter  in  a  solid,  foliated,  or  puf- 
viMuIent  form  ;  as  porous  earthenware, 
unsi/.ed  paper,  elotli  of  many  kinds,  or 
sand.  The  white  blotting  popcr  sold  bv 
the  stationers,  answers  extremely  well 
lor  tillers  in  clieniie:il  experiments,  pro- 
vi<ied  it  be  j>reviously  washed  with  dilute 
inuriaitie  aeid,  to  remove  some  lime  luid 
iron  tliat  are  trenerally  present  in  it.  Fil- 
ter |>apers  arc  lir."*t  cut  square,  and  then 
loldcd  twice  <liair*>nally  into  the  shape  i>f 
a  cornet,  having  the  an<rular  parts  rt»und- 
ed  olf.  Or  the  piece  of  paper  beintr  eut 
into  a  circle,  nuiy  be  folded  fan-like  iVoni 
the  centre,  with  the  folds  placed  CJHeri- 
orly,  antl  turned  out  sliarj)  by  the  prcs- 
h-urc  of  the  lin-rer  and  the  thumb,  to  Keep 
intervals  between  the  paper  and  the  fun- 
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uel  into  which  it  in  fittod,  to  favor  the 
percolation.  The  diameter  of  the  funnel 
should  be  about  three  fourths  of  its 
height,  meaDured  from  the  neck  to  the 
edge.  If  it  be  more  divergeut,  the  slope 
wih  be  too  small  for  the  ready  efiiux  of 
the  fluid.  A  filter  covered  with  the  bedi- 
roent  is  most  conveniently  washed  by 
spouting  water  upon  it  with  a  little 
syringe.  A  small  camel's- hair  paint 
brush  is  much  employed  for  collecting 
and  turning  over  tne  contents  in  their 
soil  state.  Agitation  or  vibration  is  of 
singular  efficacy  in  quickening  percola- 
tion, as  it  displaces  the  particles  of  the 
moistened  powders,  and  opens  up  the 
pores  which  had  become  closed.  Instead 
of  a  funnel,  a  cylinder  vessel  may  be  cm- 
ployed,  having  its  perforated  bottom 
covered  with  a  disc  of  fiitenng  powder 
folded  up  at  the  edges,  and  macle  tight 
there  by  a  wire  ring.  Linen  or  calico  is 
n»ed  for  weak  alkanne  liquors  ;  and  flan- 
nels, twilled  woollen  cloth,  or  felt-stutf, 
for  weak  acid  ones.  These  fllter  bags 
are  often  made  conical  like  a  fool's  cup, 
and  have  their  mouths  supported  by  a 
woollen  or  metallic  hoop.  Cotton  wool 
put  loose  into  the  neck  of  a  funnel  an- 
swers well  for  filtering  oils  upon  the  small 
scale.  In  the  large  way,  oil  is  filtered  in 
conical  woollen  bogs,  or  in  a  cubk  with 
many  conical  tubes  in  its  bottom,  filled 
with  tow  or  cotton  wool.  Stronger  acid 
and  alkaline  liquors  must  be  filtered 
through  a  layer  of  pounded  glai*s,  quartz, 
dean  sand,  or  bruised  charcoal.  The  al- 
carrhazas  are  a  porous  biscuit  of  Btonc- 
ware  made  in  Spain,  which  ore  conve- 
nient for  filtering  water,  as  al^o  the  po- 
rous flitering-etone  of  Tencriti'e,  largely 
im|X)rted  into  England  at«one  time,  hut 
now  Hiiperseded  in  a  great  measure  l>y 
the  artiticiail  filters  patented  under  many 
forms,  consisting  essentially  of  strata  of 
gravel,  sand,  and  choreoal  powder. 

FIREARMS.  (See  Gun,  230.)  A  now 
gun  has  been  invented  by  Mr.  M.  Cuss,  of 
Utica,  N.  Y.  This  gun  is  lojuicd  at  the 
breech  with  ball  cartridge,  havinj;  ehaiii- 
bers  for  twenty-six  char^'cs.  It  is  also 
capped  at  the  same  time  that  it  is  chartr- 
ed.  These  twenty-six  cliartres  can  he 
fired  in  about  three  minutes  without 
using  any  {mrticular  haste.  The  car- 
tridjiTe  i*  introilueid  in  the  barrel  ot'  the 
gun  throutrh  the  breech-pin,  which  is 
constructe<l  something  in  the  maimer  of 
a  curmiofi  faucet,  hoinjr  tuj-ned  «»»k- quar- 
ter round  by  a  small  lever  utuleriiealh 
the  barrel,  and  thus  admitting  the  charge, 
which  is  thrust  forward  from  its  chamber 
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by  a  small  ramrod  operating  from  behind 
by  means  of  another  small  lever. 

A  new  breech-loading  musket  has  been 
invented  in  Prussia,  which  may  be  short- 
ly described  thus : — 

'*  The  musket  has  no  lock,  and  is  load- 
ed at  the  stock  end  of  the  barrel.  The 
barrel  is  slightly  rified,  but  the  grooves 
are  perfectly  straight,  and  not  spiral,  as  in 
the  American  gun.  The  common  cnarge 
is  one-half  of  Jhat  used  in  the  old  per- 
cussion gun,  and  is  said  to  carry  the  oall 
to  its  mark  nine  hundred  yards.  None 
of  the  powder  is  wasted,  the  fire  being 
communicated  from  the  side  of  the  bar- 
rel, and  not  from  the  breech.  This  is 
eftected  by  an  ingenioas  contrivance. 
The  part  of  the  cartridge  next  the  ball  is 
filled  with  an  explosive  substance  similar 
to  that  in  a  percussion  cap.  This  is  made 
to  explode  by  the  contact  of  a  piece  of 
steel  about  the  length  of  an  eight-penny 
nail,  which  passes  from  the  outside  of 
the  barrel  through  the  cartridge.  The 
gun  is  called  the  '*  nail  firer."  It  can  be 
discharged  by  a  common  soldier  eight 
times  in  a  minute,  and  need  not  be  taken 
from  the  shoulder  to  be  reloaded. 

FIRE  BLAST.  A  tenn  of  very  doubt- 
ful meaning,  like  the  word  blight.  In 
offrieulture  it  is  sometimes  applied  to 
plants  which  are  sutiering  from  the  mil- 
dew fungi,  or  from  minute  insects;  but 
its  legitimate  use  would  n]»pear  to  be  ap- 
j)lieablc  only  when  the  delicate  parts  of 
plants  are  too  suddenly  exposed  to  a 
brilliant  sun,  and  the  rajtid  transpiration 
which  takes  place  in  consequence  driea 
up  and  shrivels  their  leaves. 

FIREDAMP.  The  carburcttcd  hydro- 
gen gas  of  coal  mines. 

FIRE  ENGINE.  This  most  iiseful 
n  aehine  is  constructed  in  a  variety  of 
forms,  which  all,  however,  agree  in  one 
principle.  It  generally  consists  of  a  dou- 
ble forcing  pump  communicating  with 
the  same  air  vessel  ;  and  instead  of  a 
f»»rcc-pipc  a  tiexible  leathern  hose  is  used, 
tlir«»ULrh  which  the  water  is  driven  by 
the  presriure  of  the  condensed  air  in  the 
air  vessel.  The  an- 
nexed diairram  reytre- 
seiits  a  hCclioM  of  the 
apparatus.  The  pipe 
T  descends  into  a  re- 
ceiver or  vessel  con- 
taining a  snj>j»ly  of 
water.  This  pi]»c 
comiunnicates  with 
two  sucti»>ii  valves  V, 
wliieh  open  into  the 
pujup  barrels  of  two 
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fordnj?  pumps  A,  B,  in  which  solid  pis- 
tons r,  are  placed.  The  piston  rods  of 
these  are  connected  with  a  working  beam 
F,  elongated  so  that  a  number  of  persons 
may  work  at  both  ends  of  it  at  once. 
Force-pump  barrel  above  the  valves  V, 
and  pipes  ty  t,,  proceed  from  the  sides  of  the 
they  communicate  with  an  air  vest^el  M, 
by  means  of  forcinc:  valves  V,  which  also 
open  upwards.  The  pipe  descends  into 
the  air  vessel  near  the  bottom.  This 
pipe  is  connected  with  the  flexible  leath- 
ern hose  L,  the  length  of  which  is  adapt- 
ed to  the  purposes  to  which  the  machine 
is  to  be  applied.  The  extremitv  of  the 
hose  mav  be  carried  in  any  direction, 
and  may  be  introtluccd  throuffh  the  doors 
and  windows  of  buildings.  By  the  alter- 
nate action  of  the  pistons,  water  is  drawn 
through  the  suction  valve,  and  propelled 
through  the  forcing  valve^^,  until  the  air 
in  the  top  of  the  vessel  M  is  hi<jfhly  com- 
pressed. The  presBiire  act-^  on  the  jsur- 
face  of  the  water  in  the  vessel,  and  forces 
it  through  the  leathern  hose  in  a  con- 
tinued stream,  so  tis  to  sj>out  from  its 
extremity  with  a  force  depending  partly 
on  the  degree  of  condensation,  and  jmrtly 
on  the  elevation  of  the  extremity  of  the 
hose  above  the  level  of  the  engine.  It 
is  to  be  considered  that  the  j)ressurc  of 
tlie  condensed  air  has,  in  the  first  in- 
stance, to  support  a  column  of  water,  the 
height  of  which  is  equal  to  the  level  of 
the  end  of  the  tul>c  above  I  lie  level  of 
the  water  in  the  air  vessel ;  and  until  the 
pres.*ure  exeee«.ls  what  is  iiec-essary  for 
this  purpose,  no  water  can  sjioiit  from 
the  end  of  the  hose  ;  and,  eon.s«'.jneiitlv, 
the  f(»ree  with  whieh  it  will  so  spout  will 
be  proportional  to  the  exet;ss  of  tho  jires- 
sure  of  the  comleiirsed  air  ahovi*  the 
weight  of  the  eolunin  of  wafer,  whose 
height  is  equal  to  the  elevation  of  the 
end  of  the  hose  above  the  level  (>f  the 
water  in  the  air  vt-ssel. 

A  steam  tire-ciiirine  has  hcen  V.uilt  hy 
Mr.  Brailhwaite,  of  hondoii,  tor  the  King 
of  Prussia.  It  i^  iiitciKhd  to  he  «-n<  lu- 
eively  ein|. loved  for  the  protection  r^t"  the 
public  ImiMirii/s  of  Berlin. 

The  comltustjon  is  promoted  by  nieiuis 
of  an  exhauster,  in>tea(l  of  a  bellows;  the 
flue  ij  in  two  leni,''ths,  and  the  t:re:ite>t 
diameter  r»  ineh^•?^.  The  ^!e;^nl  «'_\  linder 
is  I'J  inehes  in  ilianieti-r,  with  a  14  inch 
stroke.  The  water  e\  linder>  are  l"i  ineh. 
in  diameter,  with  :il>o  a  M  inch  >tr<-ki'. 
The  steam  t'rom  the  t'diiciir>ii-j.ipe  is  eon- 
veyed  thronirh  twr>  e<'ils  of  tui>iiii:  laid  in 
the  water  tank,  and  imparts  a  eousider- 
able  detrree  of  he:it  tr»  tiie  WiiUr  b.fore  it 


is  transferred  to  the  boiler.  The  feed 
pump  is  equal  to  the  supply  of  from  20  to 
25  cubic  feet  of  water  per  hour. 

The  steam  is  got  up  (in  20  minutes.) 
and  the  pressure  in  the  boiler  is  at  70  Ibe. 
the  square  inch.  The  height  to  which 
the  water  is  ejected  is  not  less  than  iVom 
115  to  120  feet.  The  number  of  strokes 
per  minute  is  18,  which  gives  for  the 
quantity  of  water  thrown  1  ton  7  cwt. 
18  lbs.  per  minute. 

The  water  cylinder  being  104  in  dia- 
meter, the  area  of  the  water  piston  most 
be  86-6  square  inches ; 

And  a  14- inch  stroke  of  the  engine 
gives  for  the  length  of  the  stroke  in  the 
water  cylinder  56  inehes ; 

Therefore,  866  X  56  =  4849-6  cubic 
inches  of  water  each  stroke  =  2*8  cub.  ft. 
Deduct  for  back-water  through  the  valves 
1  cub.  f\.,  leaves  for  the  etiectual  result 
2-7  cub.  ft. 

And,  multiplying  2-7  by  18,  the  num- 
ber of  strokes  j>er  minute,  we  have  48*6 
cubic  feet  per  minute  =  8037  Ib.s  =  1  ton 
7  cwt.  18  lbs. 

Two  ])ipes  were  aften^'ards  substituted, 
of  7-^^  ineh  in  diameter;  then  four  of  5-8 
inch  in  diameter;  and  the  etfei'ts  pro- 
duced in  each  instance  was  as  nearlv  as 
possible  equivalent  to  that  obtaine<{  by 
the  1^  ineh  jet. 

The  averaije  working  power  of  the  en- 
gine is  between  8U  and  yu  tons  of  water 
per  hour. 

The  consumption  of  coke  is  about  three 
bushels. 

For  the  sui>y>ly  of  the  great  quantity 
of  water  neee^sary  for  the  engine,  cai»t- 
iron  suetion-j)ij^CH  are  to  lie  laid  under 
the  pavement,  with  plugs  to  which  tlie 
suction  of  the  engine  inav  be  fixed.  In 
eon>«'quenee  of  this  arransrement,  the  en- 
irine  may  be  used  as  well  for  extin^uish- 
iniT  fire  it>elf  as  for  supplying  other  en- 
irinr-s  with  water.  As  there  are  4<.H.»  ft.  of 
hose  belouiriujr  to  it,  the  water  may  even 
by  tiiat  nu  ans  be  conveyed  to  great  dis- 
t;iiM  es  ;  an«l  a  lanje  plane  nuiy  be  protect- 
ed by  plaeiiiir  till-  enifinc  into  a  circle,  the 
niiliiis  of  wliieh  is  4<M»foet.  This  power- 
ful euL'ine  requires  an  encrineer.  a  stoker, 
juid  I  to  4  men  to  attend  to  the  hose.  It 
j^a\('s  the  stniiirlh  of  4'J  to  \(\?\  men,  ac- 
eoidiu'/  to  its  size  from  G  to  l.'i  horse 
'ower.  It  do(  s  not  tire,  works  regu- 
aily.  and  n-quires  no  ri-liet*. 

('<>, -J >,/■'. •<  Uiilntivii  Iin  Enmuf  is  on 
the  rut'itir,  j'l  iiiiijtU  ^  worketl  by  Irt  men, 
with  11  ineh  le\cr.  It  «li>eliark:es  through 
a  4  inch  pipe,  more  water  than  three  S 
in<'h     i\liud«r«<,     with    V    in<'h    stn^kes. 
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■nd  15  inch  lever,  worked  by  84  men — 
and  as  much  water  as  four  6i  inch  cylin- 
ders, 9  inch  Btrokes,  worked  by  86  men 
mith  24  inch  lever.  This  experiment 
waa  made  at  New-Tork,  in  September, 
1827.  The  same  enf^ino  with  12  men,  11 
inch  lever,  throw  more  water  than  2  en- 
ffin^,  worked  by  86  men,  with  24  inch 
fever. 

A  rotative  engine,  with  20  men,  exert- 
ing an  estimated  power  of  85  lbs.  per 
man,  with  7  inch  lever,  has  thrown  from 
an  inch  pipe,  156  ft.  horizontal,  and  109 
ft.  in  height. 

A  rotative  engine,  with  8  men,  exert- 
ing an  estimated  power  of  60  lbs.  jper 
man,  has  thrown  from  a  half-inch  pipe, 
148  ft.  horizontal,  and  108  ft.  in  height. 

The  quantity  of  water  discharged  bv 
the  first  engine  was  525  gallons  for  each 
1  W  revolutions.  By  the  second,  804  i^al- 
Lms,  each  100  revolutions.  By  the  third, 
128  gallons,  each  100  revolutions. 

In  the  first  engine  the  revolving  cylin- 
der was  18  inches  long  and  8  inches  in 
diameter,  and  the  surface  acting  upon 
the  water  was  40  square  inches.  In  the 
second  the  revolving  cylinder  was  12 
inches  long  and  6^  inches  in  diameter, 
and  it  had  a  surface  of  80  square  inches. 
The  third  cylinder  was  9  inches  long,  5 
inches  in  diameter,  and  18  square  incites 
acting  surface. 

It  raised  double  the  quantity  of  water, 
since  in  working  the  old  engines,  to  dis- 
charge the  chamber  or  cylinder  once,  the 
pHton  roust  pass  twice  through  it;  an 
ascending  stroke  to  create  a  vacuum, 
and  a  descending  one  to  force  the  water. 
Half  the  time  is  consequently  lost.  In  the 
rotative,  a  continued  vacuum  is  created, 
and  a  continued  discharged  effected. 

It  works  with  one-half  the  power. 
since  the  air-vessel  is  totally  dispensea 
with  ;  and  the  power  is  applied  directly 
upon  the  water.  It  Ojperates  on  no  more 
than  it  discharges.  ()n  the  other  hand, 
as  a  consequence  of  the  alternating  mo- 
tion of  the  piston  engines  twice  the  sur- 
ftce  is  acted  on,  and  the  friction  of  course 
is  comparativelv  twofold. 

FIRE  ES<:^At*E.  Any  machine  or  ap- 
paratus for  the  purpose* of  enabling  per- 
sona to  escape  from  the  uj)per  stories  of 
bouses  on  fire.  The  contrivances  which 
have  been  proposed  for  accomplishing 
this  desirable  object  are  very  numerous, 
and  are  of  two  kinds  ;  the  first  kind  com- 
prising those  by  menns  of  which  the 
escape  is  eftected  without  external  aid, 
and  the  second  those  requiring  the  as- 
sistance of  persons  without.    Of  the  first 


kind  the  most  obvious  is  a  rope-ladder, 
which  may  be  kept  in  a  sleepmg  apart- 
ment, and  used  upon  occasion  bv  fasten- 
ing one  end  of  it  to  a  window-sill  or  bed- 
post. Mr.  Mascres  contrived  an  apparatus 
which  consists  of  a  long  rope  and  an  as- 
semblage of  cordage  or  oelts,  so  disposed 
OS  to  form  a  seat;  the  person  about  to 
descend  binds  himself  into  the  seat,  and 
then  lowers  himself  to  the  ground  by  al- 
lowing the  rope  which  is  fastened  to  the 
window-sill  to  slide  slowly  through  his 
hands;  and  in  order  that  this  may  be 
done  easily,  the  rope  is  made  to  pass 
through  a  scries  of  holes  in  a  block.  But 
unfortunately  contrivances  of  this  kind 
can  rarely  be  expected  to  be  of  any  use ; 
for  supposing  tnem  at  hand  when  the 
alarm  of  danger  is  given,  few  persons 
can  command  the  coolness  and  attention 
which  are  requisite  for  fixing  and  adjust- 
ing the  apparatus;  and  even  then  it  is 
only  the  strong  and  active  who  could 
safeljr  descend  by  such  means  from  a 
considerable  height. 

With  regard  to  escapes  of  the  second 
kind,  the  object  is  to  enable  persons 
without  to  establish  speedily  a  commu- 
nication with  an  upper  room,  so  as  to 
afford  the  inmates  the  means  of  sofe  de- 
scent ;  or  to  remove  them  if  necessary, 
OS  in  the  ease  of  the  feeble  or  cliildren. 
A  very  portable  sort  of  ladder,  invented 
by  Mr.  Young,  is  described  in  the  Trafis- 
actions  of  theSocUty  of  Arts  for  1 81 8.  It 
consists  of  a  number  of  cross  bars  or 
rounds,  connected  with  ropes,  which 
form  the  sides  of  the  ladder ;  the  end  of 
the  rounds  are  fitted  into  each  other,  so 
as  to  form  a  pole,  which  is  readily  ele- 
vated to  a  window;  and  at  the  extremity 
is  an  iron  frame  terminating  in  hooks 
which  can  be  lodged  in  the  window-sill. 
When  the  hooks  are  properly  fixed,  a 
sudden  jerk  suffices  to  separate  tlio 
rounds,  which  immediately  fall  into  their 
places  when  the  ladder  is  formed  and 
suspended  from  the  fVame.  But  this  ap- 
paratus only  answers  the  same  purpose 
as  a  rope-ladder,  and  is  therefore  liable 
to  the  same  objections.  Mr.  Brady's  fire 
escape,  deseribcd  in  the  34th  vol.  of  thf 
same  Transactions,  consists  of  a  «ir  oi^ 
cradle,  which  is  made  to  slide  on  a  slip  of 
plank  fixed  to  a  pole,  and  is  governcct  by 
a  rope.  Mr.  Ford's  escape  consists  of  a 
spar  of  timber  about  35  or  40  feet  long, 
having  two  projecting  arms  at  the  top 
furnished  with  prongs,  bj-  which  a  firm 
btmring  against  the  wall  ot  a  house  i^  ob- 
tained. A  grooved  pulley  is  mortised 
into  the  spar  near  the  top,  and  another 
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near  the  bottom ;  over  the  pulleys  runa 
an  endless  rope,  to  which  is  attached  at 
one  point  a  main  rope,  and  at  another 
the  semicircular  brace  of  a  larpe  grooved 
roller,  which  traverses  up  and  down  the 
space  between  the  pulleys.  This  brace 
carries  on  the  under  side  of  the  spar  a 
hook,  to  which  a  cradle  is  attached, 
whereby  persons  can  be  easily  lowered 
to  the  ground. 

FIRE,  GREEK.  This  fire,  which  was 
employed  in  the  wars  of  the  Christians 
ana  Saracens  in  the  middle  ajGfcs,  is  said 
to  have  been  invented  during  the  reign 
of  Constantino  Pogonatus  in  the  year 
66S  by  Callinicus,  an  architect  of  Hclio- 
polis.  Naphtha  was  probably  is  princi- 
pal ingredient,  which,  if  skilfully  pro- 
jected and  inflamed,  creates  great*  havoc 
and  dismay,  in  consequence  of  its  ex- 
treme combustibility  and  the  difficulty  of 
quenching  its  flame. 

FIRE-LOCK,  or  FUSIL.  A  musket 
or  small  gun,  which  is  fired  with  a  fiint 
and  stcci;  and  thereby  distinguished 
from  the  old  musket,  or  match-Iocl'j 
which  was  fired  with  a  match.  The  date 
of  the  invention  of  fire-locks  is  uncertain. 

FIRE-WORKS.  Artificial  preparations 
made  of  gunpowder,  sulphur,  and  other 
inflammable  ingredients,  displayed  at 
public  rejoicings  and  on  other  occasions. 
[See  Pybotechny.) 

FISH-HOOKS,  are  constructed  with 
simple  tools,  but  require  great  niaminl 
dexterity  in  the  workmen.  The  iron 
wire  of  Vhich  tlicy  are  made  should  be 
of  the  best  quality,  smooth,  and  sound. 
A  bundle  of  such  "wire  is  cut  in  len<;rt!is, 
either  bv  shears  or  bv  lavinir  it  (]t>\vn 
upon  an  aiiLrnlar  we'ltre  of  hard  strei 
fixed  horizontally  in  a  l)loek  or  anvil,  luul 
striking  olV  tlu:  y^rojier  lengths  hy  tlie 
blows  of  a  haninuT.  In  ta>lii'>niiijr  the 
ftarhs  of  \ho  hooks  the  straight  \>\<-cq  (•!' 
wire  is  laid  down  in  the  t:r<»ov(.'  of  jni 
iron  block  made  on  pur|M)M',  and  is  dex- 
terously struek  by  the  eliisel  in  a  shiiit- 
ing  direction,  across  s(.  nnu-h  <>f  the  wire 
as  may  be  deemed  neeessarv.  A  slmrj)- 
pointed  little  wedirc  is  tlms  forinctl, 
whose  base  ffraduates  into  the  subsiiinee 
of  the  metal. 

The  en«l  of  the  wire  where  the  line  is 
to  be  attaelied  is  ni>w  llatli-ned  or  mivw- 
tai>j)e<l;  the  other  end  is  sluirii-jKfiiit^Ml, 
ana  the  proj»er twisted  curvature  i>  L'iven. 
The  soft  iron  IkhiUs  are  next  ease-luird- 
cned,  to  L'ive  them  the  steely  stillne-s 
and  elasticity,  by  ind>edding  them  in 
animal  charcoal  eontained  in  an  eartl.en 
or  iron  box  ;  (."tv  CASK-llAnntsiNo  ;  •  atler 


which  they  are  brightened  by  hcatinir 
and  agitating  them  with  bran,  and  finally 
tempered  by  exposure  to  a  regulated  tcm- 
penitnre  upon  a  hot  iron  plate.  Hooks 
for  salt-water  fishing  are  frequently 
tinned,  to  prevent  them  wearing  rapidly 
away  in  rust.    (See  Tin  Plate.) 

FIXED  OILS.  There  are  two  Bpeci- 
mens  of  oil  in  vegetables,  agreeing  in  the 
common  properties  of  unctuosity  and  in- 
fiammabitity,  but  essentially  diflferent  in 
many  of  their  chemical  qualities.  The 
one  capable  of  being  volatilized  without 
decomposition,  is  named  t'oUitile  oily  the 
other  is  ^ed  oil. 

The  latter  is  generally  contained  in  the 
seeds  and  fruits  of  vegetables,  and  varies 
in  its  properties,  according  to  the  plants 
from  which  it  is  obtained  by  pressure, 
and  frequently  called  expressed  oils. 
When  the  process  is  aided  by  heat,  the 
action  of  which  is  to  render  the  oil  more 
fiuid,  the  product  is  esteemed  less  pure. 
The  purest  fixed  oils  arc  those  expressed 
from  the  fruit  of  the  olive,  or  the  seeds  of 
the  almond ;  others,  less  pure,  come  from 
the  flax-seed  and  hem^-seed.  These  oils 
are  usually  fluid,  but  ot  a  somewhat  thick 
consistence,  and  liable  to  congeal  at  very 
moderate  colds  ;  palm-oil  is  even,  na- 
turally, concrete.  When  fiuid,  they  are 
transparent,  of  a  yellow  or  yellowish- 
green  color,  and  capable  of  being  render- 
ed (^uite  transparent  V)y  the  use  of  animal 
charcoal.  They  are  inodorous  and  in- 
sipid, at  least  if  they  have  been  obtained 
with  due  care;  and  free  from  the  muci- 
lairinous  and  extractive  matter  of  the 
•hints  from  whence  they  come  ;  are 
.iirhter  than  water,  with  which  thev  do 
not  unite,  and  nrc  very  sparingly  soluble 
in  alcohol,  with  the  exception  of  eastor- 
oil.  At  a  temperature  below  GCHJ"^  Fahr., 
they  remain  unehanged. 

S'ear  this  temperature,  however,  tliey 
be^'^in  to  boil,  and  to  disengage  an  iu- 
llaninial'le  va{»or;  but  the  oil  thus  con- 
densed is  altered  in  its  properties;  it 
l(»es  its  mildness,  becomes  more  limpid 
and  vdlntile,  a  yiortion  of  carVxm  iH'ing 
likewise  deposited.  Transmitted  throujjrh 
an  iL'"nited  tuhe,  fixed  oil  is  convert  id 
into  ear])(»nie  aeitl  and  carbureted  hydrt>- 
ceii,  with  a  small  luirtion  of  aeid  litjuor, 
aiul  a  residuum  of  charcoal.  In  the 
njien  air,  it  burns  with  a  clear  white 
liLflit,  and  forniation  of  water  and  <'ar- 
Ix.nie  aeid  gas.  Aee<»rdingly,  the  fixed 
oils  are  eapahle  of  l-eimr  eni]»hAcd  tor 
the  purporic'S  of  iirtiti<'ial  il]unnmiti<m.  as 
well  in  lam]>s  as  lor  the  manufacture  of 
gab.      Fixed    (»il!»    undergo   considerable 
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change  by  exposure  to  the  air.  The  ran- 
cidity which  then  takes  place  is  occii- 
sioned  by  the  mucilaginous  matters 
which  they  contain  becoming  acid. 

From  the  operation  of  the  same  cause, 
they  gradnolly  lose  their  limpidity,  niia 
some  of  themi  which  are  hence  called 
drying-oils,  become  so  dry,  tliat  they  no 
longer  feel  nnctuous  to  the  touch,  nor 
^vc  a  stiun  to  paper.  This  property,  for 
which  linsced-oil  is  remarkable,  may  be 
communicated  quicklv,  bv  heating  the 
oil  iu  an  open  vessel.  The  drying-oils 
are  emploved  for  making  oil-pumt,  and, 
mixed  with  lamp-black,  constitute  print- 
ers^ ink. 

During  the  process  of  drying,  oxygen 
is  absorbed  in  considerable  quantity. 
This  absorption  of  oxygen  is,  under 
certain  circumstimces,  so  abundant  and 
rapid,  and  accompanied  with  such  a  free 
di$<engagement  of  caloric,  that  light, 
porous,  combustible  materials,  such  as 
famp-blnok,  hemp,  or  cotton-seed  may 
be  Kindled  by  it.  Many  instances  of 
spontaneous  combustion  have  occurred 
from  this  cause.  It  appears  that  if  henin, 
flax,  or  linen  cloth,  steeped  in  liu!*eea- 
oil,  lie  in  a  heap,  and  be  somewhat  press- 
ed together  ana  confined,  its  temperature 
rises,  a  smoke  issues  from  it,  nnd,  nt 
lenisrth,  sometimes  within  24  or  even  12 
hours,  it  takes  fire.  The  same  thing 
happens  with  mixtures  of  oil  nnd  tine 
charcoal,  and  with  Inmp-black  wrapped 
up  in  linen ;  from  whence  it  is  con.icc- 
tured,  thot  many  extensive  fires,  which 
have  broken  out  in  cotton  manufactories, 
and  for  which  no  cause  could  be  assigned, 
must  have  arisen  from  this  spontaneous 
inflammability  of  oils. 

Fixed  oils  unite  with  the  common  me- 
tallic oxides.  Of  these  compounds,  the 
roost  interesting  is  that  witti  the  oxide 
of  leud.  When  linseed-oil  is  heated  with 
a  small  quantity  of  litharjirc,  a  liquid  re- 
sults which  is  powerfully  drvinp,  and  is 
employed  as  oil-vaniish.  Olive-oil,  com- 
bined with  half  its  weight  of  litharge, 
forms  the  common  diac/i//hn  v faster .  The 
fixed  oils  are  readily  attackea  by  alkalies. 
With  ammonia^  they  form  a  soapy  li<)uid, 
to  which  the  name  of  cohtUe  huiment  is 
applied. 

They  are  oxidated  by  a  number  of  the 
acids.  Sulphuric  acid  soon  renders  them 
black  ;  the  oxvgeii  of  the  acid  attracting 
part  of  the  fiydrogcn  of  the  oil,  and 
causing  the  deposition  of  charcoal ;  and, 
if  heat  is  apj)lied,  a  large  jwrtion  of  buI- 
phurous  acid  is  disengaged,  and  even 
aolphor  is  evolved.    Nitric  acids  renders 


them  thick  j  if  heat  is  applied,  the  action 
is  more  rapid,  and  a  yellow  color  is  com- 
muuicatea,  the  oil  being  rendered  con- 
crete. Chlorine  thickens  oil,  and  renders 
it  white.  When  boiled  in  sulphur,  a 
compound  is  formed  of  a  brown  color,  a 
very  fetid  smell,  and  acrid  taste.  It  like- 
wise, when  heated,  dissolves  phosphorus, 
forming  a  liquid  which  becomes  lumi- 
nous, when  exposed  to  the  air.  Olive- 
oil  consists  of  carbon  77*213,  oxygen  9*427, 
and  hydrogen  18*360. 

FLAKE  WHITE,  is  the  name  some- 
times given  to  pure  white-lead. 

FLAME,  is  the  combustion  of  an  ex- 
plosive mixture  of  an  inflammable  gns  or 
vapor  with  air.  That  it  is  not,  as  many 
suppose,  combustion  merely  at  the  ex- 
terior surface,  is  proved  by  plunging  a 
fVagment  of  burning  phosinorus  or  sul- 
phur into  the  centre  of  a  large  flame  of 
alcohol.  Either  of  these  bodies  will  pon- 
tinuc  to  burn  there  with  its  peculiar 
light ;  thus  proving  that  oxygen  is  mixed 
with  the  whole  of  the  burning  vapor.  If 
wc  mix  good  coal  gas  with  as  much  at- 
mospheric air  as  can  convert  oil  its  carbon 
into  carbonic  acid,  the  mixture  will  ex- 
plode with  a  feeble  blue  light ;  but  if  we 
mix  the  same  gas  with  a  small  quantity 
of  air,  it  will  burn  with  a  ricn  white 
flnnie.  In  the  latter  case  the  carbona- 
ceous partii'les  arc  precipitated,  as  Sir  H. 
Davy  first  showed,  in  the  interior  of  the 
flame,  become  incandescent,  and  consti- 
tute white  light :  for  from  the  ignition 
of  solid  matter  alone  can  the  prismatic 
rays  be  emitted  in  that  concentrated 
union.  Towards  the  interior  of  the  flame 
of  a  candle,  a  lamp,  or  a  gas  jet,  where 
the  air  is  scanty,  there  is  a  deposition  of 
solid  charcoal,  which  first  by  its  ignition, 
and  at\erwards  bv  its  combustion,  in- 
creases in  a  high  <:lecrree  the  intensity  of 
the  light.  If  wc  hold  n  piece  of  fine  wire 
gauze  over  a  jet  of  cool  iras  close  to  the 
urifice,  and  if  we  then  kindle  the  gns,  it 
will  burn  above  the  wire  with  its  natural 
brilliancy ;  but  if  wc  elevate  the  gauze 
progrcssivelv  higher,  so  as  to  mix  more 
and  more  air  with  it  before  it  reaches 
the  burning  point,  its  flame  will  become 
fainter  and  less  white.  At  a  certain  dis- 
tance it  becomes  Vilue,  like  that  of  the 
above  explosive  mixture.  Since  the  com- 
bustion of  all  the  constituents  is  in  this 
case  direct  and  complete,  the  lunt  be- 
comes greatest  in  proportion  nearly  as 
the  light  is  diminished.  If  a  few  phitina 
wires  be  held  in  that  dim  flnnic  they  will 
grow  instantly  white  hot,  and  illuTiiinalc 
the  apartment.     On  reversing  the  order 
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of  this  experiment,  by  lowering  progres- 
sively a  flat  piece  of  wire  gauze  from  the 
summit  towords.the  base  of  a  ^as  flame, 
we  shall  find  no  charcoal  deposited  at  its 
top,  because  plenty  of  air  has  been  intro- 
duced there  to  convert  all  the  carbon  of 
the  gas  into  carbonic  acid,  and  therefore 
the  apex  is  blue;  but  as  we  descend, 
more  and  more  charcoal  will  appear  upon 
the  meshes.  At  the  very  bottom,  in- 
deed, where  the  atmospheric  air  impinges 
upon  the  gauze,  the  flame  is  again  bhie, 
and  no  charcoal  can  therefore  be  depo- 
sited. 

The  fact  of  the  increase  of  the  bril- 
liancy and  whiteness  of  flame  by  the  de- 
velopment and  ignition  of  solid  matter 
in  its  bosom  illustrates  many  curious 
phenomena.  We  can  thus  explain  why 
oleflant  gas  affords  the  most  vivid  illumi- 
nation of  all  the  ffases ;  because,  being 
surcharged  with  cliarcoal,  its  hydrogen 
lets  it  go  in  the  middle  of  the  flame,  as 
it  does  in  an  ignited  porcelain  tube, 
whereby  its  solid  particles  first  get  igni- 
ted to  whiteness,  and  then  burn  away. 
When  phosphorus  is  inflamed  it  always 
yields  a  nure  white  light,  from  the  igni- 
tion of  the  solid  particles  of  the  snowy 
acid  thus  produceci. 

In  the  blowpipe  the  inner  blue  flame 
has  the  greatest  heat,  because  there  the 
combustion  of  the  whole  fatty  vapor  is 
complete.  The  feeble  light  of  burning 
hydrogen,  carbonic  oxide,  and  suli>hnr, 
may,  upon  the  principles  now  expound- 
ed, be  increased  by  simply  plucinff  in 
them  a  few  particles  of  oxide  of  zinc, 
slender  filaments  of  amianthus,  or  fine 

f)lutina  wire.  Ry  narrowing  the  top  of  a 
onjf  glass  chimney  over  an  ar^and  fiunie 
either  from  oil  or  coal  gas,  the  light  cnn 
be  doubled  at  the  same  cost  of  matcriul. 
The  very  tall  chimneys  used  by  the  T*a- 
risian  lampists  are  very  wastet'nl.  Tiie 
light  of  a  flame  may  be  increased  by  di- 
minit^hino:  its  heat,  or  the  intensitv  of  its 
combustion  ;  and  conversely  the  Iieat  of 
flame  may  be  increased  by  diminishing 
its  light. 

FLATTINCt.  In  architecture,  a  coat 
of  paint,  which,  from  its  mixture  with 
turpentine,  leaves  the  work  flat,  or  with- 
out crloss. 

FLAX.  An  annual  plant,  the  Untnn 
tuiit^H^slmffm,  grown  extensively,  from 
remote  antitjuily,  over  Enropc.  Asia,  and 
Northern  Africa.  It  is  iH'licve.l  to  be 
indiirenous  to  Persia.  It  rises  hctwoon 
two  and  three  feet  liiirh,  ninl  is  cliioHy 
grown  either  for  the  seeds,  which  lie  in 
capsules  of  ten  cells,  each  cell  containing 


one  seed,  or  for  the  fibre  yielded  by  the 
bark,  of  which  linen  cloth  is  made.  The 
use  of  linen  is  so  ancient  that  there  is  no 
tradition  of  its  introduction.  The  Scan- 
dinavian  and  other  northern  tribes  knew 
its  use,  and  the  mummies  of  Egypt  are 
covered  with  it.  Immense  quantities 
are  still  made  at  the  month  of  the  Nile, 
where  it  forms  almost  the  sole  clothing. 
It  supplies  most  of  Africa  and  Italy  to  a 
great  extent.  From  Egypt  its  use  passed 
into  Greece,  and  thence  into  Italy.  Be- 
sides being  used  as  apparel,  the  rags 
when  worn  out  and  maae  into  a  paste, 
are  converted  into  paper.  The  seeds 
of  the  flax  are  mucilagmous  and  emollient, 
and  an  infusion  constitutes  a  medicinal 
drink.  They  also  yield  an  oil,  well 
known  in  commerce  as  linsefd  oil,  which 
diflers  from  most  expressed  oils,  as  in 
congealing  in  water,  and  not  forming  a 
solid  soap  with  flxcd  alkaline  salts.  The 
oil  has  no  remarkable  taste,  and  is  used 
in  lamps,  and  occasionally  in  cookery, 
and  also  forms  the  base  of  all  the  oily 
varnish  made  in  imitation  of  China  var- 
nish. It  is  much  used  in  coarse  pointing, 
as  where  there  is  not  much  exposure  to 
weather.  Lime  water  and  linseed  oil 
constitutes  one  of  the  best  applications 
to  recent  burns.  The  cakes  which  re- 
main after  the  oil  is  expressed  are  used 
for  fatting  cattle  and  snecp,  for  which 
they  are  very  serviceable  :  tuey  are  occa- 
sionally used  as  manure.  Flax-seed  has 
been  used  instead  of  cereal  grains  in 
years  of  scarcity,  but  it  is  a  heavy  and 
unwholesome  food. 

By  attention  and  careful  cultivation 
goocl  flax  may  be  grown  on  various  soils  : 
the  soil  best  suited  is  a  sound,  drj',  deep 
loam,  with  a  clay  subsoil.  Draining  is 
almost  necessary  for  flax  lands,  for  on 
too  damp  grounds  good  flax  will  not 
grow.  In  Flanders  flax  is  grown  in  the 
year  of  a  seven  course  shift,  or  the  flt\h 
year  of  a  ten  course  shilt.  It  is  hardly 
advisable  to  cultivate  it  more  frequently 
than  once  in  seven  years.  It  is  usually 
firrown  after  a  grain  crop,  as  oats  coming 
alter  f>Kl  lea,  or  a  green  crop ;  or  it  grows 
well  alter  potatoes  coming  after  lea.  The 
prouud  should  be  ]>loughcd  two  or  three 
timeri,  once  in  autumn  and  twice  in 
spriuLr;  it  should  be  harrowed  twice 
early  in  sprinir,  to  bring  the  land  into 
L'ood  tilth,  and  clean  it  thoroughly  from 
wecfls  and  roots.  The  Riga  and  Dutch 
sccmIs  produce  the  finest  flax.  The  seed 
of  this  country,  though  it  gives  an  abun- 
dant crop,  yet  produces  a  coarse  bninohy 
stem,  ami  should  only  be  used  on  deep 
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loaxnj  soils.  Two  bushels,  or  a  little 
over  per  acre,  is  the  fair  quantity  for  sow- 
ing. It  is  better  to  sow  thickly,  for  the 
stemaft  grow  taller  and  straighter,  with 
only  two  seed  capsules  at  top,  and 
the  fibre  la  superior  in  fineness  and 
length.  Grass-seed  and  clover  should 
not  be  sown  with  it,  but  carrots  may  be 
drilled  in  between  the  rows,  if  flax  be  so 
sown.  The  ground  should  be  wed  fre- 
<|nentlv,  and  pulled  carefully.  The  best 
time  for  pulling  is  before  the  seed  is 
quite  ripe :  if  pulled  two  soon  there  is 
waste  in  tne  after  preparation:  if  too 
late^  the  fibre  ia  coarse.  When  tne  seeds 
begin  to  change  from  green  to  pale 
brown,  then  the  flax  should  bo  pulled. 
The  separation  of  the  seed  from  the 
stem  is  called  rwpling.  It  should  be 
done  on  the  field,  and  the  ripple  is  a 
comb  or  row  of  iron  teeth  screwed  into  a 
block  of  wood;    this   is  screwed  on  a 

flank  resting  on  stools.  A  sheet  is 
pread  underneath,  and  by  drawing  the 
flax  across  the  comb,  the  seeds  are  sepa- 
rated, and  fall  upon  the  sheet :  these  are 
afterwards  riddled  and  fanned,  to  sepa- 
rate chaff,  &c.,  and  then  dried.  Hereto- 
fore flax  has  been  prepared  by  cold  steep- 
ing in  river  water,  the  flax  being  fully 
immersed.  Here  the  soft  parts  of  the 
plant  ferment,  and  the  fibre  separates 
away.  The  time  of  steeping  varies  from 
eiffht  to  fourteen  days.  The  plant  is 
then  removed,  and  spread  on  grass  to 
dry.  It  is  now  fit  tor  brcakin«f  and 
akutching.  The  treatment  of  flax  and 
hemp  should  be  carried  on  alike,  the 
fibre  of  both  being  capable  of  being  ob- 
tained in  same  way.  There  can  be  no 
doubt  that  chemicalprocesses,  and  steam 
with  warm  water,  wul  completely  super- 
sede the  cold  water  and  grass  processes. 
Breaking  is  sometimes  performed  by 
beating  the  flax  with  the  hand  and  ham- 
mer, which  bruises  the  wood  and  seoa- 
rates  the  fibres ;  a  rude  machine,  called 
a  hand-brake,  is  sometimes  used  for  this 
purpose.  The  machines  do  this  work 
more  effectually.  They  consist  of  many 
deeply  fluted  rollers  of  wood  or  iron, 
whose  teeth  work  into  each  other,  and 
thus  break  the  wood  across,  while  the 
yielding  fibre  is  not  injured. 

By  the  operation  of  heckling  a  three- 
fold object  is  gained.  1st.  The  parting 
of  the  filaments  into  their  finest  fibrils  ; 
2d.  The  separation  of  short  fibrils,  which 
are  unfit  for  spinning: ;  ^d.  The  equable 
and  parallel  arrangements  of  long  fila- 
ments. The  instrument  for  accomplish- 
ing these  was  a  tool  CAlled  the  hecicle  ;  a 


surface  studded  more  or  less  thlokly  with 
metal  points  called  heckle  teeth:    oveT 
which  the  flax  is  drawn  in  such  a  way 
that  the  above  three  required  operations 
may   be   properly   accomplished.     The 
operation  is  simple,  but  requires  expert- 
nesB  to  work  well.    The  operative  seizes 
a  flock  of  flax  by  the  middle  with  the 
right  hand,  throws  it  on  the  points  of 
the  coarse  heckle,  and  draws  it  to  him, 
while  he  holds  the  left  hand  on  the  other 
side  of  the  heckle,  so  as  to  spread  the 
flax,  and  to  prevent  it  from  sinking  too 
deeply  among  the  teeth.  The  short  fiores, 
or  tow,  are  removed  occasionally.    When 
one  half  the  length  of  the  straKe  of  flax 
is  heckled,   it  is  turned  to  heckle  the 
other  half.    100  lbs.  of  well  cleaned  flax, 
45  or  50  lbs.  of  heckled  fla.x,  may  be  ob- 
tained by  hand  labor  of  50  houra ;  the 
rest  being  tow,  with  a  small  waste  of 
fibre  of  wood.    Machinerj'^  has  not  yet 
been  made  to  effectually  supersede  hand 
labor  in  heckling.    To  aid  the  heckle  in 
splitting   the  filaments,   three  methods 
have  been  had  recourse  to.    1.  Beating, 
brushing,  and  boiling  with  soap  water  or 
an  alkaline  ley.    This  boiling  dissolves 
that   portion    of  the  glutinous  cement 
which  had  resisted  the  rotting,  and  com- 
pletes the  separation  of  the  fibres,  and  is 
an  excellent  plan  of  improving  flax.     Ma- 
chines   driven    by    steam    have    been 
enit)Ioyed    for   the    heckling,    combing, 
and  scutching  of  the  fibres.    Scutching 
is  effected  in  the  heckling  machine  by 
means  of  four  arms  projecting  from  a  ho- 
rizontal axle  arranged  so  as  to  strike  the 
boom  in  a  slanting  direction,  until  the 
bark  and  other  useless  parts  of  the  plant 
are  beaten  awav. 

In  the  spinmn^  of  fiax,  compared  with 
cotton  and  wool,  it  possesses  several  cha- 
racteristic properties.  While  cotton  and 
wool  are  naturally  presented  as  insulated 
fibres,  the  former  requiring  to  be  merely 
separated  from  the  seed,  and  the  latter 
to  be  purified  before  delivery  to  the  spin- 
ner, nax  must  have  its  filaments  sepa- 
rated from  each  other  by  tedious  treatr- 
mcnt.  In  reference  to  tlie  spinning  and 
subsequent  operations,  it  may  be  said 
that  good  flax  should  have  a  bright  silver 
gray,  or  yellow  color,  inclining  neither  to 
green  or  black.  It  should  be  long,  firm, 
sort,  and  glistening,  like  silk,  and  contain 
no  broad,  tape-like  portions  from  undis- 
scvered  filaments.  Tow  is  ditfcrcnt  in 
having  shorter  fibres  of  very  unequal 
length,  and  entangled. 

The  manufacture  of  linen  and  hemp 
yarn,    and  the  tow  of  either,   may  be 
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effect<id  by  different  processes;  by  the 
distaff,  the  hnnd-wheel,  and  spinning  ma- 
chinery. In  the  langaage  of  flax  mills, 
the  flax  ceases  to  be  so  c»llcd  after  it  has 
passed  through  the  heckling  machine. 
The  great  portion  is  then  called  lin€j  and 
the  inferior  tow.  Both  of  these  are  after- 
wards spun  into  yam,  but  the  yam  so 
J)rodncea  has  different  degrees  of  excel- 
cnce.  Other  machines  are  used,  by  wliich 
tow  is  converted  into  slirers,  by  carding 
analogous  to  cotton  and  wool  processes. 

When  the  slivers,  whether  of  Um  or 
toWy  have  been  brought  to  the  desired 
breadth,  thickness,  and  equality,  they 
are  carried  to  the  *  roving  machines,' 
where  they  are  transformed  to  tlie  state 
of  a  soft,  small,  cylindrical  cord.  There 
are  two  combined  movements  whereby 
this  is  effected;  the  sliver  is  drawn  oat 
or  elongated^  and  it  hns  a  slight  twist 
imparted  to  it  as  a  means  of  enabling  it 
to  cohere  and  to  bear  the  subsequent  ac- 
tion of  the  spinning-machines. 

These  spinning-machines  we  have  next 
to  notice.    They  are  on  the  '  bohbin-aiid- 
ily'  principle;  'nmle-spinning' not  hav- 
ing, we  believe,  been  introdiux^d  in  the 
flax  manufacture.     Flax,   unlike  cotton, 
silk,  wool,  or  worsted,  is  spun  wet,  as  a 
means  of  obtaining  a  finer  and  smoother 
yarn  ;  and  within  the  last  few  years  the 
use  of  warm  water,  instead  of  Cold,  lias 
been  introduced  for  this  purpi>so.     Tlio 
same  flax,  prepared  in  the  same  way,  r-aJi  he 
spun  to  a  mu<'h  hiirlier  nniiibor,  or  inui'li 
greater  deirree  of  tinenoss.  with  hot  wa- 
ter than  with  cold;  and  this  is  doubtless 
one  of  the  imiirovements  to  which  the 
recent  prou'ress  of  the  flax  mtiiiiit'aeture 
may   be     attributed.      The   spindles    Ity 
which  the   yarn    is   spun    revolve    some 
thousaJids  of  times  in  a  minute,  and  tlie 
wet    yarn  thus  throws  off  a  eojitinuons 
spray  l)v  the  eentrifuir-il  force  tluTel>y  ge- 
nerated; the  girls  and  young  women  who 
attend  the   nuu'hinos   wear   t]ien't\)re    a 
thick  apr<»n  to  protect  themselves  from 
the  spray.     The  water  is  eontiiincd  in  a 
kind   of  oblonu'  trouLrh  attached  to  each 
machine,  and   stcmn    is    admitted    liv   a 
small  pipe  as   a  means  of  briiiLriuir  the 
water  to  the  required  ternperatniv.  '" 

When  the  ynrn  is  sj)un.  it  is  destined 
either  for  weav in ir  or  for  thread.  It  for 
weaving,  the  yarn  i<  reeled  into  hnnks  on 
a  hexaiTonal  reel,  to  }»e  afterwiird-*  rntvle 
up  into  bundles  of  twenty  hanks  e;ieh, 
containing  sixty  thousand  yards  :  but  if 
the  yarn  is  to  be  made  into  thread,  it  is 
carric«l  to  other  machines,  bv  nu-atis  rtf 
which  two  yarn-threa<ls  arc  "twisted  to- 


gether, and  converted  into  the  hard  and 
Arm  thread  used  in  needlework  and  lace- 
making. 

Here,  then,  the  operations  of  a  flaz- 
mill  terminate.  If  the  flax-vara  is  wov« 
en  into  any  kind  of  linen  or  flaxen  &briO| 
that  is  on  additional  feature.  At  most 
flax-mills  the  operations  cease  when  the 
yarn  and  thread  are  prodnced. 

FLEXIBILITY.  That  property  of 
bodies  in  virtue  of  which,  wnen  a  sufli- 
cient  force  is  applied  to  them,  the^ 
change  their  form,  and  are  bent.  Flexi- 
bilitv  is  opposed  to  stiffness  on  the  one 
hana,  ana  to  brittleness  on  the  other; 
stiff  bodies  being  such  as  resist  bending, 
and  brittle  those  that  cannot  be  bent 
without  a  disruption  of  their  parts. 

FLINT.  Common  flints  are  nearly 
pure  silica.  They  usually  occur  in  irre- 
gular nodules  in  chalk.  Their  origin  ia 
an  unsolved  geological  problem. 

FLINT  GLASS,  or  CRYSTAL.     A 
species  of  glass  which  derives  its  name* 
from  flint,  because  that  substance   was 
formerly  employed  in  its  manufacture. 
It  is  very  extensivelv  used  for  domestic 
purposes ;    but  is  c"hiefly  interesting  to 
the  j)hilosopher  on  account  of  the   pro- 
perty  which   it  possesses  of  causing  a 
greater  dispersion  of  the  rays   of  light 
which  pass  through  a  prism  or  lens  form- 
ed of  it  than  any  other  of  the  vitreous 
compounds.      This  property  renders   it 
;  invaiualile  in  the  manufa<'ture  of  the  ob- 
I  ject    glasses    of   tele>copes    and   miero- 
seopes  ;  for  by  combinini:  a  cf)ncave  lens 
I  of  tlint  irhiss   with   one   or  two   convex 
lenses  of  cmini  (jhms^  which  possesses  a 
much  less  <lispersive  power,  a  compound 
lens  is  formed,  in  wnieh  the    prismatic 
colors  arising  from  a  simple  refnielion  are 
dc^troyed,  an<l  the  lens  rendered  achro- 
matic. Tins  construction  of  object  glasses 
was  tirst  <li«M'overed  by  a  Mr.  llall,  a  coun- 
try Lrenlleman  in  Worcestershire,  about 
ITl'I*  ;  but  the  discovery  was  forgotten, 
and  no  further  notice  taken  of  it  for  ne.ir- 
ly  ;>o  vears,  when  it  was  airain  broutrht  to 
liLrht  by  .John  I>oll(»nd,  ai'icr  a  lonjcr-con- 
tinued    course    of    experiments    under- 
taken for  tiic  ])nrpose  of  ]>erfeetin£:  the 
telocope.     It  is,  however,  verj-  dillieiilt 
to  I'rcpare  flint  glass  flt  t'or  the  purposes 
of  achromatic  teleseo))es.     This  ditticuliy 
ari^i"^  not  from  the  want  of  sutlieient  dis- 
]>crsivc  power  in  the  substance,  but  iVom 
the  want  of  i.uritv  or  homoireneitv ;  the 
^liLflitcst  impurity  or  inequality  of  eom- 
p">iii(»n    in    the   irla^s   trivini;   rise    to  a 
>ti-eal<ed  i-r  iuipertecl  iniairc  by  reason  of 
the  unequal  retraciion  of  the  rays.     The 
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oompositioii  of  pure  flint  ^huBs  long  re- 
mained a  secret  m  the  fanuhr  of  the  Dol- 
londa,  and  it«  mauufacture  rormed  a  very 
profitable  article  of  exportation  ;  for  till 
about  the  beginning  ot  the  present  cen- 
tury, no  flint  gloss  of  good  quality  was 
made  on  the  Continent.  Of  late  years, 
however,  a  great  change  has  taken  place 
in  this  respect,  and  glass  of  the  best 
quality  has  been  manufactured,  both  in 
France  and  Gemiany,  in  much  lar^^er 
masses  than  the  Enj^lish  artists  have  yet 
succeeded  in  obtoinmg.  This  result  bos 
been  nininly  produced  by  the  experimen- 
tal researches  of  D^ Artigues,  Fraunhofcr, 
Catichoix,  Ouinand,  and  Komer.  For- 
merly, an  object-glass  exceeding  five 
inches  in  diameter  could  scarcely  be  pro- 
duced. Fraunhofer succeeded  in  making 
them  of  nine,  and  even  twelve  inches. 
The  object-fflass  of  the  large  parallactic 
telei*cope  belonging  to  Sir  James  South, 
at  Campden  Hill,  was  manufactured  by 
Cauchoix ;  it  exceeds  twelve  inches,  and 
is  throughout  of  the  utmost  purity.  The 
exact  proportion  of  the  ingredients  which 
enter  mto  these  choice  specimens  is  not 
known,  and  probably  their  excellence  de- 
pendis  m  part  on  some  accidental  circum- 
stances in  the  preparation.  Komer  pro- 
duced some  of  his  best  specimens  by 
employing  the  following  ingredients: 
100  parts  of  quartz,  first  treated  with  mu- 
riatic acid ;  80  parts  of  lithorgc,  or  red 
lead;  and  80  parts  of  the  biturtrate  of 
potash.  Flint  glass  for  common  pur- 
poses is  usually  made  of  120  parts  of  fine 
white  sand,  40  parts  of  well  purified 
pearl  ash,  85  parts  litharge  or  minium, 
18  parts  nitre,  and  a  small  quantity  of 
the  olack  oxide  of  manganese  ;  the  latter 
injrredient  beinj?  used  to  correct  the  jrrccn 
color  occasioned  by  the  presence  of  oxide 
of  iron  in  the  sand. 

FLINT-G  KIN  DING  is  a  mechanical 
process  indispensable  in  the  manufacture 
of  earthenware  and  porcelain.  Tlie  ttint 
nodules,  derived  from  the  chalk  forma- 
tions, arc  calcined  in  small  kilns  (formed 
similurly  to  lime-kilns).  While  hot  they 
are  thrown  beneath  the  stamp* rn^  a  set  of 
vertical  beams,  whose  ends  are  bIkkI  with 
iron,  and  wliicli  are  lil\ed  up  by  the  crank 
or  shaft,  and  fall  on  the  nodules,  the 
fractured  portions  falling  through  a  grate. 

These  ore  thrown  into  a  circular  vat, 
10  to  15  feet  in  diameter,  the  bottom  pav- 
ed with  blocks  of  chert-stone,  the  horn- 
stone  of  Jameson.  In  a  step  in  the  cen- 
tre is  placed  the  axis  of  a  verlieal  strontr 
wooden  shaft,  on  the  upper  end  of  whuh 
is  a  crown  spur-wheel,  lor  the  requisite 


motion  from  a  steam-engine  or  water- 
wheel.  At  ri^ht  angles  this  shaft  has 
an  arm,  each  with  a  ledge,  to  bear  other 
blocks  of  chert.  The  wnole  being  put  in 
motion,  the  abrasure  of  the  calcined  flints 
is  promoted  by  that  of  the  chert  among 
the  water,  and* is  continued  until  the  mass 
is  a  pulpy  fluid,  and  a  pint  measure  of  it 
weijflis  not  less  than  82  oz.  The  Cor- 
nish stone  is  ground  in  a  similar  manner, 
and  the  pulpy  fluid  is  not  less  than  33  oz. 
the  pint  measure.  One  ton  of  good  nod- 
ules should  grind  into  120  pecks  of  flint 
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l^lints  are  also  reduced  to  flne  powder, 
by  heating  them  red  hot  and  quenching 
them  in  water. 

FLOAT  BOARDS.  The  boards  flxed 
to  the  rim  or  outer  circumference  of  un- 
dershot^whecls,  which  receive  the  im- 
pulse of  the  water  and  communicate  the 
motion  to  the  wheel. 

FLOATED  LATH  AND  PLASTER. 
In  architecture  plastering  of  three  coats, 
whereof  the  first  is  pricking  up;  the 
second,  fioating  or  floated  work  ;  and  the 
last  of  fine  $tuff. 

FLOATED  WORK.  In  architecture, 
plastering  made  of  a  perfectly  plane  sur- 
face, by  means  of  a  tool  (which  is  a  long 
rule  with  a  straight  edge)  called  a  float. 

FLOATING  MEADOWS.  Meadow 
lands,  the  surface  of  which  is  flat,  od- 
joining  a  river  or  other  source  of  water, 
with  which  they  cnn  be  flooded  or  cover- 
ed at  pleasure.  The  water  is  turned  on 
chiefly  in  the  winter  season,  when  it  is 
more  or  less  muddy,  and  leaves  a  deposit 
that  serves  as  a  kind  of  manure.  It  is 
also  useful  to  vegetation,  by  preserving  a 
hiirher  temocrature  in  the  surface  soil 
than  it  could  maintain  through  the  win- 
ter, if  fully  exposed  to  the  action  of  the 
atmosphere;  because,  wherever  water  is 
in  a  fluid  state,  its  mean  temperature,  and 
that  of  the  bodies  inunediately  in  contact 
with  it,  must  be  above  82°,  and  at  that 
temperature  the  trrasses  common  in  Bri- 
tish meadows  will  grow.  There  arc  ])ro- 
bablv  other  benefits  which  grass  hiuds 
receive  frf»in  bciiijr  covered  with  water 
during  a  jtortion  of  the  winter  season, 
but  these  nave  not  yet  been  satisfactorily 
explained  bv  science. 

FLOATING  SCREEDS.  In  arehitec- 
ture,  strijis  ot'])lasterarranj;e(l  an<l  nicely 
adjusted    for   LMjidiu^   the   jlvatimj-ruU. 

Ste  Fl.OATKIl  WoilK. 

FL(  )ATST(  >N  K.  A  pomus  variety  of 
flint,  which  floats  ui-nii  water. 

FLOSS-SIKK  is  the  name  triven  to  the 
j)orlions  of  ravelled  t-ilk  br<»ken  otif  in  the 
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flUtare  of  the  oocoons,  which^  is  carded 
like  cotton  or  wool,  and  spnn  into  a  soft 
ooar»e  yarn  or  thread,  for  making  bands, 
shawls,  socks,  and  other  common  silk  fa- 
brics. The  floss  or  flenrot,  as  first  ob- 
tained, must  be  steeped  in  water,  and 
then  subjected  to  pressure,  in  order  to 
extract  the  ^nmmy  matter,  which  renders 
it  too  harsh  and  short  for  the  spinnin^r- 
whcol.  After  beinj?  dried,  it  is  made  still 
more  pliant  bv  working  a  little  oil  into  it 
with  tne  han<)s.  It  is  now  ready  to  be 
submitted  to  the  cardinsr  engine.  It  is 
spnn  upon  the  flax  wheel. 

FLOUR  OF  WHEAT  (Adultera- 
TioNs  or,  TO  nKTECTl.  The  flrst  method 
is  by  >*piH'iflc  emvity.  If  potato  flour  be 
added,  which  is  tVcouently  done  in  France, 
since  a  vessel  whioh  contains  one  pound 
of  wheat  flour  will  contain  one  poitond  and 
a  half  of  the  fecula,  the  proportion  of 
tills  miultenitiou  may  b<»  easily  estimated. 
if  uryrwum  or  ground  Iv^nes  1h^  mixed 
with  the  flour,  they  will  not  only  increase 
its  density  still  more,  but  they  will  re- 
niJiin  attcr  burniuir  away  the  meal. 

The  sev>M\vl  method  i;*  by  iii^et»rtuinina: 
tlie  nu:mtity  of  irhiten  which  the  sui^iH'cl- 
e*l  •*nii^ple  will  ntVorvl,  bv  tlie  prvKH*:is  pre-  | 
s^'Hlvd  ui\dertho  article  Huk.m*.    The  two  ' 
foMowin^r  ehetuiv^   criteria  may  also  be 
emplv-»\ed, 

I'^t.  Nirrte  avMvl  hsis  the  prt'»porty  of 
e^^lorii\jr  whcHt  flv>nr  of  h  flno  oninjc'vel- 
lv»w,  whervMs  it  arVivls  the  iV.or  neither 
of  tVvu\*  M  >r  -itAfv  h. 

^M.  I*  :•>«  »v.'.;'i.;tic  aoM  c^!>rs  C'vd 
w'vvit  t*.  »•;»•  >t\-*  vuv»  \i  ^ct.  l»'i:  dis-io'.xes 
''\v  ''  »  v»-  '^t.i'x'h.  ,i'vl  !>r:M<  u  irh  i:  a  !ii:!;t, 
^y"^;  c^*,  N  '*v>^v.'4  ♦*v.,l,  lio.^^'nposa^'.c  bv 
.1  V*  -*.  It  •ix.iA  ..i',.,^  »v  »»S<cr\isi,  that  :Cs 
tV.;f  I  .^Ss  r\s  \'^*  water  t'.iau  tiv^ar.  this 
s'V-'  U  a  -vulx  moaa<  v^Wotcction. 

r  U'  aJ.'/tc-^-Oi  »M  %Yit!i  Ivv.'x  or  Tv,i  fl.nir 
tn»\  Nv  slv'tovTvsl  ^\  ^s^'.irii'.c  lv»-aii»r  water 
m-n    -.    ^^^.o^   vUncVvvs  the    i^cuiiar 

Kl  vn\  KKs      VKnrutvi   .     The  art  of 

v^^*  .  \o.;v..**«  o  ".»:  ;-v>    n   hor  o'-.^a''.'..'i;Ml 

t''e   *i     •*      .'  »< 
K»  *'a\ 


*  ot 
V  u"  ImI  .i';<  a*,  war 


*"     *'  V  -^  *^        K  ^>  »•>>  '^   -o,i    u  ,'.\  *\  "x  •;» 


«    t  , 


»  *;y  X  iiv»^e  V*:'  .\vs.;v;'v  • 


a  Tariutv  of  flower-like  flgurea.  Bat  a 
^reat  di&culty  was  encountered  in  dye- 
ing them  witti  due  vivacity.  The  savages 
of  South  America  manufacture  perioct 
feather  flowers,  derived  from  the  bril- 
liant plumage  of  their  birds,  which  close- 
K'  resemble  the  products  of  vesretation. 
The  blossoms  ana  leaves  are  admirable, 
while  the  colors  never  fade.  The  Italians 
employ  frequently  the  cocoons  of  the  silk- 
worm for  this  purpose :  the.se  take  a 
brilliant  dye,  preserve  their  color,  and 
possess  a  transparent  velvety  appearance, 
suitable  for  petals.  Of  late  years,  the 
French  have  adopted  the  finest  cambric 
for  making  petals,  and  the  taffeta  of  Flo- 
rence for  the  leaves. 

Tissue  paper,  twisted  on  wire,  consti- 
tute the  stem  and  branches.  The  lea\  is 
are  made  from  muslin,  cambric,  velvet, 
and  gold  and  silver  lama  muslin,  which 
arc  sbimped  out  with  a  die,  having  tlie 
fonn  ana  outline  of  the  leaf.  The  flowera 
are  made  from  velvets  and  muslin  stamp- 
ed out  as  the  leaves,  and  tinted  with 
transparent  colors  ;  occasionallv  the  fine 
variations  on  the  surface  are  painted  with 
pencil  and  paint. 

Tlie  greater  amount  of  artificial  flowera, 
and  the  richer  kinds,  ore  imported  from 
France.  The  manufacture  ol  the  com- 
mon kinds  in  this  country  is,  however, 
very  extensive. 

M.  de  Bemardiere  employs  whalebone 
in  venk'  thin  leaves  for  artificial  flowers  ; 
and  by  hleachineand  dyeimr  them  of  vari- 
ous i»lors,  he  has  suei.*eeded  in  makint^ 
his  imitations  of  nature  to  be  very  re- 
markable. 

Tl;e  oloring  matters  used  in  flower 
dycinvT  are  the  following  : 

Fi»r  rcil  :  carmine  <iissolvcd  in  a  solu- 
tion of  salt  of  tartiu",  or  in  water  of  am- 
monia. 

For  blue  :  indiir«>  dissolved  in  sulphuriv 
acul.  diluted  and  ncutrnlizod  in  part  by 
Spai'.ijih  wliiteninsj  or  chalk. 

For  briirht  yellow :  a  solution  of  tur- 
v.u'ric  in  >i>irit  of  wine.  Cream  of  tartui 
br-^V.tcns  all  these  ci»lors. 

F.T  vi..U«t  :  arcliil,  and  a  blue  bath. 

Fv»r  l:!.ich  :   archil. 

S  vn«.  ^H  t.i!<  arc  made  of  velvet,  and  are 
v^^Iond  inonly  by  the  application  of  the 
ti'.^v-r  .v.inv.l  in  the  ilye. 

KI.I'aTKS.  more  properly  ftmfrulrjt, 
v'-v.'.r  'U'.ids  of  iluorine  and  tlie  metais,  as 
t'..  r  '.;  ar.  f  >r  cx.unple,  which consi^t8  of 
t'. .;  ^-  '.V    .'.r.  I  v'alciain. 

til  K  K  ;s  al->  applied  in  navijjation  to 
tiu  ^-  ^.l  V  vait  of  the  anchor,  which  takes 
*••  •  a  x^i'ti.o  jrrvund. 
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FLTJOBORIC  ACID.  A  gm  obtained 
by  heating  to  redness  a  mixtare  of  dry 
boTBdc  acid  and  powdered  flaor  spar. 
Its  speciflo  gravity  18  2*86.  It  is  color- 
less, pungent,  and  produces  a  dense 
white  cloud  wnen  it  escapes  into  a  moist 
atmosphere ;  it  is  resolved  bv  the  action 
of  water  into  boracio  and  nydrofluoiic 
acids.  It  acta  with  great  energy  upon 
animal  and  vegetable  substances,  and 
chars  them.  It  is  probable  a  compound 
of  SO  parts  of  boron  and  103  of  fluorine, 
or  of  one  atom  of  boron  and  6  atoms  of 
fluorine. 

FLUORIC  ACID.  See  HrDRorLroRio 
Aero. 

FLUORINE.  The  hypothetical  base 
of  the  hydrofluoric  acid ;  it  has  not  yet 
been  obtuned  in  a  separate  state. 

FLUOR  SPAR.  This  is  a  common 
mineral  product,  found  in  great  beauty 
in  Derbyshire;  hence  known  in  tliis 
country  under  the  name  of  the  Derhj- 
mkire  apar.  It  is  generallv  crystallized  m 
cubes,  but  its  primitive  A>rm  is  an  octa- 
hedron. It  is  of  various  colors,  and  often 
beautifully  banded,  especially  when  in 
nodules,  which  ore  mucn  piized  for  the 
manufacture  of  vases,  and  occasionally 
used  for  beads,  brooch  stones,  and  other 
ornamental  purposes.  It  is  probably  a 
compound  or  fluorine  and  calcmm,  hence 
tkfiuori(U  of  caleium.  The  term  j^M<?r  is 
derived  from  the  fusibility  of  this  sub- 
stance, on  which  account  it  is  sometimes 
used  as  a  flux  to  promote  the  fusion  of 
certain  refractory  minerals.  It  is  manu- 
factured at  Matlock  and  Derby  into  a  great 
variety  of  artides.  It  abounds  in  N.  Jersey. 

FLUOSILICIC  ACID.  A  gas  obtain- 
ed by  applying  a  gentle  heat  to  a  mix- 
ture of  one  part  of  powdered  fluor  spar. 
one  of  silica,  and  two  of  sulphuric  acid 
in  a  retort.  It  is  colorless,  pungent, 
fumes  when  it  escapes  into  a  luimid  air, 
and  is  rapidly  absorbed  by  water.  Its 
specific  gravity  is  about  8*6 ;  100  cubic 
inches  weighing  nearly  112  grains.  It  is 
decomposed  by  water,  and  forms  silica 
and  hydrofluric  acid.     It  consists  of  8 

garts   oy  weight  of  silicium,  and  18  of 
uoride,  its  equivalent  (upon  the  hydro- 
gen scale)  being  26. 

FLUIDITY  18  that  state  of  a  substance 
in  which  its  constituent  particles  are  so 
slightly  cohesive  that  they  yield  to  the 
sniallest  impressions.  The  term  is  usual- 
ly couflned  to  express  the  condition  of 
the  nonelastic  fluids ;  and  hence  it  de- 
notes one  of  the  three  states  in  which 
matter  exists;  namely,  the  solid,  the 
fluid  or  liquid,  and  the  gaseous.    The 


state  of  fluidity  ia  best  defined  as  that  in 
which  bodies  tend  to  form  drope.  as  this 
disposition  does  not  belong  either  to 
bodies  in  a  gaseous  form,  or  to  solid 
bodies  reduced  to  fine  powder.  The  for- 
mation of  drops  arises  nrom  this,  that  the 
molecules  of  nuid  bodies  adhere  to  each 
other  with  a  certain  force,  at  the  same 
time  that  they  fflide  over  one  another 
without  any  sensible  resistance.  It  is  in- 
correct to  say  that  the  molecules  of  bodies 
in  a  state  of  fluidity  offer  no  resistance  to 
separation ;  for,  on  bringing  a  flat  disc  of 
glass  or  metal  into  contact  with  the  sur- 
loce  of  a  liquid,  a  very  sensible  degree  of 
force  is  required  to  separate  them.  That 
adhesion  exists  among  the  molecules  of 
fluid  bodies  is  also  proved  by  various 
other  phenomena.  Water  or  mercury 
on  a  flat  plate  of  metal  collects  in  glo- 
bules, and  when  slowly  poured  into  a 
wine  glass  will  remain  heaped  up,  aa  it 
were,  above  the  level  of  the  edge. 

Various  hypotheses  have  been  framed 
by  philosophers  to  explain  the  different 
states  in  wiiich  matter  is  found  to  exist. 
Confining  ourselves  to  the  most  general 
views,  we  may  regard  all  bodies  as  assem- 
blages of  particles  constantly  maintained 
in  equilibrium  between  two  forces,  an 
attractive  force  which  tends  to  unite  the 
particles,  and  a  repulsive  force  which 
tends  to  increase  the  distance  between 
them.  The  solid  state  results  from  the 
preponderance  of  the  attractive  force. 
Conceive  the  repulsive  force  to  receive 
an  augmentation  until  it  becomes  equal 
to,  or  forms  an  equilibrium  with,  the  atr- 
tractive  force.  When  the  two  forces  are 
thus  balanced,  the  particles  exert  on  each 
other  neither  attraction  nor  repulsion, 
and  the  body  is  in  the  fluid  state.  Last- 
ly, if  the  repulsive  energy  be  still  increas- 
ed, the  particles  will  be  separated  from 
eoch  other  to  such  distances  that  their 
mutual  attractions  will  oeose  altogether 
to  be  sensible,  and  then  the  body  passes 
Into  the  gaseous  state.  Hence  we  may 
pronounce  that  there  is  no  natural  state 
of  body ;  and  that  fluidity,  solidity,  the 
state  of  vapor,  and  the  aeriform  state  are 
only  accidental,  and  determined  by  the 
temperature  of  the  medium  in  which  the 
body  is  placed. 

FLUX.  a  substance  which  is  mixed 
with  metallic  ores,  or  other  bodies,  to 
promote  their  fusion,  just  ix&  an  alkali  is 
mixed  with  silica  to  form  a  glass.  From 
the  property  which  the  borates  possess 
of  fusing  metalio  oxides,  they  are^  used 
by  braziers,  tinmen,  &c.  It  is  this  salt 
which  is  chiefly  used  in  the  fusion  of 
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flUitare  of  the  cocoons,  which  is  carded 
like  cotton  or  wool,  and  span  into  a  soft 
coarse  yarn  or  thread,  for  making  bands, 
shawls,  socks,  and  other  common  silk  fa^- 
brics.  The  floss  or  flenret,  as  flrst  ob- 
tiuned,  mast  be  steeped  in  water,  and 
then  sabjected  to  pressure,  in  order  to 
extract  the  gnmray  matter,  which  renders 
it  too  harsh  and  short  for  the  spinning- 
wheel.  After  bein?  dried,  it  is  made  still 
more  pliant  by  working  a  little  oil  into  it 
with  the  honcis.  It  is  now  ready  to  be 
submitted  to  the  cardin?  engine.  It  is 
spun  upon  the  flax  wheel. 

FLOUR  OF  WHEAT  (Adcltera- 
TioNs  OF,  TO  detect).  The  flrst  method 
is  by  specific  gravity.  If  potato  flour  be 
added,  which  is  freo  uently  done  in  France, 
since  a  vessel  whicn  contains  one  pound 
of  wheat  flour  will  contain  one  pdfend  and 
a  half  of  the  fecula,  the  proportion  of 
this  adulteration  may  be  easily  estimated. 
if  gypsum  or  ground  bones  be  mixed 
with  the  flour,  they  will  not  only  increase 
its  density  still  more,  but  they  will  re- 
main after  burning  away  the  meal. 

The  second  metiiod  is  by  ascertaining 
the  quantity  of  gluten  which  the  suspect- 
ed sample  will  attbrd,  by  the  process  pre- 
scribed under  the  article  Bread.  The  two 
following  chemical  criteria  may  also  be 
employed. 

1st.  Nitric  acid  has  the  property  of 
coloring  wheat  flour  of  a  flne  orange  yel- 
low, whereas  it  affects  the  color  neither 
of  fecula  nor  starch. 

2d.  Pure  tnuriatic  noid  colors  good 
wheat  flour  of  a  deep  violet,  but  dissolves 
fecula  or  fttarch,  and  f«^rms*  with  it  a  liorlit, 
colorless,  viscous  fluid,  dceoinposahle  by 
alkalis.  It  mav  also  be  observed,  that  as 
fecula  absorbs  loss  water  than  flcvur,  this 
affords  a  ready  means  of  detection. 

The  adulteration  with  bean  or  pea  flour 
may  be  detected  bv  pouring  boilintr  water 
upon  it,  which  developcs  the  peculiar 
smell  of  these  two  substances. 

FLOWERS   (.Artiftcial).     The  art  of 
reprcsentinsr  by  flowers,    leaves,   plants, 
Ac,  ve<rctable  nature  in  her  ornauicntal 
productions,  constitntos  the  business  of 
the  artiflcial  florist.     The  Italians  ai>i>ear 
to  have  been  the  first  people  in  Kurope 
who  excelled  in  the  art  of  niakiiiir  artifi- 
cial flowers  ;  Vtut  of  late  years  the  French 
have  been  most  inirenious  in  tliis  branch  ' 
of  industry.     Ribbons  folded  in  ditfi-retit 
cfilors  were  oriirinaiiv  emnloveil  for  itni-  i 
tating  flowers,  by  heitiij  attached  to  wire 
stems.     This  imitation  soon  trave  way  to 
that  of  feathers,  which  arc  more  delicate 
in  texture.  an<l  more  capable  of  assuming 


B  varieW  of  flower-like  llgares.  Bat  a 
^reat  dimculty  was  enoonntercd  in  dye- 
ing them  with  due  vivacity.  The  savages 
of  South  America  manufacture  pertect 
feather  flowers,  derived  from  the  bril- 
liant plumage  of  their  birds,  which  close- 
\y  resemble  the  products  of  vegetation. 
The  blossoms  ana  leaves  are  admirable, 
while  the  colors  never  fade.  The  Italians 
employ  frequently  the  cocoons  of  the  silk- 
worm for  this  purpose ;  the.se  take  a 
brilliant  dye,  preserve  their  color,  and 
possess  a  transparent  velvety  appearance, 
suitable  for  petals.  Of  late  years,  the 
French  have  adopted  the  finest  cambric 
for  making  petals,  and  the  taffeta  of  Flo- 
rence for  the  leaves. 

Tissue  paper,  twisted  on  wire,  consti- 
tute the  stem  and  branches.  The  lea\  m 
are  made  from  muslin,  cambric,  velvet, 
and  gold  and  silver  lama  muslin^  which 
are  stamped  out  with  a  die,  havmg  the 
form  and  outline  of  the  leaf.  The  flowers 
are  made  from  velvets  and  muslin  stamp- 
ed out  as  the  leaves,  and  tinted  with 
transparent  colors  ;  occasionally  the  fine 
variations  on  the  surface  are  pamted  with 
pencil  and  paint. 

The  greater  amount  of  artificial  flowers, 
and  the  richer  kind.s  are  imported  from 
France.  The  manuracture  of  the  com- 
mon kinds  in  this  country  is,  however, 
very  extensive. 

M.  de  Bernardiero  emplovs  whalebone 
in  very  thin  leaves  for  artihcial  flowers  ; 
and  by  bleaching  and  dyeing  them  of  vari- 
ous colors,  he  has  succeeded  in  making 
his  imitations  of  nature  to  be  very  re- 
markable. 

The  coloring  matters  used  in  flower 
dyeing  are  the  following : 

For  red  :  carmine  dissolved  in  a  solu- 
tion of  salt  of  tartar,  or  in  water  of  am- 
monia. 

For  blue :  indigo  dissolved  in  sulphuric 
acid,  diluted  and  neutralized  in  part  by 
Spanish  whitening  or  chalk. 

For  bright  yellow :  a  solution  of  tur- 
meric in  spirit  of  wine.  Cream  of  tartai 
briirhtens  all  these  colors. 

For  violet :  archil,  and  a  blue  bath. 

For  lilach  :  arcliil. 

Some  petals  are  made  of  velvet,  and  are 
colored  merely  by  the  application  of  the 
lintriir  dim>cd  in  the  dye. 

FLUAIES,  more  proj^erly  iiuor'ul^*^ 
cotnpomuls  (»f  fluorine  and  the  rnet:us,  sis 
tlnor  spar,  for  example,  which  eousi>ts  of 
fluorine  ami  calcium. 

FLUKE  is  also  applied  in  navitration  to 
the  broad  j)ait  of  the  anchor,  which  takes 
ln»Kl  of  the  ground. 
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PLUOBORIC  ACID.  A  gas  obtained 
by  heating[  to  redness  a  mixture  of  dry 
boracic  acid  and  powdered  fluor  spar. 
Its  specific  gravity  is  2*36.  It  is  oolor- 
less,  pungent,  and  produces  a  dense 
white  cloud  wnen  it  escapes  into  a  moist 
atmosphere ;  it  is  resolved  bv  the  action 
of  water  into  boracic  and  liydrofluoric 
adds.  It  acts  with  great  energy  upon 
animal  and  vegetable  substances,  and 
chars  them.  It  is  probable  a  compound 
ot  20  parts  of  boron  and  108  of  fluorine, 
or  of  one  atom  of  boron  and  6  atoms  of 
fluorine. 

FLUORIC  ACID.  See  Hydrofluoric 
Acn>. 

FLUOBINE.  The  hypotheUcal  base 
of  the  hydrofluoric  acid ;  it  has  not  yet 
been  obtained  in  a  separate  state. 

FLUOR  SPAR.  This  is  a  common 
mineral  product,  found  in  great  beauty 
in  Derbyshire;  hence  known  in  this 
country  under  the  name  of  the  Derhy- 
fhire  apar.  It  is  generallv  crystallized  in 
cubes,  but  its  primitive  form  is  an  octa- 
hedron. It  is  of  various  colors,  and  often 
beautifully  banded,  especially  when  in 
nodules,  which  are  mucn  piized  for  the 
manufkcture  of  vases,  and  occasionally 
used  for  beads,  brooch  stones,  and  other 
ornamental  purposes.  It  is  probably  a 
compound  or  fluorine  and  calcium,  hence 
Wkjluorideqfealcium.  The  term  ^M<7r  is 
derived  from  the  fusibility  of  this  sub- 
stance, on  which  account  it  is  sometimes 
used  as  a  flux  to  promote  the  fusion  of 
certain  refractory  minerals.  It  is  manu- 
factured at  Matlock  and  Derb^  into  a  great 
variety  of  articles.  It  abounds  m  N.  Jersey. 

FLUOSILICIC  ACID.  A  gas  obtain- 
ed by  applying  a  gentle  heat  to  a  mix- 
ture of  one  part  of  powdered  fluor  spur. 
one  of  silica,  and  two  of  sulphuric  acia 
in  a  retort.  It  is  colorless,  pungent, 
fhmes  when  it  escapes  into  a  liumid  air, 
and  is  rapidlj  absorbed  by  water.  Its 
specific  gravity  is  about  8"6 ;  100  cubic 
inches  weighing  nearly  112  gnuns.  It  is 
decomposed  by  water,  and  forms  silica 
and  hydroflurio  acid.  It  consists  of  8 
parts  by  weight  of  silicium,  and  18  of 
fluoride,  its  equivalent  (upon  the  hydro- 
gen scale)  being  26. 

FLUIDITY  18  that  state  of  a  substance 
in  which  its  constituent  particles  are  so 
slightly  cohesive  that  they  yield  to  the 
anuJIest  impressions.  The  term  is  usual- 
ly oouflned  to  express  the  coiulition  of 
the  nonelostic  fluids ;  and  hence  it  de- 
notes one  of  the  three  states  in  which 
matter  exists:  namely,  the  solid,  the 
flaid  or  liquid,  and  the  gaseous.    The 


state  of  fltudity  is  beet  defined  as  that  in 
which  bodies  tend  to  form  dropej  as  thi* 
disposition  does  not  belong  either  to 
bodies  in  a  gaseous  form,  or  to  solid 
bodies  reduced  to  fine  powder.  The  for- 
mation of  drops  arises  IVom  this,  that  the 
molecules  of  fluid  bodies  adhere  to  each 
other  with  a  certain  force,  at  the  same 
time  that  they  glide  over  one  another 
without  any  sensiole  resistance.  It  is  in- 
correct to  say  that  the  molecules  of  bodies 
in  a  state  of  fluidity  offer  no  resistance  to 
separation ;  for,  on  bringing  a  flat  disc  of 
glass  or  metal  into  contact  with  the  sur- 
face of  a  liquid,  a  very  sensible  degree  of 
force  is  required  to  separate  them.  That 
adhesion  exists  among  the  molecules  of 
fluid  bodies  is  also  proved  by  various 
other  phenomena.  Water  or  mercury 
on  a  flat  plate  of  metal  collects  in  glo- 
bules, and  when  slowly  poured  into  a 
w^ine  glass  will  remain  heaped  up,  aa  it 
were,  above  the  level  of  the  edge. 

Various  hypotheses  have  been  framed 
by  philosophers  to  explain  the  different 
states  in  wliich  matter  is  found  to  exist. 
Confining  ourselves  to  the  most  general 
views,  we  may  regard  all  bodies  as  assem- 
blages of  particles  constantly  maintained 
in  equilibrium  between  two  forces,  an 
attractive  force  which  tends  to  unite  the 
particles,  and  a  repulsive  force  which 
tends  to  increase  the  distance  between 
tliera.  The  solid  state  results  from  the 
prcpondenuice  of  the  attractive  force. 
Conceive  the  repulsive  force  to  receive 
an  augmentation  until  it  becomes  equal 
to,  or  forms  an  equilibrium  with,  the  at- 
tractive force.  When  the  two  forces  are 
thus  balanced,  the  particles  exert  on  each 
other  neither  attraction  nor  repulsion, 
and  the  body  is  in  the  fluid  state.  Last- 
ly, if  the  repulsive  energy  be  still  increas- 
ed, the  particles  will  be  separated  from 
each  other  to  such  distances  that  their 
mutual  ottractions  will  cease  altogether 
to  be  sensiV^lc,  and  then  the  body  passes 
Into  the  gaseous  state.  Hence  we  may 
pronounce  that  there  is  no  natural  state 
of  body ;  and  that  fluidity,  solidity,  the 
state  of  vapor,  and  the  aeriform  state  are 
only  acciaental,  and  detenniiied  by  the 
temperature  of  the  medium  in  whicn  the 
bo<lv  is  phiced. 

FLUX.  A  substance  which  is  mixed 
with  metallic  ores,  or  other  bodies,  to 
promote  their  fusion,  just  as  an  alkali  is 
mixed  witli  silica  to  fonn  a  ghiMs.  From 
the  property  which  the  borutcs  possess 
of  fusing  metalic  oxides,  they  are  used 
by  braziers,  tinmen,  <fec.  It  is  this  salt 
which  is  chiefly  used  in  the  fusion  of 
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minerals  before  the  blow-pipe.  Whit^ 
fiux  is  made  by  mixing  2  parts  of  nitre 
and  1  of  cream  tartar^  ana  deflagratinjr 
them  in  a  crudblo ;  it  is  carbonate  of 
potash.  Black  fiux  is  obtained  when 
equal  parts  of  the  same  ingredients  are 
used:  oeside  the  carbonate  of  potash,  it 
contains  charcoal :  this  last  aids  in  the 
reduction  of  metallic  oxides.  Limestone, 
fluor  spar,  borax,  and  several  earths  ana 
metallic  oxides  are  used  as  fluxes  in 
metjUinrgy. 

FLY.  '  In  mechanics,  an  appendage 
given  to  machines  for  the  purpose  of  re- 
gulating and  equalizing  the  motion,  as  in 
the  windlass,  jack,  pile-engine^  &c. ;  and 
sometimes  for  collecting  force  in  order  to 
produce  a  very  great  instantaneous  im- 
pression, as  in* the  coining  press.  Gcne- 
rallv  it  is  formed  of  a  heavy  disc  or  hoop 
at  right  angles  to  the  axis  ;  soTuetimea  of 
heavy  knobs  at  the  extremities  of  a  bar 
having  the  same  position.  The  fly  is  of 
great  use  in  all  cases  where  the  power,  or 
the  resistance,  acts  unequally  in  the  dif- 
ferent parts  of  a  revolution. 

FLYING  BlTTTRF>iS.  In  Gothic  ar- 
chitecture, a  buttress  in  the  form  of  an 
arch,  springing  from  a  solid  mass  of  ma- 
sonry, and  abutting  aininst  the  sprincf- 
ing  of  another  arch  which  rises  from  the 
upper  points  of  abutment  of  the  fln^t. 
It  IS  seen  in  most  ancient  ciithcrlnil«,  and 
its  office  is  to  act  ns  a  connterpoiso  uirainst 
the  vaulting  of  the  nuvo.  If  flyinLf  but- 
tresses were  built  solid  froin  the  trnnind, 
it  is  obvious  that  tlioy  would  interfere 
with  the  vii*ta  ulonif  the  aisles  dT  the 
churcli ;  hence  the  projcot  of  continuiiii; 
a  n'sistaiiee  by  means  of  arehes.  Their 
stability  <lepon<ls  on  the  roi'^tanoo  atl'^rd- 
ed  by  the  woi<jlit  of  the  vertical  buttress 
from  whence  thev  sr>rinir. 

FLY  POWDKR.  An  imperfect  oxirlo 
of  arsenic,  formed  by  the  exposure  of  na- 
tive arsenic  to  the  air:  wIumi  mixed  with 
sucrar  and  water  it  is  nse.l  to  kill  tlic<*. 

FOIL.  A  term  irenemlly  a]>|>lie<l  to  n 
varnished  metal,  rommon  f«>il  is  thus 
made:  a  eo])per  ])lato  covered  with  u 
thin  layer  of  silver  is  rolled  out  into 
sheets  under  the  flultiuL''  mill.  The  sil- 
ver surface  is  then  hi'jhly  ]oli>licd,  <>r 
covered  with  a  (•ol<)rle>s  varnish.  The 
colored  foils  are  similarly  prepared  with 
colored  varnishes. 

FOOD.  All  sub>tances  susce])til)le  of 
diirestion  and  assimilation  may  c«»me 
under  the  denomination  ot'/<«"/  ;  hut  the 
proxi)nate  princii'les  of  or^ranie  l)odio'»  on 
which  their  nutritive  powers  ihj<end  are 
comparatively  ^qw.    Ilem-e,  altliouvfh,  the 


articles  employed  in  different  conntrie« 
for  the  support  of  animal  life  arc  almost 
infinitely  various,  their  sustaining  powers 
may  be  referred  to  certain  substances 
capable  of  being  separated  and  identified 
by  chemical  analysis  imd  tests.  Among 
the  proximate  elements  of  vegetable  food 
gluten  and  its  modifications,  starch,  gum, 
sugar,  oil,  wax,  and  lignin  or  woody 
fibre,  are  by  far  the  most  important ;  and 
among  those  of  animal  food  albumen, 
gelatin,  and  their  modifications,  together 
with  fats  and  oils,  which  are  common  to 
both  kingdoms  of  nature. 

To  illustrate  the  actual  simplicity  of  our 
food  ns  compared  with  its  apparent  multi- 
fariousness and  complexity,  it  may  sutiice 
to  state,  that  wheat  and  almost  all  the 
esculent  grmns  consist  principally  of 
st^u'ch  and  gluten;  that  the  same  ingre- 
dients are  found  in  many  fruits  and  roots ; 
that  sujrar,  gum  or  a  relation  of  gum  which 
is  called  vegetable  jelly,  together  with 
minute  traces  of  iwomatic  principles  which 
give  flavor,  and  more  or  less  abundance 
of  water,  and  of  vegetable  acids,  are  the 
chief  component  parts  of  apples,  pe^irs. 
peaches,  currants,  gooseberries,  and  all 
analogous  tribes  of  fruits;  a  very  few 
also  contain  oil.  Then,  as  regards  animal 
food,  the  muscular  fibres  of  various  ani- 
mals closely  resemble  each  other  in  com- 
position and  nutritive  power;  in  some 
cases  texture  merely,  and  in  others  mi- 
nute ndrlitions  of  foreien  matters,  confer 
upon  them  their  relative  digestibilities, 
and  their  different  m<pects  and  fiavors ; 
albnmen  or  fibrinc,  and  gelatin,  small 
j»roportions  of  .saline  bodies,  and  n  larirc 
(|U:intity  of  water  are  found  in  them  all. 

It  ot'teii  happens  that  the  truly  nutri- 
tions p;irt  of  fo(Hl  is  so  combined  with  or 
protected  by  indit'estihle  matters,  as  to 
escape  the  solvent  j»owers  of  the  .xtoiniicli, 
unless  previously  ])rej)ared  and  modified 
by  various  chemical  and  meehaniciil 
airents.  Indurated  woody  fibre,  tor  in- 
stance, or  litrnin,  as  chemists  call  it,  will 
often  resist  the  joint  action  of  the  stomach 
and  bowels,  and  pass  throuirb  the  ali- 
mentary canal  with  scarcely  any  altera- 
tion. The  husks  of  many  n-eds  and 
fniiis  :irc  fOMip'>>»e<l  almost  exclu-'ively  of 
this  material.  This  is  the  case  with  the 
kernels  of  tlie  apple.  ]H'ir,  eVc:  flic  >ceds 
of  the  currant,  i:on>fberry,  melon,  aiul  so 
(•n  ;  the  skin  or  husk  of  peas,  Ixums,  &c., 
and  of  wheat,  1>  irlev.  and  o.its  ;  so  thai 
uiile-s  the  W'ody  part  is  eitlier  broken 
down  h\  l'  etei'tii  or  pri-vioMsl\  removevl, 
the  I'lH.l  w'lirh  it  elixclops  is  pr(tleetcd 
fn.'in  the  >oi\enl  action  ol'  the  ^ccivlions 
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of  the  stomach.  This  is  in  some  respects 
a  wise  and  curious  provision  innatare; 
for  birds  in  this  way  become  the  carriers 
of  seeds,  which  pass  through  them  not 
only  undigested,  but  even  retaining  their 
vegetative  powers ;  and  in  this  way  un- 
inhabited and  sterile  portions  of  the  globe 
may  gradually  become  clothed  with  verd- 
ure, and  shrubs,  and  trees.  Bones  ore 
highly  nutritive  ;  but  unless  broken  into 
ver}'  small  ft'agments  by  the  masticatory 
powers  of  the  animals  which  eat  them, 
tliey  too  would  elude  digestion.  In  refer- 
ence, however^  to  the  food  of  man,  much 
of  its  dieestibilitv  and  nutritious  power 
is  referable  to  the  important  chemical 
operations  preparatory  to  its  use  which  are 
carried  on  in  the  kitchen :  in  other  words, 
cookery  is  essentially  a  <memical  art ;  and 
Hubmtances  totally  unfit,  in  their  raw  state, 
for  reception  into  the  stomach,  are  ren- 
dered palatable,  digestible,  and  nutritious 
by  the  skill  of  the  cook.  And  here  salt, 
and  a  variety  of  eondiments^  as  thej^  are 
called,  and  which  are  aromatic  and  stimu- 
lant substances,  chiefly  of  vegetable  ori- 
gin, play  an  important  part ;  nor  must 
the  mere  effect  offbeat  be  overlooked,  for 
it  is  most  important.  Meat,  by  boiling 
and  roasting,  is  not  only  softened  in  its 
fibre,  but  new  substances  are  generated 
in  it.  Among  these  a  peculiar  extractive 
matter,  and  omnazone^  or  the  principle 
which  gives  an  agreeable  flavor  and  odor 
to  dressed  meat,  are  cspeciollv  recognized. 
Nor  are  the  coanges  which  vegetables 
sutfer  under  the  influence  of  heat  less 
obvious. 

There  is  another  important  point  in  the 
history  of  our  food,  namelv,  its  vUiinate 
compoifition.  We  have  spoKeii  of  starch, 
auiTur,  gum,  albumen,  and  other  Rubstan- 
ccs  as  the  proximate  principles  upon  which 
we  live ;  out  what  is  the  ultinuiU  consti- 
tution of  these  secondary  products,  what 
are  their  true  elements  f  It  is  curious 
that  four  ^^^m^w^» only  are  principally  con- 
cfrned  in  the  production  of  our  food. 
The^te  are,  csirbon,  hydrojren,  oxyfjcn, 
and  nitrogen.  Anioncr  vc^rotable  snb- 
htaiu'C."*  gluten  (including  vejretable  alhu- 
TiuMii  is  the  only  one  which  abounds  in 
nitrogen ;  gum,  HUi:ar,  i*tarch,  and  the 
ref«t  are  constituted  of  carbon,  hydrogen, 
»nd  oxygen  only  ;  and  what  i.-*  very  re- 
markable is,  that  in  all  these  important 
principles,  and  also  in  lignin,  the  oxygen 
and  hydroffcn  bear  to  each  other  the 
same  rehitive  proportions  as  in  water,  so 
that  they  may  be  fls^iiratively,  perhaps 
truly,  describcfl  as  coniponndsof  r//^/nv>(/^ 
and  icat*  r.     Now  tlicre  are  I  wo  very  curi- 


ous points  in  reference  to  that  part  of  the 
chemical  history  of  our  food  which  haa 
been  adverted  to;  the  one  is,  that  no 
animal  can  subsist  for  any  length  of  time 
upon  food  which  is  destitute  of  nitrogen : 
and  the  other,  that  a  certain  mixture  oi 
different  kinds  of  food  is  absolutely  es- 
sential. An  animal  fed  exclusively  ou 
starch,  or  sugar,  or  albumen,  or  jelly, 
soon  begins  to  sufl'er  in  health ;  peculiar 
diseases  make  their  appearance,  and  his 
existence  is  painful  and  brief:  but  mix 
these  together  and  occasionally  modify 
their  proportions,  and  he  then  thrives  and 
fattens.  Magenaie's  experiments  on  this 
subject,  together  with  those  of  Hedemann 
and  Gmelin,  well  illustrate  this  fact.  Thus, 
geese  fed  upon  gum  died  on  the  16th  day, 
those  fed  upon  starch  on  the  24th,  and 
th(Me  fed  on  the  boUed  white  of  egg  on 
the  46th;  in  all  these  cases  they  dwin- 
dled away  and  died  as  if  from  starva- 
tion. 

Habit,  as  is  well  known,  will  do  much 
in  accustoming  the  stomach  to  particular 
descriptions  of  food ;  many  persons  live 
exclusively,  or  almost  so,  on  vegetable, 
others  on  animal  matters,  and  particular 
kinds  of  diet  are  forced  on  the  inhabi- 
tants of  many  regions  of  the  fflobe :  but, 
as  far  as  we  ore  concerned,  a  due  mixture 
of  vegetable  and  animal  matter  is  not 
only  most  palatable,  but  most  conducive 
to  health.  The  variety  in  our  teeth  and 
the  structure  of  the  alimentary  canal, 
]>oint  out  a  mixed  food  as  the  most  a{>- 
jiropriate.  The  shortness  of  the  intesti- 
nal canal  shows  that  man  was  not  intend- 
ed to  live  solely  on  vegetable  diet. 

Nothing  is  fit  for  food  which  has  not 
already  underjrone  organization  ;  and  wa- 
ttr^  tliough  an  essential  part  of  the  food 
of  all  animals,  is  obviously  not  in  itself 
nutritious,  though  it  ]>effornis  the  ex- 
tremely important  function  of  dissolving 
nutritive  matter,  so  as  to  render  it  con- 
veyablc  by  the  lactcals  and  other  absorb- 
ents into  the  blood.  No  co!n]iound  then 
of  nitroircn,  hydrogen,  carbon,  and  oxy- 
gen, wliieh  can  be  Ibnned  artificially,  can 
eonf*litute  food.  Air,  water,  and  char- 
eoal,  thouifh  involving  the  ehuunU  of  our 
nutriment,  are  themselves  unfit  for  our 
su|>port :  and  it  is  only  by  pnssini:  throusrh 
the  hidaen  processes  whieh  are  carried 
on  in  the  ves>els  of  liN^iig  thinirs,  that 
they  arc  so  recombined  and  tnodified  as  to 
be  rendered  capable  of  ^uj^porting  aniniid 
lite.  It  is  the  veLTetaKle  world  which 
eoiunienees  this  wonderful  o^terntion. 
Plants  absorb  their  nutriment  trom  the 
air  and  from  the  soil ;  they  a>similatc  in- 
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inorganic  as  well  as  omnic  matter ;  they 
become  the  food  of  tne  graminivorous 
tribes,  and  fW>m  these  man  derives  the 
great  oulk  of  his  animal  food.  Animals 
cannot  create  food ;  they  cannot  form  any 
one  of  these  proximate  principles  we 
have  mentioned;  this  is  the  office  of  the 
plant.  The  plant  is  a  creating  being,  the 
animal  only  assimilates  what  the  plant 
had  formed. 

In  speaking  of  the  composition  of  food, 
that  or  Tniik^  the  most  miportant  of  alt 
food,  most  not  be  forgotten ;  in  it  nature 
has  wonderfully  provided  a  mixture 
which,  though  secreted  by  an  animal, 
partakes  also  of  the  nature  of  vegetable 
food,  and  it  presents  a  perfect  analogv  to 
that  combination  of  vegetable  and  anfmal 
matter  which  has  been  mentioned  ob  most 
congenial  to  the  palate  and  stomach. 
The  albumen  or  curd  of  milk  is  a  highly 
elaborated  animal  principle,  abounding 
in  nitrogen,  yet,  from  its  attenuated  and 
soluble  state,  easy  of  digestion.  A  second 
principle  of  milk  is  what  is  termed  8u(/ar 
of  mUk:  in  composition  and  properties 
it  resemoles  a  vegetable  product,  and  is 
intermediate  between  gum  and  sugar. 
The  third  component  of  milk  is  butter. 
partaking  of  the  nature  of  vegetable  oil 
and  animal  fat;  there  are  certain  saline 
and  acid  substances  in  small  proportion; 
and  all  these  matters  are  either  dissolved 
or  suspended  in  a  large  relative  propor- 
tion ot  water. 

/.  TahU  fthowin^  the  average  quantiftf  of 
nutritire  nmtter  in   lOOtt  part^  of  xtrt- 
ral    carittits  of  anlnml  and   vojttahU 
fooil. 

Blood 215 

Veal 'i'x) 

Pork 24^) 

CUickon 270 

Haddock IHO 

Bones 510 

White  of  ciTK \^\ 

Rice  Ssi» 

Bye 7D2 

Potatoes 'ir)<> 

Turnips 42 

Beet  root  14s 

Pears    10) 

Gooseberries 1 IM) 

Plums '2'.»0 

Peddles   2tH) 

Melon :io 

Tamarind J^IO 

Morels b'JO 

The  iiUove.  table  roprc^onts  tlic  relative 
proportions  of  solid  diirfSlibJe  matter 
contained  in  lO""**)  j-arts  ol'  the  ditU  riiit 
artieles  of  food  whieh  are  enuiiu-rated. 
When  blood,  tor  instance,  is  evaju»rated 
to  dryness,  at  a  temperature  not  exceed- 


Beef 2C0 

Mutton 200 

Brain 2<K) 

Cod 210 

Sole 210 

Milk 72 

Wheat fl;>0 

Barky I>JO 

Oals 742 

( 'arrots   J»s 

<"al)b;u:o   1'.\ 

Htrawl.erries 1(M» 

A|>pK'< 170 

Clu-rrii'S *j:>i» 

Apricots 'Ji>«) 

(irajn'-^   270 

Cucuinl^er   'i.j 

Almonds 0.")0 


ing  212^,  the  residue  amoants  to  216  parts 
in  1000,  and  may  be  regarded  as  almost 
entirely  composed  of  digestible  matters ; 
it  consists  or  albumen  and  coloring  mat- 
tor,  with  small  proportions  of  saline  sub- 
stances. The  different  kinds  of  meat 
were  dried  in  the  same  way.  The  losa 
of  weight  during  their  desiccation  is  id- 
most  wholly  referable  to  water ;  and  the 
dry  residue  composed  of  albumen  or 
fibrine,  with  some  gelatine,  and  perhaps 
traces  of  fat  and  of  saline  matters,  repre- 
sents the  true  nutritive  value.  Upon  an 
average,  therefore,  the  nutritive  matter 
in  a  pound  of  meat  is  not  more  than  four 
ounces.  This,  however,  only  applies  to 
raw  meat ;  for  when  dressed  a  consider- 
able portion  of  its  constituent  water  ia 
often  dissipated.  The  nutritive  matter 
of  wheat  is  chiefly  starch  and  srluten^  and 
in  this  species  ot  grain  the  gluten  is  in 
much  greater  relative  proportion  to  the 
starch  than  in  barley,  oats,  or  rye.  lu 
rice  there  is  little  else  than  starch.  There 
can  be  little  doubt  that  the  ^rcat  value  of 
wheat  OS  on  article  of  food  depends  upon 
this  excess  of  gluten,  which  is  a  nitro- 
genous substance,  and  has  not  inaptly 
been  termed  the  vegeto-animal  princi- 
ple. In  the  esculent  roots,  such  as  car- 
rots, <fec.,  but  especially  turnips,  sugar  is 
the  leading  nutritive  matter;  and  the 
common  fruits  contain  sugar,  gum,  albu- 
niinons  matter,  and  acids,  together  with 
a  hii,'hl^  attenuated  form  of  woody  fibre, 
or  li^nfn,  wliich,  in  that  state,  is  probably 
difirestiblo. 

*rhc  following  table  shows  the  ultimate 
composition  of*  those  proximate  princi- 
y)les  wliich  have  been  above  adA'crted 
to  iLs  constituting  the  nutritive  part  of 
food. 

//.  Tahle  fhtfcing  the  ultimate  elementary 
i'0}fi position  in}(nU) parti* of  thfotl'ncituf 
j>rori//nife    pri/u'ij'U^    in    anmuil    and 
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122 
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9S 
116 

Curd  of  milk... 

206 

Siiirar  of  mill;.. 

4.-V4 

61 

4-0 

<Jluton 
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220 

145 
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Tables  like  the  above  have  been  used 
to  point  out  the  nutritive  wUws  of  food ; 
those  which  contain  the  greatest  amount  oi* 
nitrogen  being  esteemed  tlie  most  nutri- 
tious ;  this  view  must  not,  however,  be 
too  hastily  adopted.  If  the  nitrogen  exist 
in  the  form  of  albumen,  gluten,  fibrin,  or 
casein,  any  of  the  forms  of  what  Mulder 
has  termed  Protein,  the  composition  of 
which  is,  carbon  54-87,  hydrogen  7*12, 
nitrogen  15*98.  and  oxygen  22'5'8,  in  100 
parts,  it  is  unaoubtodly  true.  But  many 
substances  cont«in  nitrogen  in  other 
forms,  as  the  mushroom  tribe ;  in  these 
it  exists  as  ammonia,  which  does  not  in 
any  way  contribute  to  the  nutrition  of  an 
animal.  Such  substances  therefore  have 
not  a  nutritive  value  at  all  equal  to  what 
the  percentage  of  nitn^en  in  them  would 
indicate. 

The  uses  of  these  proximate  principles 
to  the  animal  fhime  are  different.  The 
substances  oontuning  nitrogen  go  to  form 
the*  solid  parts  of  the  blood  and  muscle 
of  the  animal ;  the  starch,  gum,  and  su^ar 
assist  in  respiration  and  in  producing 
animal  heat;  the  oils  and  fat  serve  the 
same  end,  and  are  occasionally  stored  up 
as  fat  in  the  animal  frame  to  meet  the 
wants  of  the  system  when  it  may  require 
it. 

FORCE,  in  mechanics,  denotes  that 
combination  of  matter  and  motion  which 
producefi  a  change  in  the  stete  or  position 
of  a  body.  According  to  this  dennition, 
the  musctdar  power  of  animaln,  as  like- 
wise pressure,  impact,  gravity,  &c.,  are 
consiaercd  as  effects  of  motion  in  other 
bodies ;  it  being  evident,  from  daily  ex- 
perience, that  lK>dies  exposed  to  any  free 
action  have  force  imparted  to  them,  or 
are  themselves  thereby  imbued  with 
power.  All  forces,  however  various,  are 
measured  by  the  effects  which  they  pro- 
duce in  like  circumstances,  whether  the 
effect  be  creating,  accelerating,  retarding, 
or  deflecting  motions. 

When  we  say  that  a  force  is  represent- 
ed by  a  right  hue,  A  B,  it  is  to  bo  under- 
stood that  it  would  cause  a  material  bodv, 
situated  at  A,  to  run  over  the  line  A  1), 
which  is  called  the  direction  of  the  force, 
so  as  to  arrive  at  B  at  the  end  of  a  given 
time,  while  another  force  would  cause  the 
same  body  to  have  moved  a  greater  or 
less  distance  iVom  A  in  the  same  time. 

The  force  of  a  bodv  in  motion  is  a 
power  residing  in  that  body,  bo  long  ah  it 
continues  its  motion :  by  means  of  which, 
it  is  able  to  move  other  bodies  lying  in 
its  way,  or  to  lessen,  destroy,  or  overcome 
the  force  of  any  other  moving  body. 


which  meets  it  in  an  opposite  direction ; 
or,  to  surmount  the  largest  dead  pressure 
or  resistance. 

Force  is  quantity  by  velocity^  before  or 
after  imf)act  ^  and  if  quantity  is  mcreased, 
velocity  is  diminished.  Nature  and  art 
is  a  display  of  the  transfer  and  reception 
offeree,  adinfinitum^  and  what  is  lost  by 
one  body,  is  gained  by  other  bodies,  by 
these  transferred  again,  and  sometimea 
collected  or  concentrated,  and  at  othex 
times  scattered  and  diffused.  To  trace 
the  sources  and  distribution,  is  to  analyze 
nature ;  but  it  is  the  most  general  of  all 
laws,  that  wherever  there  is  force,  thero 
is  some  matter,  in  some  fit  motion ;  and 
wherever  there  is  matter  in  motion,  there 
is  resulting  force. 

Of  course,  there  are  no  innate,  or  mir- 
aculous forces — no  attraction — no  repul- 
sion— no  eliistic  force — no  vital  force — all 
are  derived  from  previous  motions  in 
other  bodies,  and  the  phenomena  depend 
on  the  quantities  of  the  agents  and  pa- 
tients, on  the  direction  of  their  velocity, 
and  on  various  reactions. 

Composition  of  forceb  takes  place  when 
two  or  more  forces,  differently  directed, 
act  upon  the  same  body  at  the  same  time. 
As  tne  body  then  cannot  obey  them  all, 
it  will  move  in  a  direction  somewhere 
between  their  line.  This  is  called  the 
contpo»Uion  and  resolution  of  forces  or  of 
motion.  But,  if  the  bodv  bo  impelled  by 
equal  force,  acting  at  rignt  angles  to  each 
other,  it  will  move  in  the  diagonal  of  a 
square,  and  instances  in  nature,  of  mo- 
tion produced  by  several  powers  acting 
at  the  same  time,  are  innumerable. 

All  machines  are  impelled  either  by  the 
exertion  of  animal  force,  or  by  the  appli- 
cation of  other  powers  of  nature.  The 
latter  comprise  the  elements  of  water, 
air,  and  fire.  The  former  is  more  com- 
mon, yet  so  variable  as  hardlv  to  admit 
of  calculation.  It  is  derived  fVom  the 
muscular  lever  of  the  animal  acting 
ogainst  the  ground,  and  the  power  of  the 
muscles  to  act  is  derived  from  the  gas 
fixed  by  respiration.  It  depends  not  only 
on  the  vigor  of  the  individual,  but  on  the 
difterent  strength  of  the  particular 
muscles  employed.  Every  animal  exer- 
tion is  attended' by  fatigue  of  the  inuHcles; 
it  soon  relaxes,  and  would  Hpce<iily  pro- 
duce exhftufttion.  The  mo^t  profitable 
mode  of  applying  the  labor  of  animals  is 
to  vary  their 'muscular  action,  and  revive 
its  tone  by  short  and  frequent  inter\'als 
of  repose.  The  ordinary  method  of  com- 
puting the  effects  of  human  labor  is,  from 
the  weight  which  it  is  capable  of  elevat- 
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iDg  to  a  oeitain  hoight.  in  a  given  time, 
the  product  of  these  tlixce  numbers  ex- 
pressing the  absolute  quantity  of  perfor- 
mance. This  was  reckoned  by  Bernoulli 
and  Desagulicrs,  at  2,000,000  lbs.  avoir- 
dupois, which  a  man  could  raise  one  foot 
in  a  day.  But,  our  civil  engineers  have 
^ne  much  further,  and  are  accustomed, 
m  their  calculations,  to  assume  that  a 
laborer  will  lift  10  lbs.  to  a  height  of  10 
feet  every  second,  and  is  able  to  continue 
such  exertion  for  10  hours  o.ach  day,  thus 
accumulating  the  performance  of  8,600,- 
000  one  foot. 

Coulomb  has  furnished  the  most  accu- 
rate and  varied  observations  on  the  niea- 
flure  of  human  labor.  A  man  will  climb 
a  stair,  of  from  70  to  100  feet  hijjh,  at  the 
rate  of  45  feet  in  a  minute.  RecKoning 
his  weight  at  155  lbs.,  the  animal  exer- 
tion for  one  minute  is  6975  lbs.,  and  would 
amount  to  4,185,000,  if  continued  for  10 
hours.  A  person  may  clamber  up  a  rock 
500  ft.  high,  by  a  ladder- stair,  in  20 
minutes,  and,  consequently,  at  the  rate 
of  25  feet  each  minute ;  liis  efforts  are 
thus  alreadv  impaired,  and  the  perfor- 
mance readies  only  8875  in  a  minute. 
But,  under  the  incumbrance  of  a  load, 
the  quantity  of  action  is  still  more  re- 
markably diminished.  A  rortcr,  weigh- 
ing 140  l\)S.,  was  found  willing  to  eliinb 
a  stair,  40  ft.  high,  266  tin^a  in  a  day ; 
but  he  could  carry  up  only  66  loads  of 
firewood,  each  of  them  16Jf  lbs.  wciirht. 
In  the  former  case,  his  daily  perforiiuuicc 
was  very  nearly  l,r»()i>,()Oo ;  wliilo,  in  the 
latter,  it  amounted  only  to  S(H,<'Oo. 

The  quantity  of  pertiunuMit  etfect  was 
h'jnee  only  about  7oo,i")(H),  or  scarwly  half 
tlic  labor  exerted  in  more  clinibinu'.  In 
the  driving  of  piles,  a  load  of  4ii  lbs., 
called  the  ram,  iw  drawn  u}»  Jii  ft.  hiirh 
20  times  in  a  minute  ;  hut  the  work  has 
been  considered  so  fatiguinij,  its  to  endure 
only  three  hours  a  day.  This  irivcs  aljout 
530,000  for  the  daily  ])erforinuiu'e.  Near- 
ly the  same  result  is  obtained  by  coin])ut- 
ing  the  quantity  of  water,  whi<'h,  l)y 
means  of  a  double  bucket,  a  man  drew  up 
from  a  well.  He  lifted  ;V)  Ihs.  120  limes 
in  a  day,  from  a  depth  of  1*J0  ft.,  the  total 
etfect  beini;  5Ks,4oo.  A  skiltui  lalxtrer, 
workini;  in  a  tii-Id  with  a  larire  hoe, 
creates  an  etfeet  eijual  toTii'^.ooo.  When 
the  ageney  of  a  winch  is  cmploved  in 
turriin«j  a  machine,  the  ]K'rf<.rrn;'iiice  is 
still  erreater,  amountinLr  to  sI.'i.ihmi.  in 
all  these  instances,  a  certain  wciLMit  is 
heaved  up,  but  a  much  <m:illcr  etfnrt  is 
sutlieient  to  tran>port  a  load  ht.ri/cMitallv. 

A   man  could,  in  the  space   ot"  a  tlay, 


scarcely  reach  an  altitude  of  two  milea. 
by  climbing  up  a  stair,  though  he  will 
easily  walk  over  80  miles,  on  a  smooth 
and  level  road.  But  he  would,  in  the 
same  time,  carry  180  lbs.  only  to  the 
fourth  part  of  that  distance,  or  7i 
miles.  Assuming  his  own  weight  to  he 
140  lbs.,  the  quantity  of  horizontal  action 
would  amount  to  421768,000,  or  28  timea 
the  vertical  performance ;  but  the  share 
of  it,  in  conveying  the  load,  is  20,961,780, 
or  about  80  times  what  was  spent  in  ita 
elevation.  The  greatest  advantage  is  ob- 
tained by  reducing  the  burthen  to  102  lbs., 
itlie  length  of  journey  being  augmenteci 
in  a  higher  ratio. 

According  to  some  experiments  of  the 
late  Mr.  Buchanan,  the  exertions  of  a 
man  in  working  a  pump,  in  turning  a 
winch,  in  ringing  a  bell,  and  in  rowing  a 
boat,  are  as  ihe  numbers  100,  167,  227^ 
and  248. 

A  man's  force,  in  fact,  is  such,  that  he 
can  raise  10  lbs.  10  ft.  in  a  second,  for  'lO 
hours  in  a  day,  or  100  U>s.,  or  10  imperial 
gallons,  1  ft.  per  second,  or  in  10  hours, 
(86,000  seconds)  8,600,000  lbs.  one  ft.,  or 
360,000  gallons  one  ft. 

The  labor  of  a  horse  in  a  day  is  com- 
monly reckoned  equal  to  that  of  five 
men;  biit  then  he  works  only  eight 
hours,  while  a  man  easily  continues  liis 
exertions  for  ten  hours.  Horses,  like- 
wise, display  rnueh  greater  force  in  carry- 
ing than  in  pulling ;  and  vet  an  active 
walker  will  beat  them  on  along  journev. 
Their  power  of  drawinjf  seldom  exceeds 
144  lbs.,  but  they  are  capable  of  carrying 
more  than  six  times  as  much  weight. 
With  rci^ard  to  the  ordinary  power  of 
drauffht,  the  f()rniula  (12 — r*)2,  where  o 
denotes  the  velocity  in  miles  an  hour, 
will  perhaps  be  Ibund  sutticiently  near 
the  truth.  Thus,  o  horse  beginninc  his 
pull  with  the  force  of  144  lbs.,  would  draw 
loO  ll)s.  at  a  walk  of  two  miles  an  hour, 
l)ut  only  64  lbs.  when  advancing  at 
double  that  rate,  and  not  more  than  36 
lbs.  if  he  quickened  his  pace  to  six  miles 
an  hour.  His  greatest  performance 
would  hence  he  made  with  the  velocity 
of  4  miles  an  hour.  The  ueeumulated 
eti'ort  in  a  minute  will  then  amount  to 
'l-ljrl'^.  The  measure  trenerally  ad(»pted 
tor  compuiinj.:  the  jiower  of  bteaiu-eu- 
fc'ines  is  much  liiLrlier.  the  labor  of  ahorse 
hiiiii:  reckoiu'd  >ulli<'ient  to  raise,  every 
minute,  to  the  elevation  <»f  one  !>.,  the 
weiifht  o\'  ii'j.ooo  11»>.  \V}icel-earriai:es 
eiKilile  lior>c-..  on  level  roads,  to  dnnv.  at 
nil  av«-rai::c,  loails  about  lo  times  greater 
than  the  powt-r  exerted. 
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FORCER.  Tn  Mechanics,  a  solid  pis- 
ton applied  to  pumps  for  the  pnrpone  of 
producing  a  confttunt  streiinif  or  of  rais- 
ing water  to  a  greater  height  than  it  can 
be  raised  by  the  pressure  of  the  atmo- 
sphere.   See  Prxp. 

FORGE.  The  workshop  in  which 
iron  is  hammered  and  shaped  by  the  aid 
of  heat.  The  term  is  generally  applied 
to  the  places  in  which  these  operations 
are  carried  on  npon  the  comparatively 
small  scale;  the  great  workshops  in 
which  iron  is  mode  malleable  for  general 
purposes  being  called  a  ehingUng  mill. 
A  common  forge  consists  of  the  hoirtli  or 
fireplace,  which  is  merely  a  cavity  in 
masonry  or  brickwork  well  lined  with 
fine  day  or  brick,  upon  which  the  ignited 
fad  is  placed,  and  upon  the  back  or  side 
of  which  a  powerful  blast  of  air  is  driven 
in  through  the  nozzle  of  a  double-blasted 
bellows,  which,  in  a  common  for^e,  is 
generally  worked  by  a  hand  lever,  i  orges 
are  sometimes  constructed  so  as  to  be 
portable,  when  the  bellows  is  most  con- 
veniently placed  under  the  hearth :  these 
are  usea  in  ships,  and  for  various  jobs 
on  railways,  &c, 

FORMiC  ACID.  A  sour  liquor  which 
ants  eject  when  irritated,  and  which  wns 
formerly  obUiincd  by  bruisiuj^  the  in- 
sects and  distilling  them,  mixed  with 
water;  a  peculiar  volatile  ucid  pa?j*cd 
over.  It  has  been  ascertained  by  Dobc- 
reiner.  that  an  analogous  acid  muy  be  ar- 
tificially obtained  by  distilling,  from  a 
cttpucious  retort,  a  mixture  of  2  parts  of 
tartaric  acid,  8  of  peroxide  of  mnugunese, 
and  8  of  sulphuric  acid  diluted  with  5 
of  water.  The  tartaric  acid  accjuires  oxy- 
gen from  the  oxide  of  manguncisc,  and  is 
resolved  into  water,  carbonic  acid,  and 
formic  acid.  From  the  analysis  by  Ber- 
zelius,  of  formiate  of  lead,  it'appears  that 
formic  acid  is  a  compound  of  2  atoms  of 
carbon,  3  of  oxygen,  and  1  of  hydrogen ; 
or  of  2  atoms  ol'  carbonic  oxide,' and  1  of 
water. 

This  acid  decomposes  the  salts  of  a  few 
mc'tols.  Silver  is  readily  thrown  out  in 
the  state  of  bright  metal  on  gloss  sur- 
faces, by  means  of  formic  acid. 

FOUNDING,  OF  Iro.v.  The  opera- 
tioii»  of  an  iron  foundry  consist  in  re- 
nieltiiuf  the  pig-iron  of  the  blast  furnaces, 
and  giving  it  un  endless  variety  of  furins, 
by  «u<ting  it  in  mould**  of  different  kinds, 
pVeimred  in  approoriate  manners.  Coke 
IS  the  only  kind  or  fuel  employed  to  effect 
the  fusion  of  the  cast-iron. 

The  essential  parts  of  a  well-mounted 
iron  foundry  are, 


Maga^nes  for  pig-irons  of  different 
qualities,  which  are  to  be  mixed  in  cer- 
tain proportions,  for  producing  eastings 
of  peculiar  Qualities;  as  also  tor  coal, 
coke,  sands,  my^  powdered  charcoal,  ana 
cow-hair  for  giving  tenacity  to  the  loam 
mouldings. 

One  or  more  coke  ovens. 

A  workshop  for  preparing  the  pattern 
and  materials  of  the  moulds.  It  should 
contain  small  edge  millstones  for  grind- 
ing and  mixing  the  loam,  and  another 
mul  for  grinding  coal  and  charcoal. 

A  vast  area,  called  properly  the  foun- 
dry, in  which  the  moulds  are  made  and 
fllied  with  the  melted  metal.  These 
moulds  are  in  general  very  heavv,  con- 
sisting f  two  parts  at  least,  which  must 
be  separated,  turned  upside  down  seve- 
ral times,  and  replaced  very  exactly  upon 
one  another.  Tlie  casting  is  generally 
effected  by  means  of  large  ladles  or  pots, 
in  which  the  melted  iron  is  transported 
from  the  cupola,  where  it  is  fused. 
Hence,  the  foundry  ought  to  be  provided 
with  cranes,  having  jibs  movable  in  every 
direction. 

A  stove  in  which  such  moulds  may  be 
reodily  introduced  as  rec^uire  to  be  en- 
tirely deprived  of  humidity-,  and  where 
a  strong  heat  may  be  umfonnly  main- 
tained. 

Both  blast  and  air  furnaces,  capable 
of  melting  speedily  the  quantity  of  east- 
iron  to  be  emjiloyed  each  day. 

A  blowing  machine  to  urge  the  fusion 
in  the  furnaces. 

The  mode  of  casting  meUil  pipes  will 
serve  to  illustrate  many  different  varie- 
ties of  iron-founding.  There  is  fonned, 
in  the  first  place,  a  core  or  central  pat- 
tern of  cast-iron,  with  alternate  grooves 
and  ridges  extending  from  end  to  end. 
Kound  this  is  wrapped  a  covering  of  hay 
or  straw  roi>e,  and  this  rope  is  plastered 
with  a  layer  of  wet  loam  or  clay,  worked 
until  the  exterior  surface  becomes  cylin- 
drieol,  and  corre^ponding  in  diameter 
with  the  internal  duncnaions  of  the  pipe 
to  be  made.  From  this  mode  of  forma- 
tion it  follows  that  tlierc  are  hollow  chan- 
nels or  gutters  beneath  the  straw-rope, 
and  these  sservo  for  the  exit  of  heated  air 
in  the  ^ubsequent  processes.  The  core, 
when  formed,  is  snrinkled  with  j>owder- 
ed  charcoal,  and  jmiced  in  a  heated  oven 
to  harden.  Meanwhile,  the  mould  for 
giving  the  external  form  of  tlie  pipe  is 
being  prepared.  A  model,  or  pattern,  is 
made,  corres])oiiding  exacllv  with  the 
exterior  of  the  pipe  to  be  made,  and  with 
this  pattern  a  mould,  or  cavity,  is  form- 
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ed  in  a  smooth  oed  of  sand,  in  two  halves,    capitals,  single   letters,  doable   letters. 
Then,  when  the  core  is  placed  and  sup-     points,  oomtnas^  lines,  numerals,  &c, ;  as 


ported  concentrically  in  tnis  mould,  there 
IS  a  cylindrical  space  between  the  two, 
e^ual  to  the  thicKness  of  the  intended 
pipe.  Holes  for  the  admission  of  the 
melted  metal,  and  others  for  the  exit  of 
the  heated  air,  are  provided,  and  the 
metal  is  poured  in  from  the  ladles  or 
vessels  before  alluded  to.  It  will  be 
plaiuj  on  a  little  consideration,  that  the 
exterior  of  the  core  must  give  the  in- 
terior form  to  the  pipe,  while  the  interior 
of  the  mould  must  give  the  exterior  form 
to  the  pipe.  , 

In  casting  pipes  of  largo  diameter,  the 
core  and  mould  are  built  up  vertically  in 
a  pit  as  deep  as  the  pipes  are  long ;  and 
matters  are  so  arranged  that  the  liquid 
metal  is  poured  in  at  one  end.  In  cast- 
ing large  cylinders  for  steam-engines 
and  other  purposes,  the  formution  of  the 
mould  and  core  is  a  matter  of  much  im- 
portance ;  each  being  formed  of  brick- 
work built  up  cylinclricaliy,  and  of  such 
dimensions  that' the  larger  may  inclose 
the  former,  leaving  u  space  between  them 
equal  to  tiie  intendect  thickness  of  tiie 
metal  cylinder.  The  outer  surface  of  the 
inner  cylinder,  or  core,  and  the  inner 
surface  of  the  outer  cylinder,  or  mould, 
are  wrought  very  smooth  and  regular; 
and  both  cylinders  being  adjusted  in  u 
pit,  melted  metal  is  poured  into  the  va- 
cuity between  theiA.  Tlius  is  the  cylin- 
der formed.  The  process  of  /«>/'//?v,  to 
which  such  ovlinders,  as  well  as  cannon 
and  other  articles  requirhit;  a  smooth  in- 
terior, arc  afterwards  subjected,  is  nut, 
as  the  name  seems  to  imjily,  the  boring 
or  making  a  hole,  V)iit  a  j>laninir,  scrap- 
ing, or  cutting  away  of  the  inner  surface, 
till  it  becomes  regular  and  smooth  from 
end  to  end. 

In  all  large  specimens  of  casting,  such 
as  bed-nlates  for  marine  cnirine.s,  arches 
for  briai/es,  beams  tor  roofs,  plates  for 
large  cisterns  and  tanks,  turn-tables  for 
railways,  framework  for  engines  and  ma- 
chines of  various  kinds,  and  such  like, 
the  mould  is  made  in  sand  on  the  floor 
of  the  ctt^tintj-honse,  from  moulds  or 
patterns  previously  constructed  in  ac- 
cordance   with    the    working   drawings, 


a  fount  of  English,  of  Pico,  of  Bourgeois, 
&c.  A  fount  of  100,000  characters^  which 
is  a  common  fount,  would  contain  5000 
types  of  a,  8000  of  c,  11,000  of  #,  6000  of 
i,  3000  of  m,  and  about  SO  or  40  of  X%  x, 
y,  and  e.  But  this  is  only  to  be  under- 
stood of  the  lower-case  types ;  those  of 
the  upper-case  having  other  proportions. 

A  small  fount  may  consist  ot  fifty  or 
one  hundred  pounds  weight,  comprising 
the  usual  proportion  of  the  various  let^ 
ters  of  the  alpnabet ;  and  a  lan;e  fount, 
of  thirty  or  forty  thousand  poundis  weight, 
or  more. 

FOUNTAIN.  By  this  term  is  desig- 
nated any  natural  or  artificial  apparatus 
by  means  of  which  water  springs  up.  In 
natural  fountains  the  ascensional  effort 
is  produced  by  the  hydrostatic  pressure 
of  the  water  itself;  in  artificial  fountains 
it  is  produced  either  by  the  same  pres- 
sure, or  by  that  of  compressed  wr,  or 
sometimes  by  machinerv. 

The  theory  of  natural  fountains  is  ex- 
tremely simple  :  it  depends  on  the  well- 
known  property  of  fluids,  which  when 
inclosed  in  tubes  or  vessels  communica- 
ting with  each  other,  the  fluid  rises  to 
the  same  level  in  all  of  the  tubes:  the 
pressure  on  the  sides  of  the  tube  at  any 
point  being  equal  to  the  height  of  the 
vertical  column  above  the  tube. 

Now  it  is  precisely  on  this  principle 
that  all  natural  fountains  are  explained. 
The  rain  which  falls  from  the  atmosphere 
is  absorbed  in  three  diflerent  ways.  One 
part  of  it  collects  in  rills  on  the  surface  ot 
the  around ;  these  unite  in  streams  or 
rivulets,  which  flowing  into  one  another 
form  rivers,  and  thus  it  is  conveyed  to 
the  ocean.  A  second  part  is  taken  up  in 
giving  humidity  to  the  soil,  from  which 
it  is  returned  to  the  atniosphere  bv  eva- 
poration. A  third  portion  desceiuis  into 
the  earth,  throuirh  soils  of  a  spongv  or 
porous  nature,  or  through  crevices  ana  in- 
tei^^ticcs  in  the  strata,  until  it  meets,  fre- 
quently at  a  very  considenible  depth,  with 
strata  through  which  it  cannot  penetrate, 
and  is  then  collected  in  subternineous 
reservoirs.  When  confined  in  this  man- 
ner it  is  subject  to  the  pressure  of  the 


and  the  litjuid  metal  is  poured  into  these  i  water  wliich  fills  the  channels    throuiih 

moulds  at  once   from  the  blast-furnace,  |  which  it  h:u*  descended  ;  and  when  thir. 

or  from  tlie  pondcnms  vessels,  or  from  pressure  is  sutlicicnt  to  overi-ome  the  re- 

a   cupola-fiiniiici',  acc(»rding   to   the  cir-  sistance  of  the  superincumbent  mass  of 

cumstances  of  the  case.  [  earth,  the  water  breaks  the  artificial  stra- 

FOUNT,   or  FONT,   auKniG:   printers,  I  tn.  and  u'usbes  forth  in  a  sprimr.     But  ;f 

<fec. ;  a  set  of  types,  sorted  fur  use,  that  the  strenifth  of  the  superincumbent  mn- 

indudes  running  letters,  larLff  and  small  terials  exceed  the  hyarostatic  pressure, 
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the  water  will  remain  stored  np  as  it 
were  in  the  snbterraneons  reservoir. 
Now  if  the  irroimd  above  such  a  reser- 
voir, or  ainr  cnannel  commanicating  wilh 
it,  be  perforated,  the  water,  having  free 
aoocss  to  the  openiiur,  will  rise  in  it  till 
it  attuns  the  level  of  the  highest  part  of 
the  channels  from  which  it  is  supplied. 
If  this  level  is  above  the  surface  of  the 
ground,  the  water  will  have  a  tendency 
to  rise ;  and  when  the  ascensional  force 
is  oonsiderable,  it  may  by  proper  means 
be  formed  into  a  founUdn.  That  subter- 
raneous reservoirs  formed  in  this  man- 
ner exist  in  great  abandonee,  and  at  great 
depths  under  the  surface,  we  have  suffi- 
cient evidence  in  the  facility  with  which 
water  may  be  obtained  in  almost  all 
countries  iVom  Artenan  Wells. 

FOUNTAIN  OF  HERO.  An  inceni- 
ons  hydranlic  macliine,  ascribed  to  Hero 
of  Alexandria,  who  lived  150  years  B.  C. 
Its  principle  depends  on  the  transmis- 
sion of  the  pressure  sustfdned  by  a  body 
of  water  in  one  vessel  to  that  in  another 
by  means  of  the  elasticity  of  air.  Tlie 
essential  parts  of  the  fountain  consist  of 
two  doee  vessels,  A  and  B.  Tlie  one 
placed  somewhat  above  the  other,  and 
connected  by  a  fhune :  and  having  a  jet- 
pipe  in  the  centre,  its  lower  end  reaching 
near  the  bottom  of  A.  A  pipe  pasHcs 
down  from  A  to  near  the  bottom  of  B : 
another  pipe  is  connected  with  B  and 
passes  up  to  neur  the  top  of  A.  Tliis 
pipe  conaucts  air  fVom  B  to  A.  When 
water  is  poured  into  A  it  runs  down  the 
pipe  into  B;  this  drives  the  air  up  the 
pipe  into  the  upper  part  of  A,  which 
presses  on  the  suriace  of  the  wutcr  there 
and  compels  it  to  pass  up  the  jet-pipe 

and  issue  out  as  a 
fountain,  the  height 
of  which  is  equal  to 
the  difference  of  the 
levels  of  the  water 
inCandB:  the  wa- 
ter will,  according 
to  the  theory,  snout 
to  a  heifirht  above 
its  level  in  A  equal 
to  that  distance. 
The  second  figure 
represents  the  foun- 
tain of  Hero  in  another  form.  An  appa- 
ratus of  this  kind  is  used  to  drain  the 
Hungarian  mines  at  Schemnitz. 

Artijicial  fountain*  are  also  produced 
by  means  oi  the  elasticity  of  heated  air, 
or  air  condensed  by  some  other  means. 
Two  different  forms  are  used  for  this 
purpose.    The  first  consists  of  two  close 


vessels  of  tin,  placed  one  above  the  other ; 
the  lower  one  being  of  considerable  size : 
the  upper,  furnished  with  a  tube  or  jet, 
which  reaches  to  near  the  bottom  of  the 
vessel.  On  applying 
the  heat  of  a  lamp  to 
the  lower  vessel,  the  air 
within  it  expands  and 
forcing  its  way  through 
the  open  tube  is  com- 
pressed at  the  top  of 
the  vessel,  and  thus  by 
its  pressure  forces  the 
water    in    that   vessel 


"nrt — 


.through  K,  L,  fonning 
a  small  jet  at  K.    This 


jet 

apparatus  being  generally  constructed  in 
tne  form  of  a  temple,  produces  a  very 
pleasing  effect. 

FRANKFORT  BLACK.  Calcined  vine 
flshes,  and  refuse  lees  of  wine  manufac- 
tories. 

FRANKLINITE  is  a  compound  of  ox- 
ide of  iron,  with  the  oxides  of  mangan- 
ese and  zinc,  which  is  found  at  Frank- 
lin, N.  J.  It  crystallizes  in  octobedrons, 
which  occasionally  by  replacements  be- 
come nearly  elobular.  It  commonly  oc- 
curs in  granular  masses :  it  is  block,  brit- 
tle, and  has  much  of  tlie  appearance  of 
magnetic  iron,  but  somewhat  less  me- 
tallic, and  the  streak  is  reddish  brown. 
It  consists  of  iron  66,  oxide  of  zinc  17, 
and  oxide  of  manganese  16.  Its  sp.  gr, 
is  4*87.  It  is  found  accompanying  the 
red  oxide  of  zinc,  and  is  often  imbedded 
in  liniestone,  and  mixed  with  garnets  and 
spinellc. 

FREEZING.  The  con|?elation  of  a  li- 
quid. When  cold  is  applied  to  any  sub- 
stance, its  particles  approximate,  so  that 
they  no  longer  have  the  same  freedom 
of  motion  among  themselves :  a  gtt«  or 
vapor  is  condensed  into  a  liquid.  Dis- 
tillation is  an  ordinary  example  of  this. 
If  the  cold  be  continued  still  further^  or, 
what  is  the  some  thing,  if  heat  contmue 
to  bo  abstracted,  the  liquid  gives  out 
heat,  and  ultimately  becomes  a  solid  ;  the 
freezing  of  water  and  other  liquids  are  ex- 
amples. Various  degrees  of  cold  are  re- 
quired to  bring  different  liquids  into  tho 
solid  state,  and  tables  of  freezing  mix- 
tures have  been  made  to  accomplish  this 
end  artificially.  These  mixtures  are  com- 
binations of  various  salts,  which  react 
upon  each  other,  ond  tend  continually  to 
pass  from  the  solid  to  the  li(|uitl  state. 
Thev  hence  absorb  heat  from  every  thing 
producing  this  intense  cold. 

Dr.  Ure  gives  the  following  as  the  best 
proportions  for  producing  artificial  cold. 
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MIXTURES  IN  VKRTS 

f 

Tli«nnoin»tar  ainks  from. 

DbftTM  of  ookl 
Iwr<ii3C«d. 

Phosphate  of  soda       .       •      ^  | 
Nitrate  of  ammonia     .       •      8  > 
Diluted  nitric  acid              .      4  ) 
Phosphate  of  soda        .       .81 
Nitrate  of  ammonia     .       .      2  - 
Diluted  mixed  acids    .       .     4 

Snow 8 

Diluted  nitric  acid       .       .2 

Snow 8 

Diluted  sulphuric  acid        .      8  ^ 
Diluted  nitric  acid        .        .      8 

Snow 1 

Diluted  sulphuric  acid         .      1 

Snow 8 

Muriate  of  lime    .       .       .      4  ' 

Snow 8 

Muriate  of  lime    ...      4 

Snow 2 

Muriate  of  lime    .        .        .      8  ' 

Snow 1 

Crvst  muriate  of  lime         .      2 

Snow 1  » 

Cry  St  muriate  of  lime         .      8  f 

Snow 8  I 

Diluted  sulphuric  ncId         .    10  ) 

0^  to —840 

_840to— 60O 

oo  to  —460 

— lOOto— 560 

— 20Oto— 60O 
+20oto— 480 
+10O  to  —540 
— 160  to  —680 
00  to —660 
-40oto— 780 
— 680  to  —910 

84 

16 

46 

46 

10 
63 
64 
68 
66 
88 

28 

1 

FRENCH  CHALK  is  a  vnricty  of  talc, 
ill  which  the  folia  arc  so  simill  that  it  has 
a  somewhat  granular  texture  and  a  gliin- 
merinor  lustre. 

FRENCH  POLISH.  This  is  an  alco- 
holic solution  of  shellac,  some  of  the 
softer  resinous  eums  are  usually  added, 
but  too  much  of  them  renders  the  polish 
less  durable.  Highly  reotitied  npirit,  not 
lesrt  than  60  over  proof,  «h(>uld  be  used. 
Reclitted  wood  napthn  is  sonittinics  sub- 
stituted, to  which  the  uiii»lfjiMant  sniell 
is  the  only  objection,  l^t.  Oruncrc  she-l- 
loc  y2  oz.',  rcctitied  spirits  4  j>ints,  dis- 
solve, lid.  Shelluc  3  oz.,  gum  sniidanio  \ 
oz.,  rectified  spirit  1  pint.  W\.  Siu'llac  4 
oz.,  gum  thus,  i  oz.,  rcotitii-d  spirit  1 
pint,  dissolve  and  add  ahii(»nd  or  poppy 
oil,  2  oz.  4th.  Shellac  .'>  oz.,  oxalic  and 
\  oz.,  rectified  spirit  1  pint,  dissolve  and 
add  linseed  oil  4  oz.  atli.  Shellac  lo  oz., 
seed-lac  6  oz.,  trum  thus.  3  oz.,  saiidarac 
6  oz.,  copal  varnish  H  oz..  rectified  nap- 
tha,  or  dissolve  S  oz.  each  of  sccd-lac, 
gum  thus,  and  sondanic,  separati-ly  in  a 
pint  of  napthn;  and  1  lb.  of  sliellac  in  S 
pints  of  naptha.  Tiien  mix  ♦>  (»z.  of  co- 
pal varnish,  12  oz,  of  soluti<»n  of  sce\l-lac. 
tt  oz.  of  solution  of  f^ankin(•(•n^c,  and  12 
of  solution  sandarac,  nn<l  .')|  U)s.  solution 
of  slK'Ilac.  Let  the  co]>al  varnishi-s  l»c 
})ut  into  a  tincture  of  shellac,  and  well 
sluikcn,  and  the  other  ini:ivdit'nts  be 
added.  A  corresj>ondcnt  iiilbrms  us 
that  this  polish  cannot  l»c  excelled.  0th. 
Copal  \  oz.,  gum  arable  \  oz.,  shellac  1 


oz.,  pulverize^  mix,  and  sift  tho  powders^ 
and  dissolve  m  a  pint  of  spirit. 

French  polish  is  sometimes  colored 
with  dragon's  blood,  turmeric  root,  &e. 
The  general  directions  for  preparing  the 
polish  are  to  put  the  gums  with  the  spi 
rit  in  a  tin  bottle,  and  set  it  on  the  stove 
or  in  water,  so  as  to  keep  it  at  a  gentle 
heat,  shaking  it  frequently.  The  cork 
should  be  loosened  a  little  before  shak- 
ing it,  takincr  care  that  there  is  no  flame 
near  to  kindle  the  vapor.  When  tho 
ifunis  are  dis>olved  let  it  settle  for  a  few 
hours,  and  pour  otf  tlie  solution  from 
the  dregs.  Tlie  method  of  nsnig  it  is  to 
have  a  n»ll  of  list,  over  the  end  of  which 
live  or  six  folds  of  linen  rags  are  ])laced. 
The  p(;lish  is  applied  to  the  linen  with  a 
spoiitr^.  and  a  little  linseed  oil  is  dropjicd 
on  the  centre  of  it. 

FKKTION.  In  Mechanics,  the  rcsist- 
ani'C  produced  by  tl)e  rubbing  of  the  sur- 
taccs  of  two  solid  bodies  against  each 
other.  If  the  surfaces  of  bodies  were 
])erfectly  smooth  and  polished,  they 
would  slide  along  one  another  without 
sutlcring  any  resistance  from  their  eon- 
tact,  and  all  the  siini)le  relations  between 
{Kjwcr  and  n-sistance  determined  by  the- 
ory in  rcst)t'C't  of  the  ditVerent  machines 
wouhl  hold  cfood  without  anv  inodifi*'a- 
ti(»Ji  whatrvor.  But  this  state  of  perlV*.'t 
T;olish  never  exists.  The  surtaces  of  all 
bodies  with  which  we  are  ac«juainted. 
even  when  most  carefully  polished,  re- 
tain a  greater  or  less  degree  of  asperity, 
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which  prevents  them  from  sliding  over 
one  another  without  impediment ;  and  in 
many  cases  the  resistance  thns  created 
amoants  to  a  large  proportion  of  the 
whole  resistance  to  be  overcome.  In  or- 
der, tiierefore,  to  ascertain  tbe  real  value 
of  tne  c£fect  of  powers  applied  to  machin- 
ery, it  is  necessary  to  determine  the 
amount  of  the  friction,  and  to  add  this 
new  resistance  to  that  which  is  given  by 
the  theory  of  mechanics. 

The  determination  of  the  laws  of  fric- 
tion, and  its  amount  with  respect  to  par- 
ticular substances,  have  occupied  the  at- 
tention of  many  experimental  philoBO- 
phers  and  mathematicians,  as  Amontons, 
£aler,  Dcsaguliers,  Vince,  <&c. ;  but  the 
first  complete  set  of  experiments  on  the 
the  subject  was  made  by  Coulomb  about 
the  year  1780.  His  results,  though  they 
have  been  partly  modified  by  subsequent 
experiments,  throw  much  light  upon  the 
suDJcct,  and  are  of  great  value  to  the 
practical  engineer. 

There  are  two  modes  by  which  the  na- 
ture and  operation  of  friction  may  be  as- 
certained. The  first  is  very  simple,  and 
consists  in  merely  placing  a  heavy  body 
on  a  horizontal  plane,  and  elevating  the 
end  of  the  plane  till  the  body  begins  to 
slide.  When  this  motion  commences,  it 
is  evident  that  the  force  of  gravity  just 
begins  to  exceed  the  resistance  occa- 
sioned by  the  friction ;  and  as  the  gravi- 
ty is  known  from  the  weight  of  the  body, 
and  the  inclination  of  the  plane,  we  have 
thus  the  means  of  comparing  the  friction 
with  a  given  force. 

But  this  method  is  liable  to  some  un- 
certiunty.  Most  bodies,  after  having 
been  in  contact  for  some  time,  require  a 
greater  force  to  originate  than  to  keep  up 
progressive  motion ;  but  it  is  obvious 
that  the  inclination  of  the  plane  of  de- 
scent marks  only  the  initial  obstruction. 
Coulomb  accoraingly  adopted  a  ditferent 
mode  of  proceeding.  His  general  me- 
thod was  to  draw  a  sort  of  loaded  sledge 
along  a  horizontal  bench,  by  means  of 
weiglits  placed  in  a  dish  attached  to  the 
sledge  bv  a  cord  passing  over  a  pulley. 
The  sledge  was  mounted  on  sliclers  of 
the  substance  on  which  the  experiments 
were  to  be  made  ;  and  the  corresjwndiDg 
sri{M<  of  the  same  or  a  ditfcrcnt  substance 
placed  upon  the  sliders  on  the  bench. 
This  apparatus  has  been  called  u  triftome- 
Ui\  The  following  are  Horiie  of  the  re- 
sults which  were  obtained. 

As9uiniii(?  the  pressure  as  equal  to  100 
parts,  the  friction  of  oak  against  Hr  was 
66  in  the  direction  of  the  fibres,  but 


amounted  only  to  16  when  moved  with 
the  velocity  of  a  foot  each  second :  the 
friction  of  oak  against  oak  in  the  aireo- 
tion  of  the  fibres  was  48,  and  across  them 
onlj^  27,  the  effect  bein^  still  reduced  by 
motion  to  10 ;  the  friction  of  fir  against 
fir  in  the  direction  of  the  fibres  was  56, 
which  sunk  to  seventeen  during  motion ; 
the  friction  of  elm  against  elm  m  the  di- 
rection of  the  fibres  was  46,  and  reduced 
by  motion  to  10.  On  the  other  hand, 
the  friction  of  copper  upon  oak,  length- 
wise, was  8  at  the  commencement  ot  the 
motion,  but  increased  to  18  when  the 
velocit;^  was  a  foot  in  a  second :  the  fric- 
tion of  iron  upon  oak  with  tne  initial 
velocity  was  11,  and  was  increased  by  the 
motion  to  18.  But  the  mutual  friction 
of  metals  appeared  in  general  to  be  scarce- 
ly, if  at  all,  affected  by  motion.  In  these 
experiments  no  unguents  were  usecl. 

Where  inetals  rub  against  wood,  it  is 
necessary  that  the  two  bodies  continue 
longer  in  contact,  in  order  that  the  fric- 
tion may  acquire  its  maximum.  In  tbe 
case  of  iron  acrainst  wood  at  least  4  or  5 
hours  must  elapse  before  the  momentary 
increase  of  friction  disappears  ;  whereas 
in  the  case  of  wood  against  wood  a  sin- 
gle minute  was  sufficient.  But  the  re- 
sistance appears  to  incrcose  by  contact, 
though  less  sensibly,  even  for  several 
days.  The  application  of  grease  to  the 
surfaces  of  wood  produces  a  similar  ef- 
fect, and  the  resistance  does  not  attain 
its  maximum  till  after  a  very  considerable 
time.  At  the  end  of  5  or  six  days  the 
resistance  is  perhaps  14  times  greater 
than  it  was  at  the  first  instant,  if  the  sur- 
face of  contact  is  considerable  in  respect 
of  the  pressure ;  but  when  the  surface  is 
small,  the  friction  reaches  its  maximum 
mucli  more  quickly. 

An  important  part  of  the  investigation 
was  to  ascertain  whether  the  friction  is 
increased  by  the  velocity  of  the  rubbing 
bodies.  AVith  respect  to  the  bodies  of 
the  same  kind  descending  on  inclined 
planes,  Coulomb  found  that  the  time  re- 
quired for  pas.sing  over  the  first  half  was 
a  little  more  than  double  that  required 
for  j^)assing  over  the  second.  But  a  body 
j)ut  in  motion  by  a  constant  accelerating 
lorce  employs  for  passing  over  one  spoce, 
and  over  two  equal  coiis<ecutive  spaces, 
times  that  are  to  each  other  in  the  ratio 
of  y/\  :  ^/'2=100 :  U'J  ;  that  is  to  say,  if 
loo  units  of  time  are  consumed  in  pass- 
ing over  the  first  space,  142  will  be  con- 
sumed in  passing  over  the  fii'st  and  se- 
cond together,  and  consequently  42  in 
passing    over    the    second.      Now    this 
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agrees  as  nearly  as  possible  with  the  re- 
sult of  the  experiments ;  consequently 
we  infer  that  a  load  drawn  along  a  smooth 
plane  by  a  constant  accelerating  force 
(that  of  a  descending  weight  for  exam- 
ple) is  uniformly  accelerated.  But  this 
requires  that  the  friction,  at  every  in- 
atant,  destroys  only  a  proportional  quan- 
tity of  the  force  added  by  the  constant 
action  of  gravity.  *  The  conclusion  there- 
fore is,  that  for  moderate  velocities  at 
least,  t?is  resistance  due  to  friction  i*  a 
constant  quantitv,  and  vcrv  nearly  the 
same  for  every  aegree  of  velocity. 

Another  point  of  j^reat  importance  was 
to  ascertain  the  relation  the  friction  bears 
to  the  pressure:  for  example,  in  what  ra- 
tio the  friction  nas  increased  by  doubling 
or  trebling  the  load.  Coulomb  found 
that  when  wood  has  been  allowed  to  rest 
on  wood  for  some  time,  without  the  in- 
tervention of  any  unguent,  the  resistance 
occasioned  by  the  friction  is  proportional 
to  the  pressure.  The  resistance  for  a 
short  time  increases  rapidly  by  the  con- 
tact, but  attains  its  maxiuuim  in  a  few 
minutes.  The  friction  of  wood  sliding 
on  wood  with  any  velocity  is  still  propor- 
tional to  the  pressure  ;  but  the  resiHtunce 
is  much  less  in  amount  than  that  which 
is  required  to  detach  the  surfaces  attcr 
some  minutes  of  contact.  In  the  Ciiae  of 
oak,  for  instance,  the  force  required  to 
detach  the  surfaces  afler  bcinc;  some  mi- 
nutes in  repose  is  to  that  wliicli  is  neces- 
sary to  overcome  friction  alone  after  mo- 
tion has  commenced  in  the  ratio  of  ICm) 
to  23.  The  friction  of  metals  on  metals 
is  also  proportional  to  the  pressure  ;  but 
the  intensity  is  the  same,  whether  the 
surfaces  have  been  any  leuirth  of  time  in 
contact,  at  rest,  or  are  gliding  along  with 
a  uniform  velocity. 

The  friction  of  heteroorcneous  sub- 
stances, as  woods  and  the  metals,  is  en- 
tirely ditferent  from  the  above.  In  the 
case  of  wood  ni^ainst  wood  dry,  or  of  me- 
tal against  metal,  the  friction  of  the  niV)- 
bing  bodies  is  very  little  inilueneed  by 
the  velocity ;  but'  in  the  prcsctjt  case 
the  friction  increnses  very  sensilily  with 
an  au^'mented  velocity.  Conlojub  in- 
feiTcd  tliat  the  friction  ineronscd  as  tiie 
natural  numbers,  when  tlic  velocities  arc 
increased  as  the  siiimres  of  those  niiin- 
bcrs.  in  all  eases  of  a  hard  body  rnb- 
biiiir  airuinst  a  very  soft  substaiue.  the 
friction  increases  remarkably  witli  the 
velocity. 

Since  the  friction  is  in  L'cncral  propor- 
tional to  the  pressure,  it  tollows  that  \i 
will  not  be  altered  bv  iiicrejisin«r  or  di- 


minishing the  extent  of  the  nibbing  sur- 
faces. Nevertheless,  this  consequence 
fails  in  the  extreme  cases.  The  friction 
is  sensibly  diminished  when  the  surfaces 
in  action  are  reduced. to  the  smallest  di- 
mensions. Thus,  while  the  friction  of  a 
ruler  of  brass  against  a  similar  one  of 
iron  is  expressed  by  26,  it  was  found  to 
be  only  17  after  the  sledge  had  been 
mounted  on  4  round-headed  brass  nails. 

Other  causes  of  friction  are  the  rough- 
nesses, spicule,  and  angles  of  surikces 
removeable  by  filling  them  with  oil-tal- 
low, (fee,  and  by  diminishing  the  extent 
of  surfiice  in  contact.  Olive-oil  reduces 
the  friction  of  woods  one-half. 

In  all  cases,  the  rubbing  of  large  sur- 
faces against  each  other  should  be  avoid- 
ed ;  and  hence  the  use  of  litt.i  wheels  to 
turn  with  the  axis  of  shafts  called  IViction- 
wheels,  by  which  the  contact  and  rub- 
bing of  large  breadths  is  avoided.  Differ- 
ent sulwtances,  too,  should  work  against 
one  another,  the  ultimate  atoms  of  the 
bodies  tending  to  combine  by  their  simi- 
larity of  forms. 

In  the  screw  and  the  wedge,  the  frio- 
tion  is  equal  to  the  power.  The  sheaves 
of  puUics  should  not  press  against  the 
blocks. 

It  has  been  carefully  determined  at 
Bsiltimorc,  that  one  quart  of  oil  is  suffi- 
cient for  2000  miles  run  of  a  steam-car- 
riage weighinf^  3  tons.  In  the  Winan'a 
waiTgon,  the  fnction-w^hcels  dip  into  the 
oil ;  but  being  in  a  cast-iron  case,  none  is 
lost,  while  the  renewal  of  oil  is  better 
than  the  same  in  long  work.  Purified  ve- 
getable oils  answer  best, 

Blaek-lead  is  found  to  destroy  friction 
with  the  best  effect. 

Fercruson  found  that  the  quantity  of 
friction  was  always  proportional  to  the 
wei^rht  of  the  nibKuig  body,  and  not  to 
the  quantitv  of  surface  ;  and  that  it  in- 
creased witfi  an  increase  of  velocity,  but 
was  not  proportional  to  the  augmenta- 
tion of  celerity,  lie  found  also,  that  the 
friction  of  smooth  sotY  wood,  moving  up- 
on sinooth  soiY  wood,  wius  equal  to  one- 
third  of  the  weiijrht ;  of  rough  wood  uj>on 
roiitrh  wood,  one  half  of  the  weight;  of 
soft  wof)d  upon  hard,  or  hard  upon  sot\, 
one-tifth  ()f  the  wciirht ;  of  polished  steel 
upon  pi^lished  steel  or  ]H'wter,  one  quar- 
ter of  the  wciL^ht ;  of  polished  steel  upon 
t'oj)per,  one-fifrh;  and  of  polished  >teel 
upon  brass,  one  sixth  ot  the  weiirht. 
Coulomb  brouirlit  to  li^'ht  many  new  and 
.strikiuiT  I'henoniena,  and  contiruu-d 
others,  which  were  previouj^ly  hut  j»ar- 
tiallv  established. 
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The  obstmotion  which  a  cylinder  meets 
with  in  rolling  alonff  a  smooth  plane  is 
Quite  distinct  in  its  cnaracter,  and  far  in- 
ferior in  its  amount^  to  that  which  is 
}>rodaoed  by  the  fHction  of  the  same  cy- 
inder  drawn  lengthwise  along  a  plane. 
For  example,  in  the  case  of  wood  rolling 
on  wood,  the  resistance  is  to  the  pressure, 
if  the  cylinder  be  small,  as  16  or  18  to 
1000 ;  and  if  the  cylinder  be  large,  this 
may  be  reduced  to  6  to  1000.  "Die  fric- 
tion from  sliding,  in  the  same  cases, 
would  be  to  the  pressure  as  2  to  10,  or 
8  to  10,  according  to  the  nature  of  the 
wood.  Hence,  bv  causing  one  body  to 
roll  on  another,  the  resistance  is  dimin- 
ished from  12  to  20  times.  It  is  there- 
fore a  principle  in  the  composition  of 
machines,  that  attrition  should  be  avoid- 
ed as  much  as  possible,  and  rolling  mo- 
tions subetitutea  whenever  circumstances 
admit. 

On  this  principle  depends  the  advan- 
tages resulting  n'om  tne  application  of 
friction  tcheeU  and  friction  ntllerg.  The 
extremity  of  an  axle,  instead  of  resting 
in  a  cylindrical  socket,  is  made  to  rest  on 
the  circumference  of  two  wheels,  to  the 
axles  of  which  the  friction  is  transferred, 
and  consequently  diminished  in  tlie  ra- 
tio of  the  radius  of  the  wheel  to  the  radi- 
us of  the  axle.  This  ingenious  contriv- 
ance appears  to  have  first  been  applied  by 
Henry  bully,  in  the  year  1716. 

Hoa^itone  has  been  used  for  diminish- 
ing friction  with  great  profit  and  success. 
It  is  first  thoroughly  pulverized,  and  then 
mixed  with  oil,  tallow,  lard,  or  tar.  It  is 
used  in  all  kinds  of  machinery  where  it 
is  necessaiy  to  apply  an^  unctuous  sub- 
stance to  (nminish  friction,  and  it  is  an 
excellent  substitute  for  the  usual  compo- 
sition applied  to  carriage  vehicles. 

Perkins  has  avoided  the  necessity  of 
employing  oil,  grease,  or  any  other  lubri- 
cator to  the  piston  of  the  steam  engine  by 
forming  his  piston  of  bell-metal,  com- 
posed of  the  following  materials  : — cop- 
per, 20  parts  ;  tin,  5  parts  ;  zinc,  1  part. 
This,  as  well  as  his  cowt-iron  cylinder,  is 
cost  under  the  pressure  of  a  coiisiderable 
head  of  metal ;  oy  which  means  the  den- 
sity and  closencsis  of  grain  of  both  of 
them  is  very  grcaf^X  increu-sed,  and  in- 
deed, the  cu.Ht-iron  has  as  close  a  grain  as 
wroutrht-iron  itself.  These  two  metals 
he  finds  to  act  $o  as  to  pdi-Hk  mch  oilur  in 
tuu.  He  also  uses  the  same  dense  cast- 
iron  to  form  his  steam-engine  eraiik- 
axes,  and  the  spindles  of  axes  of  his 
grindstones,  &c.,  with  ;  and  he  runs  the 
cylindrical  necks  of  them  upon  bearings 


formed  of  his  bell-metal,  placed  under- 
neath them^  and  made  with  hollow  cylin- 
drical cavities,  across  their  upper  faces, 
not  exceeding  the  sixth  part  of  a  circle  in 
extent ;  and  yet,  upon  these  very  small 
bearings,  his  necks  run,  with  a  very  tri- 
fling portion  indeed  of  grease,  as  a  lubri- 
cator. In  this  manner,  the  cylindrical 
necks  of  the  axis  of  a  large  grindstone, 
employed  in  grinding  lar^e  articles,  run ; 
and  yet,  on  throwing  on  the  band  fVom 
the  rigger,  or  band-wheel,  the  stone  will 
make  nfly  revolutions  at  least  before  it 
stops. 

FUEL.  Any  combustible  substance 
which  is  used  for  the  production  of  heat, 
constitutes  a  species  of  fuel ;  and  in  this 
extended  sense  of  the  term,  alcohol,  wax, 
tallow,  coal  gas,  oil,  and  other  inflamma- 
ble bodies  which  are  occtisionolly  used, 
especially  in  the  chemical  laboratory,  as 
sources  of  heat  as  well  as  light,  might  be 
included  under  it.  But  the  term  fuel  is 
more  properly  limited  to  coal,  coke,  char- 
coal, wood,  and  a  iavr  other  substances, 
which  are  our  common  sources  of  heai, 
and  as  such  are  burned  in  grates,  stoves, 
fireplaces,  and  furnaces  of  dififerent  de- 
scriptions. 

In  this  country,  coal,  in  the  neighbor- 
hood of  cities,  is  the  fuel  commonly 
employed  ;  but  where  wood  is  abun* 
dant,  or  where  its  value  is  little  more 
than  that  of  felling  it,  it  is  used  either  in 
its  original  state  or  in  the  form  of  char- 
coal. But  whatever  substance  is  used,  the 
ultimate  elements  of  fuel  are  carbon  and 
hydrogen  ;  and  the  heat  which  is  evolv- 
ed by  their  combustion  is  derived  from 
their  combination  at  hi^h  temperatures 
with  the  oxygen  of  the  air:  the  results  or 
products  of  this  combustion  are  carbonic 
acid  and  water,  these  escaping  into  the 
atmosphere  by  the  flue  or  cnimney  gene- 
rally attached  to  furnaces  and  fireplaces. 

It  is  essential  to  good  and  profitable 
fuel  that  it  should  be  free  from  moisture ; 
for  unless  it  be  dry,  much  of  the  heat 
which  it  generates  is  consumed  in  con- 
verting its  moisture  into  vapor  :  hence 
the  superior  value  of  old,  dense,  and  dry 
wood,  to  that  wiiich  is  porous  and  damp  ; 
hence  also  the  greater  (juantity  of  heat 
evolved  during  the  conihustion  of  char- 
coal as  compared  with  that  of  wood,  for 
even  the  driest  wood  always  retains  a 
certain  <iuantity  of  water ;  hence  also 
coke  gives  out  more  heat  than  pit  cojd. 
partly  because  it  is  absolutely  (fry,  and 
jiartlv  l)ecause  durini;  the  combustion  or 
licating  of  coal,  tar,  oil,  water,  and  gas 
are  evolved,  all  of  which  carry  otf  a  cer- 


102 


CYCLOPEDIA   OF  THE   USEFUL  ARTS. 


[fte 


tiUn  proportion  of  the  heat  in  a  latent 
form.  A  pound  of  dry  wood  will,  for  in- 
Htance,  heat  85  pounds  water  from  82° 
to  212°,  and  a  pound  of  the  same  wood 
in  a  moist  or  fresh  state  will  not  heat 
more  than  25  pounds  from  the  same  to 
the  same  temperature ;  the  value,  there- 
fore, of  different  woods  for  fuel  is  nearly 
inversely  as  their  moisture,  and  this  may 
be  rougnly  ascertained  by  finding  how 
much  a  given  weight  of  their. shavings 
loses  by  drying  them  at  212°. 

Charcoal  is  itself  very  hygroraetric,  and 
when  exposed  to  air  incrcuaes  in  weight 
to  the  amount  of  10  or  12  per  cent,  in 
consequence  of  the  absorption  of  humi- 
dity :  a  pound  of  dry  charcoal  is  capable 
of  raising,  when  properly  burneu,  78 
pounds  of  water  from  tne  Ireezing  to  the 
Doiling  point. 

The  different  kinds  of  pit  coal  give  out 
variable  quantities  of  heat  during  their 
oombustion ;  upon  mi  average,  one  pound 
of  coal  should  raise  60  pounds  of  water 
fW)m  the  freezing  to  its  boiling  point. 
The  heating  power  of  coke  as  compared 
with  coal  is  nearly  in  the  ration  of  75  to 
69  :  a  pound  of  good  coke  will  heat  from 
64  to  66  pounds  of  water  from  82°  to 
212° ;  its  power,  therefore,  is  about  nine- 
tenths  that  of  wood  charcoal. 

The  value  of  turf  and  peat  as  fuel  is 
liable  to  much  variation,  and  depends 
partly  upon  their  density,  and  partly 
upon  their  freedom  from  earthy  impuri- 
ties. A  pound  of  turf  will  heat  about  26 
pounds  of  water  from  oii°  to  til'J^,  and  a 
pound  of  dense  peat  al)out  .'Jo  pounds  : 
oy  compressintj  an<l  dryincr  jK?at  its  value 
as  a  fuel  is  greatly  increased. 

The  followini:  table,  by  Dr.  I're,  pho^v^^ 
the  quantity  of  water  raisccl  from  IVJ''  to 
212°  by  one  pound  wei^rht   of  the  dil- 
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fereiit  combustibles  iMimn»T:iti-tl  in  tlic 
first  column;  it  .-il-o  .sIicwn  tin-  iHimbcr 
of  pound.s  of  boiliiiiT  water,  which  the 
same  weight  of  fuel  will  eva})orate,  and 


the  quantity  of  atmospherio  air  absolute- 
ly consumed  during  combustion.  The 
quantity  of  air,  however,  as  given  in  the 
la.*<t  column,  is  much  less  than  would  bo 
necessary,  in  practice,  where  much  of  the 
air  passes  the  fuel  without  coming  into 
contact  with  it  so  as  have  its  oxvgch  con- 
sumed. The  heating  power  also,  as  re- 
presented by  this  table,  can  seldom  bo 
practieaUy  attained. 

Fuel,  AjtriFiciAL.  Coal,  in  its  natural 
state,  consists  principally  of  bitumen, 
carbon,  and  some  earthy"  matters.  All 
fuel  contain  substances  possessing  bitu- 
minous and  carbonaceous  properties. 
Various  compounds  have  been  brought 
forward  fVom  time  to  time,  some  of  them 
patented,  to  produce  artificial  fuel.  All 
those  comp>ounds  have  been  combina- 
tions of  substances  of  a  carbonaceous 
and  bituminous  nature,  capable  of  gene- 
rating inflammable  gas  and  su.<taining 
combustion.  Among  the  first  compounds 
was  refuse  coal  dust,  with  pitch,  which 
was  capable  of  producing  an  intense  heat. 
A  patent  was  taken  out  in  London,  in 
lyOO,  by  a  Mr.  P.  Davy,  for  an  artificial 
fuel,  to  burn  without  smoke  or  sulphur- 
ous smell.  It  was  composed  of  sea  coal 
dust  mixed  with  charcoal,  tanners'  bark, 
and  saw-dust.  The  materials  were  mix- 
ed toffcther  wet,  placed  in  a  kiln  and 
slightly  cooked,  care  being  taken  not  to 
use  too  high  a  temperature.  Another 
artificial  fuel  was  to  place  upon  a  shelf, 
above  the  fire,  a  cjuontity  of  chalk,  or 
lime,  which  becoming  heated  from  the 
combustion  of  the  coal  below,  concen- 
trated the  heat  for  a  loner  time.  Another 
plan  was  to  bake  bituminous  and  anthra- 
cite coal  together,  to  produce  a  very  last- 
Uuj:  coke.  The  proportions  were  one- 
tliird  of  the  bituminous.  Another  plan 
was  that  of  a  Mr.  T.  Sunderland,  who 
took  out  a  patent  for  a  compound  of  gas- 
tar,  clay,  saw-dust,  tanners'  bark,  and 
refuse  dycwood ;  all  were  mixed  toge- 
ther, formed  into  cakes,  and  dried  by 
any  artificial  heat.  Another  compouna, 
and  patented  too,  was  saw-dust,  spent 
b'.'.rk,  coke,  cinder  ashes,  and  clay,  re- 
duced to  powder,  mixed,  cut  and  dried 
int«>  eake.s,  and  then  dipped  into  t'oal  lar, 
or  trrease,  and  afterwards  dried.  An- 
other e<)m]>ound  was  peat,  clay,  nitre, 
alum,  lin^^eed  and  re>in.  all  ground  in  u 
mill  anil  pre>se<l  into  moulds,  like  bricks, 
and  alti  rwanis  <lried  in  the  sun.  Au- 
otluT,  and  an  iniri-niKUS  ])lan.  to  hanK-n 
pe.i!,  <>r  >\vanH»  earth,  \va.>  to  mix  it  with 
pt'Wilered  enal,  or  jxnvdcred  brimt^tone, 
to  break  up  the  fibres  and  deprive  the 


p«*t  or  sirvnp  Mitli  of  its  ir>l«r,  hAot- 
mrds  preasicg  it  and  making  it  into 
bird  blocks.  Another  compound,  b;  a 
Ht.  Stirling,  pateDhid  in  £ngluid,  vu 
to  mix  polveriied  coil  vith  Ur  and  clay. 
All  were  IntimMdy  miiod  together, 
monldod  into  blocks  aod  dried,  and  then 
th»j  were  eiceUent  in  ihape  for  (towage. 


ennmerale  a  great  number  of  coi 
of  the  above  nature,  Toijiog  1 
from  one  uinthcr,  but  nliiiU  i 
the  anbjerts  of  no  h"^-  ^Iv.r  '"■. 
puletits,  reoordad  in  !!■  ■  I    i.i   ■ 
torvof  Arts,  and  ill  till   !   - 
PaienlB.      Verj   fu"..^r. 
given  of  using  Ihv   i;i,-  :,.r 
speDt-tui  bark,  in  till!  g..-  wt.i,.. 
the  retorla.     A  paten twrm  tiiki' 
Waabington,  but  year,  for  tlie  i.'< 
icg  of  coal  dust  into  fuel.     AiH<t 
is  made  at  Newton's  Comcn', 
baiiv.  S.  Y.,  by  BriuJiiiL'  fwii'i 
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ate.  It  ii  compact  and  cleanly,  goo 
quilitiea  certainly;  but  It  has  anotlie 
vii..  meat  and  eDdnring  ealoTiflc  ouailtlEi 
t  good  f\iel,  I 


nncleanly,   for  domcsi 


e  especially. 


■ble,  namely,  to  bnrn  the  amoke. 

can  be  done  by  ii^jecting  flno  jeta  of  air 

on  the  lop  of  the  coala. 

rULLEB'8  EARTH  U  a  aoft,  friable, 
ooarae  or  floe  grained  maraof  lithomarge 
ejay.  lis  color  is  greenish,  or  yellowish 
gray ;  It  la  dull,  but  assumes  a  fatty 
ruatTo  upon  pmatire  wilb  the  flngen. 


(rication  of  air  bubbles,   and  forms    a 
non-plantic  paste.    It  melts  at  a  higb 

beat  into  a  brown  slag.    " '■* '- 

•TO  eS'O  silica:   100  a! 
oxide  of  i 


-ace  of  potash.    Itsdeani- 
n  woollen  stuffs  depends 


ing  action  upoi 

upon  lis  power  of  absorbing  greasy  nmt- 
tera.  It  ibould  be  neither  Icnacioiis  n<- 
aindy  ;  for  in  the  flist  case  It  would  ni 
diffuw  itaolf  well  through  water,  and  I 


the  aeooDd  it  would  abrade  the  doth  too 

much.    The  finely  divided  silica  is  one 

of  its  asefhl  ingredients. 

After  baking  it  is  thrown  into  cold  wa- 

where  it  &]Is  into  powder,  and  the 


It  la  done 
ng  manner;  Three  or  four 
lected  on  a  line  by  aponta 


their  lops  ;  in  the        .    

beat  and  stirred,  and  the  water,  wbicb  is 
oontinually  running  from  the  first  to  tha 
last  through  intennediate  ones,  catiiea 
with  it  and  deposiles  the  fine,  whilst  tha 
ooane  settles  m  the  fint.  The  advan- 
tages to  be  derived  from  thia  operation 
are,  that  the  two  kinds  wiQ  be  mnoh 
fitter  for  their  respective  parpoaea  .  of 
deansing  coarse  or  fine  doth;  for  with- 
out baking  the  earth  Ibey  would  be  unfit, 
aa  before  noticed,  to  incorporate  so  mi- 
nutely with  the  water  in  its  native  atate ; 
it  would  neither  so  readily  fall  down,  nor 
so  easily  be  divided  into  diSerent  quali- 
ties, withouttbe  process  of  washing  over. 
When  fiiei  is  tkaree  for  baking  the  earth, 
it  is  broken  into  pieoea  of  the  same  size. 

to  the  heal  of  the  sun. 

The  benefit  of  tWler'B  earth  ia  mainly 
due  to  the  alumina,  whicb,  by  nibbing 
on  the  cloth  unites  with  the  grease,  form- 
ing a  soap  which  may  either  be  wnshad, 
or  niov  serve  as  a  mordant  to  fix  the  oo- 
lorB  better  on  the  alufl's. 

FULLING.  The  art  of  deanaing, 
Bcouring,  and  preeaing  stuftW,  cJotha, 
stockings,  &c.,  to  render  them  stronger, 
firmer,  and  doaer ;  it  is  also  called  mUl- 


FULMfNATES.  Compounds  of  the 
Ailminic  acid  with  various  bases,  all  more 
or  less  possessed  of  the  property  of  ex- 
ploding or  detonnting  by  heat  or  friction. 
The  fulminates  of  sifier  and  mercury  (or 
frilminatiug  silver  and  mercury)  are  ob- 
jects of  manufacturing  interest ;  the  for- 
mer being  used  in  detonating  boni«rUf 
and  the  fitter  more  largely  and  impor- 
tantly as  a  priming  for  the  percussion 
caps  of  gun  Incks. 

VULMINATINQ  POWDER.  A  com- 
pound of  three  patta  of  nilrc,  two  of 
purifled  pcarlash,  and  one  of  flowers  of 
sulphur,  carefully  mixed  and  dried  be- 
fore  the   fire  :    about  £0  grains  of  tbia 
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[fur 


mediately  after  the  whole  explodes  with 
a  stunning  report. 

FUNNEL.  Ill  architecture,  the  ui>per 
part  of  a  chimney.  In  common  life,  it  is 
a  trumpet-moutned  utensil,  with  a  pipe 
fixed  to  the  apex  for  the  purpose  of  con- 
veying liquoru  into  a  vessel  without  spill- 
ing them. 

FUMIGATION,  is  the  employment  of 
fhmes  or  vapors  to  purify  articles  of  ap- 
parel, and  goods  or  apartments  supposed 
to  be  imbued  with  some  infectious  or 
contagious  poison  or  fumes.  The  vapors 
of  vinegar,  tlie  fumes  of  burning  sulptiur, 
explosion  of  gunpowder,  have  oeen  long 
prescribed  and  practised,  but  they  have 
m  all  probability  little  or  no  efficacy. 
The  diffusion  of  such  powerful  agents  as 
chlorine  gas,  muriatic  acid  gas,  or  nitric 
acid  vapor,  should  alone  be  trusted  to  for 
the  destruction  of  morbific  cfthivia. 

FUNICULAR  MACHINE.  In  meclm- 
nics,  if  a  body  fixed  to  two  or  more  ropes 
is  sustained  by  powers  which  act  by 
means  of  those  ropes*,  the  asseinhhitro 
is  called  the  funicuUir  ma<-h'nn\,  or  rope 
machine.  If  a  rope  is  stretelied  horizon- 
tally between  two  points,  its  own  weiirht 
alone  will  prevent  it  from  becoming  per- 
fectly straight,  whatever  force  be  em- 
ployed in  stretching  it ;  and  a  very  sinnll 
force  applied  at  its  middle  point,  at  rii^ht 
angles  to  its  direction,  will  be  suttivient 
to  overcome  a  very  irreat  resistaiiec  at 
the  points  to  whicii  its  extremities  are 
attaclied.  In  this  nmiuwr  ii  very  smull 
force  may  be  made  to  raise  a  very  trreat 
weight  to  a  iniinite  hciirlit.  This  nicthod 
of  applying  t'orce  is  tainiliar  to  seain<-ii, 
who  freriuently  have  recourse  to  it  in 
bracing  their  sails. 

FUK.  Tiie  coated  skins  of  wild  ani- 
mals, especiallv  ot' those  ot"  iii<:h  nortlurn 
latitu<les  ;  sueli  as  the  avoH',  [>,  ar,  beaver, 
<fec.  The  hair  of  tnr  is  eleansed,  and  tlie 
skin  is  gcturally  sliuditlv  tanned  or  taw- 
ed. _  The  most  valiia]>fe  t"ins,  sncli  as 
ermine  and  sa]>Ie.  <-onie  cliielly  from 
Eussia.  W'hcn  nnj.rej.ared,  or  inen-ly 
dried,  the  fur  skins  '^o  under  the  name 

of  O'///-//. 

FLKXACES  bear  various  naTuc*,  a<^- 
cordin^  to  their  purpose.  The  ohjeet  of 
all  is  to  procure  irn-at  heat,  dinvtly  ap- 
plieable  to  the  purpo^io. 

Iron  t'lirnaees  eon>ist  of  a  eone  2"orM0 
feet  deep,  to  reoeive  tin-  ore.  the  ilu.x,  an<l 
the  coke  or  fuel,  in  layers,  with  an  ash 
grate  beneath,  and  Ma^'tinL''  l)ellow>  to  in- 
crease the  supply  of  oxy^'en.  They  are 
many  weeks  in  j.reparation,  so  ns  to  a<'- 
quirea  hisjh  de^'reeot"  heat,  .-lud  tlien  fliev 


are  never  suffered  to  cool,  but  constanUy 
supplied  with  ore,  flux,  and  fuel. 

A  ffos  funiact  is  so  built  that  the  Are 
and  flame  surround  the  retorts  full  of 
coal,  and  keep  them  at  a  white  heat. 

A  chemical  furnace  is  more  various  in 
its  uses,  and  should  be  built  with  a  table- 
top,  and  horizontal  flue  covered  with 
plate  iron,  over  which  should  be  sand 
oaths,  and  other  receptacles,  with  hoods 
and  covers. 

The  air-fumacey  for  melting,  has  an 
ashes  hole,  and  a  lateral  hole  near  the 
bottom  of  the  grate.  The  fire-place  is 
inclosed,  and  fuel  put  in  at  the  top,  so  as 
to  surround  the  covered  crucibles  orciicu- 
bets  placed  in  the  fire.  The  exit  of  smoke, 
&c.,  IS  at  the  side,  in  a  horizontal  flue. 

A  reverheratoru  furnace  is  one  closed  at 
the  top,  or  with  a  reverberating  dome 
with  a  tire  beneath,  and  a  perpendicnlar 
lluc  through  the  dome.  At  tlie  side  is 
an  orifice  for  the  neck  of  any  retort 
placed  in  the  body. 

There  are  various  patent  and  special 
varieties  of  furnaces,  but  the  same  gene- 
ral forms  pervade  them.  Charcoal,  or 
eoke,  or  ashes,  produce  the  highest  heat, 
but  coals  arc  used  in  glass-houses,  distil- 
leries, and  breweries. 

Ai'ciwi's  jAimp  Furnace  is  very  conve- 
nient and  powerful  for  operations  in  the 
small  way.  In  the  burnmg  part  it  is  Ar- 
gaiid's  lamp,  but,  on  the  upright  stan- 
dard, three  or  four  arms  slide  with  rings 
at  their  ends,  to  raise  higher  and  lower, 
and  fix  with  nuts  and  screws,  adapted  to 
receive  retorts,  alembics,  flasks,  <kc.,  for 
distillations,  diircstions,  &c.  In  some,  a 
second  cylinder  and  second  flame  is  made, 
l«y  which  the  heat  is  trebled,  and  most 
]»roeesses  perfonned  in  a  small  way,  with- 
out a  furnace. 

The  furnace  of  the  Rm/al  Institution  is 
of  brick-work,  r)2  inches  hv  30.  Tiie  iron 
plate  and  sand-baths,  67  by  42.  It  is  o\ 
inches  hi^di. 

A  very  i>owerfnl  furnace,  equal  to  any 
]»urpo>e,  has  V»een  nuide  at  the  Roval  In- 
stitution, by  cutting  the  bottom  ofl?  a  blue 
pot,  and  tlxinir  it  tight  in  a  larger  one,  18 
by  13  inches;  then,  through  a  sincle  hole 
in  the  bottom  of  the  outer  j)Ot,  blowing 
with  a  pair  of  douVtlc  bellows.  It  melts 
pure  iron  in  a  (piarter  of  un  hour,  renders 
jilatinum  sott,  and  tuses  rhodium.  The 
I'ucl  is  coke,  and  it  disappears,  leaving^ 
scarcely  slair  ;  ]>roviiig  the  superiority  of 
the  l>l;i*st  funuice  over  all  others. 

Fara<hiy  states,  that  a  pint  o\^  water  roav 
])e     l.i.iled    in    a   cartridge-paper    vessel, 
:   j. lined  <.\era  clioniical  lamp. 


vnt] 

Mt.  ITott  hM  taken  oat  a  patent  for  t, 
mods  or  siviux  to  fumscea  a  dreular  or 
MmldrdSu-  torm,  that  the  fre&li  coiiIb, 
when  the  fire  receives  a  supply  of  Ihcm, 
mnv  be,  by  turning  tlie  fumacea  on 
Trivota,  by  which  it  is  Bnpponed,  brought 
into  a  position  with  refereBce  to  thecouls 
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indrmight  of  air,  inBteod  of 


iBteod  of  rnshing  over 
le  burning    fuef,  and 


.  rough  tl 


iiyof  ft 
oTlhe  ni 


'  Witiy'a  improved  ruriiiCT,  frenh 
oosl  is  flrat  carbonizeil.  llinl  ii,  the  p* 
iiKparated  fWini  it  uiiil  iiLtl.iiLi<d,)oavinE 
only  cote,  which,  bt-in.-  -,  ■■.ily  poslied 
forward,  Bupplica  ih.'  nl^i  t:- ■ ;  snij  the 
oombosion  or  biinjinir  -.r  ■,:,.  eoks  pro- 
gas;  COD- 


and  then  coniboadon;  for,  by  this  oon- 
trivonce,  be  burn*  the  gas  and  Ibe  coke 
together. 

The  vent  of  ■  fnmaeo  baa  given  rise  to 
much  diScrence  of  opinion  as  to  the  size 
it  ought  to  have.  Borne  make  it  large,  to 
allow  a  freer  paasage  for  the  burnt  air 
into  ths  chimoey ;  ot)iera  ai^in,  amall, 
that  the  beat  may  not  be  diaaipnted  and 
carriod  np  ititj>  the  chimney  in  witate.  Jt 
is  generally  a  aingle  opening,  but,  in  por- 

Domber  of  small  openings,  instead  of  a 
single  vent,  with  the  view  of  BBsisting  in 
theemialdiatributionofthe  heat  through- 
oat  all  parts  of  the  chamber,  and  this 
praetice  ahould  be  adopted  whenever 
this  equal  distribution  is  requiaite.  These 
artists  are  also  careful  that  the  sum  of 
the  areas  of  theaa  holeii  ahould  lie  exaplly 
equal  to  that  of  the  throats  by  which  the 
flame  and  heatedairentcrs into  llio  cham- 
ber.     It  Kcma,  therefore,  aJvisable, 


doee  not  enter  at  all  into  the  interior  ot 
the  fumacBj  nheace  this  is  much  less 
>oler  than  in  the  fumaeea  of  the  uaHa] 

The  chim'ner,  or  flue,  ii  one  of  tbe 
est  important  parta  of  a  funiaoe  ;  and 

St,  in  general,  the  leoat  attended  onto; 
inK  usually  made  much  too  large  in  ita 
■--^lontal    irea.       By   nmking    it    thus 


of  the  flue  contain  a  lai^er  enrface  ihon 
can  be  duly  heated,  the  necesaory  rarefac- 
tion of  the  air  paaslng  through  It  is  de- 
stroyed. On  Ihia  principle,  alone,  the 
draught  of  chlmneya  depends  j  and  the 
cavity  being  too  laree  proportionably  to 
the  eurrenl  of  air,  the  forco  of  it  in  so 
diminiahcd  that  the  aoot,  inotead  of  being 
blowti  out,  gathers  and  rests  on  the  sidea 
till  it  obstructa  the  psasage,  and  choking 
up  the  drought  dHidena  the  Are,  espe- 
cially at  the  first  lighling  of  it,  by  which 
means  the  proprc's  ol^the  operation  Is 
soinct lines  greatly  retarded.  Instead, 
Iherelbre,  ot  the  large  proportion  now 
made  use  of,  if  the  chimney  be  intended 

equal  to  that  of  the  free  "pace  between 
the  burs  ot  the  grote  is  fiilly  sufficient; 
and  this  may  be  incrcaaed  in  proportion, 
where  it  is  denigned  for  a  greater  num- 
ber. 

The  calcnlationa  of  Trcdgold  ahowlhat 
eiich  Bide  of  a  cliimnc;  having  a  square 
bafin,  or  liic  narrowest  side,  if  the  basis 
be  rcetangnlar,  should  be,  at  the  least, 
one  fool  in  breadth  for  every  10  feet  ill 
height;  and  the  area  of  the  flue  ought 
not  to  exceed  one-lhird  of  the  area  of  the 
chimney. 

The  wall  of  chimnevs  la  nsnslly  single, 
but  when  the  air  which  pawcn  up  the 
flue  is  TciT  hot,  it  li*a  been  Ibiiiiil  pre- 
ferable to  have  1 

miptv  »|pacc  " 


proposed 
£f  tlic  fm 


II  double,  will 


are  tied  together  from  space  to  sniK'e 
bricks  paasing  from  one  to  the  oilier. 
iURNACE. 


e  front    flimace  a 


Ki'wiAN.)     A  kind 


rough  channel  I 
the  masonry,  into  the  flne  of  l)ie  uhir 
ney-  A  great  advantage  sllends  tli 
oonstTDCtion,  that,  when  either  of  llie  ei 


Iriel'  in  New  ?lii)!lund. 

wood  than  a  nlovo,  ami  r 
care,  preserving  nu  sgre 
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stove,  and  docs  not  require  to  be  so  in- 
tensely heated  up. 

The  annexed 
cut  represents 
this  furnace  in  a 
transverse  sec- 
tion. A  is  the  Are 
place,  to  which  an 
iron  door  is  fixed. 
C  is  the  brick- 
work ;  D  a  soap- 
stone  cap  ^12  8 
4  are  flues  in  con- 
nexion with  each 
other,  and  1  being 
in  connexion  with 
A  ;  to  4,  a  fun- 
nel connecting  the 
flue  with  the 
chimney  is  fixed,  which  has  a  damper 
attached.  The  furnace  should  stand  out 
a  few  inches  from  tlie  chimney,  so  as  to 
save  the  heat  from  all  sides. 

The  fire  place  is  filled  with  wood,  and 
the  dampers  opened  till  the  wood  gets 
well  on  fire.  The  dampers  are  then  closed 
perfectly  tight,  thougii  not  so  suddenly 
as  to  make  it  smoke.  It  will  want  no 
more  attention  till  the  wood  is  nearly 
gone,  when  it  can  be  replenished  and  im- 
mediatelv  shut  up  if  there  are  plenty  of 
coals,  ft  never  need  be  opened  more 
than  three  times  a  day  in  coldest  weather, 
morning,  noon,  and  ni^ht,  and  in  more 
moderate  weatiier  not  more  than  once  or 
twice.     The  drau'.'lit  ift  ^enenilly  ^'ood. 

A  common  form  is  about  three  feet  in 
length,  .sixteen  inelics  wide,  two  and  a 
half  feet  hiL'h — tlMmifh  the  size  should 
depcTul  upon  the  size  of  the  room.  They 
may  be  built  upon  the  fl<tor  by  having 
aautlieient  tiiiekness  of  briek  between  the 
floor  and  fire.  The  cost  r)f  one  made  ail 
of  briek,  is  not  over  ft)iir  doliars,  (pressed 
briek).  A  new  furnace  nuist  be  dr>'  be- 
fore it  is  used. 

FUKXAi'E  CSalter's).  Mr.  Salter, 
of  New  Jersey,  has  taken  out  a  patent  tor 
his  imjtrovcd  I'urnaee,  wiiieh  is  adajited 
to  ores,  yieldintr  40  pereent.  and  upwards 
of  iron.  It  consists  of  a  trij»le  ehaiul>ered 
furnace,  one  above  the  other- -the  ore 
beiuir  ])uiverized  and  mixed  with  hard 
coal,  and  tr»'»>und  fine,  is  j)Iafed  in  the 
uj'per  ehaiiibtT — where  the  ^Mses  and 
impurities,  sui-h  as  snl]>liur,  cVro..  arc 
carried  olf  at  low  teni]HM;iture.  Fmrn 
thenee  it  is  drawn  tlnouirli  openiniT'-  in 
the  bott<im,  into  the  <e<(ind  or  middle 
cliamber,  where  tlu-  tluximr  material-*  are 
a<lded — thenee  it  isdra^\nd<>wn  oiicniiiLis 
to  tiie  lower  or  puddlintr  ehamber— the 


whole  process   occupyiiig  less  thsn  so 
hour  and  a  half. 

Five  men  are  required  each  turn  to 
work  the  furnace,  and  the  yield  is  about 
400  lbs.  per  hour  and  a  half.  Two  and  a 
half  tons  coal  are  consumed  in  24  hours. 
The  cost  of  the  iron  will  vary  according  to 
the  facilities  for  getting  the  ore  and  coiU, 
the  cost  of  labor,  &0,  Former  experi- 
ments have  proved,  as  far  as  they  nave 
been  made,  that  anthracite  coal  does  bet- 
ter as  the  deoxidizing  material  than  bitu- 
minous coal,  and  quite  as  well  as  char- 
coal, but  the  bitummous  coal  is  quite  as 
good  (though  no  better)  as  either  for  fuel 
to  heat  the  ores. 

It  is  stated  that  iron  of  the  first  quality 
can  be  made  bv  it  at  Newark,  and  sold  in 
New-York  at  ^25  per  ton. 

FUSEE.  In  watch-work,  that  part  of 
the  machinery  about  which  the  chain  is 
wound,  and  which  is  immediately  acted 
upon  by  the  mainspring.    The  use  of  the 

fusee  is  to  equalize  the 
action  of  the  spring. 
In  proportion  as  the 
spring    becomes    un- 
wound, its  effort  con- 
tinually relaxes;     so 
that  if  the  first  wheel 
were  attached  to  the  barrel,  as  is  often 
the  case  in   common  watches,  the  in- 
equality of  the  impelling  power  would 
produce  a  corresponding    inequality  in 
the  rate  of  going.     In  order  to  correct 
this,  one  end  of  the  chain  is  attached  to 
and  wound  round  the  barrel  in  wliich  the 
main-spring    is    contained ;    while     the 
other  end  is  coiled  about  the  ftisee,  which 
has  a  conical  shape,  and  is  fixed  on  the 
axis  of  the  first  wheel.      The  principle 
generally   adoj)ted   for  determininir  the 
fiL''ure  of  the  tusee  is,  that  its  radius,  at 
any  point  to  whieh  the  chain  is  a  tangent, 
should  be  inversely  as  the  tension  of  the 
chain  in  that  position.      Within  certain 
limits  this  is  true  ;  and  if  we  a.<»sume  with 
Ilooke,  that  the  force  of  a  spring  is  pro- 
portional to  the  distance  to  whieh  it  is 
drawn  from  the  position  of  rest,  and  also 
lay  aside  all  consideration  of  the  length 
of  the  chain  wrajipcd  about  the  fusee,  it 
wouhl  be  easy  to  show  that  the   fusee 
should  be  the  solid  generated  by  the  re- 
volution   of    the    equilateral    hyperbola 
about  its  asymptote.     This  conclusion  is, 
however,    by   nf>    means    correet ;     but 
thouirh  the  subjeet  has  been  treated  by 
several    eminent    mathematieians,    very 
little    praetieal  a<]vantage  hi\s   l)een   de- 
rive»l  trom  the  theoretioal  investigations. 
In  faet,  a  moderate  approximation  to  the 
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trne  llgnre  (wbatever  that  maj  be)  is  all 
that  can  be  attained  Ia  practioe,  and  all 
that  is  oeceasaTT. 

FUSIBILITY.  That  property  hj  which 
aolida  asaame  the  fluid  state. 

Some  chemists  have  asserted  that  fti* 
■ion  is  simply  a  solution  in  caloric ;  but 
this  opinion  includes  too  many  yet  unde- 
cided questions,  to  be  hastily  adopted. 

FutibiUty  of  Mdalt^  as   gvoen  by  M, 
Thenard, 

1.  Fusible  below  a  rod  heat. 

Centiciw 

Heremy  ~890 

Potaasiiim  +58 

Sodiom  90 

Tin  210 

Btomath  256 

iMd  860 

Tellariimi  Leas  ftuible  than  lead. 

Arsenic  Undetermined. 

Zino  870O 

Antimony  ▲  UtUe  below  a  red  heat 

Cadmium 

2.  Infusible  below  a  red  heat. 

Pyiuftor  <ii  Wedgwood. 


Snrer 

^ar 

Cobalt 

Ixon 

IManfcmeae 

Nickel 

PaUadlom 

MolybdeniUB 

Uraniam 

Tm^stea 

Chromfom 

Tltantnm 

C«riam 

Osmiom 

Iiidinm 

Bbodian 

Platlnim. 

Columbiom 


20 
27 
88 
A  litUe  less  difficult  to  melt 

than  iroiL 
180 
"  158 
160 
As  manganese. 

Nearly  invisible;  and  to  be 
obtained  at  a  furfcc  beat 
only  in  small  buttons. 


Inftisible  at  the  forjre  Ibr- 
nacc  Fusible  at  the  oxy- 
bydrogen  blowpipe. 


FUSIBLE  METAL.    Set  Allot. 

FUSTET.    The  wood  of  the  rhua  ooti- 

r,  a  fheitive  yellow  dye. 

FUSTIAN  is  a  anccies  of  coarse  thick 
tweeled  cotton,  ana  is  generally  dyed  of 
olive,  leaden,  or  other  dark  color.  Be- 
sides the  common  fustian,  which  is  known 
by  the  name  of  pillow  (probably  pilawj, 
the  cotton  stuns  callea  corduroy,  vel- 
vcrett,  velveteen,  thickaett,  ubcq  for 
men's  wearing  apparel,  belong  to  the  same 
fabric.  The  commonest  kind  is  mere- 
ly a  tweed  of  four,  or  sometimes  Ave 
leaves,  of  a  very  dose  Ft  out  texture,  and 
verv  narrow,  seldom  exceeding?  17  or  18 
inches  in  breadth.  It  is  cut  from  the  loom 
in  ^  alf  pieces,  or  ends,  as  they  are  usually 


termed,  about  86  yards  long,  and  after 
undergoing  the  subsequent  operations  of 
dyeing,  dressing,  and  folding,  is  ready  for 
the  market. 

FUSTIC.  The  old  fhstic  of  the  English 
dyer,  as  the  article  fustet  is  their  yellow 
fustic.  It  is  the  wood  of  the  Moms  tino- 
toria.  It  is  light,  not  hard,  and  jHile  yel- 
low with  orange  veins ;  it  contains  two 
coloring  matters,  one  resinous,  and  an> 
other  soluble  in  water.  The  latter  resem- 
bles weld,  but  it  has  more  of  an  orange 
cast,  and  is  not  so  lively. 

Its  decoctions  in  water  are  brightened 
by  the  addition  of  a  little  glue,  and  more 
by  curdled  milk.  This  wood  is  rich  in 
color,  and  imparts  permanent  dyes  to 
woollen  stuffs,  when  aided  by  proper 
mordants.  It  unites  well  with  the  bine 
of  the  indigo  vat,  and  Saxon  blue,  in  pro- 
ducing green  of  various  shades.  Alum, 
tartar,  and  solution  of  tin,  render  its 
color  more  vivid ;  sea  salt  and  sulphate 
of  iron  deepen  its  hue.    From  five  to  six 

f)art.s  of  ola  fustic  arc  sufficient  to  give  a 
cnion  color  to  sixteen  parts  of  cloth.  The 
color  of  weld  is  however  purer  and  less 
inclined  to  orange ;  but  that  of  fustic  is 
less  artected  by  aoids  than  any  other  yel- 
low dye.  Tliis  wood  is  often  emploved 
with  Hulphate  of  iron  in  producing  olive 
and  brownish  tints,  which  agree  well 
with  its  dull  yellow.  For  the  same  rea- 
son it  is  much  used  for  dark  greens. 

GADOLINITE  or  YTTERITE,  is  a 
mineral  black,  brownish,  or  yellow  color, 
granular  or  compact,  vitreous  and  conchoi- 
dal  in  fracture;  of  spec.  grav.  4*28.  It 
readily  scratches  gloss,  and  melts  before 
the  blow-pipe  into  an  opaque  gloss,  and 
sometimes  with  intumescence.  Itaftbrds, 
with  acids,  o  solution  which  gives  with 
sodo  o  precipitate  partly  soluble  in  car- 
bonate of  ammonia.  It  contains  nearly  50 
per  cent,  of  tlie  eorth  yttria.  Its  remain- 
mg  constituents  ore  silica,  25-8,  oxide  of 
cerium  17-92,  oxide  of  iron  11-43.  This 
mineral  is  rare,  found  at  Fahlun  and 
Ytterlv  in  Sweden,  and  also  in  the  south 
of  Irefond.  Its  peculiar  constituent  was 
discovered  by  Dr.  Godoline,  hence  the 
name. 

GAGE  or  GAUGE.  In  architecture, 
the  lenjifth  of  o  slate  or  tile  below  the  lap ; 
also  the  measure  to  which  any  sn  bat  mice 
is  confined.  Plasterers  use  t^io  word  to 
sitrnify  the  greater  or  less  qjiuntity  of 
pljiHteV  of  Paris  u>ed  with  the  common 
plaster  to  accelerate  its  settincr. 

(taok.  In  physics,  an  instrument  or 
apparatus  for  nieaMurini?  the  state  of  a 
phenomenon,     (rayc  of  the  air  pumj)  is 
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mcrel]^'  a  barometer  oommanicating  with 
the  inside  of  the  receiver,  which  marks, 
in  the  usual  manner,  the  pressure  of  the 
air  within  the  receiver  by  the  height  of 
the  equiponderant  column  of  mercury, 
and  consequently  shows  the  degree  to 
which  the  air  is  rarefied.  A  short  bar 
rometer  may  be  employed  for  this  our- 
pose ;  but  in  this  case  it  will  not  be  affect- 
ed till  the  rarefaction  of  the  air  has  been 
carried  so  far  as  to  correspond  with  the 
length  of  the  tube.  An  instrument  for 
the  same  purpose,  but  on  a  different 
principle,  was  invented  by  Smeaton,  and 
from  its  form  caliecl  a  pear-gaffe.  It  is  a 
vessel  su9{)endcd  in  the  receiver,  and  ex- 
hausted to  the  same  degree ;  but  when 
the  rarefaction  i»  carried  us  fur  as  intend- 
ed, the  open  orifice  of  the  gage  is  let 
down  into  a  vessel  containing  mercury, 
which,  on  the  rcadmission  of  the  air,  is 
forced  up  into  the  pear,  and  the  degree 
of  rurefaction  is  juoged  of  by  the  ouan- 
tity  of  mercury  introduced.  The  iJea  is 
ingenious  ;  but  the  indications  given  by 
this  instrument  are  not  correct.  For 
f£'in*/-f/af/<',  see  Anemometer  ;  wattr-*ja<j€j 
see  Hydrometer. 

GALENA.  Sulphuret  of  lead,  found 
massive  and  in  cubic  crystals.  Color  is 
blue  trray,  like  lead,  but  brighter ;  lustre, 
metallic ;  breaking  into  cubic  fragments, 
BofY  but  brittle.  Spec.  grav.  7*22  to  7-.'>8  ; 
it  effervesces  with  nitric  and  hydrochloric 
acids,  and  contains  ft"oin45  to  83  percent, 
of  lead,  and  from  oft  to  1ft  of  i^ulplmr. 
It  also  contains  some  silvcraiui  ocrasiou- 
allv  antimonv,  zinc,  iron  and  bismuth.  Be- 
fore  the  blow-|)i])e  it  lU'crepitatc-^,  and  is 
decomposed  and  melted  on  the  charcoal, 
yielding  a  button  of  metallich'Ufl.  Sitmc- 
timea  as  much  as  100  oz.  of  silver  will  be 
found  in  a  ton  of  ore  ;  it  is  then  worked 
n»  a  silver  ore,  and  called  argent it'erous 
galena.  The  varieties  which  contain  most 
silver  are  not  the  most  lustrous,  being 
sometimes  black-jfray  ;  occasionally  ga- 
lena is  mixed  with  silcx  anrl  lime*,  and 
only  yields  50  percent,  of  lead.  Sulphu- 
ret of  lead  oc(Ui-s  in  })rimitivc  and  nu-ta- 
morphic  beds,  but  more  frc'iuontly  in 
the  upper  se<T»iidnrv,  esotcially  in*  the 
compact  bbie  limestone  altcrnatiiiir  witli 
fossiliferous  l)e(ls  ;  occasionjilly  it  is  found 
in  beds  of  c«>al.  and  bitumen  is  rnrrly 
found  in  its  veins,  Galma  i»*  abundant 
in  (ireat  Britain,  and  widely  disi)ei>ed 
over  tiiis  country.  The  mines  of  Missouri 
arc  very  rich  and  extensive,  and  >tillmore 
eothose  extendins/  throiiLrh  lilinoir;.  Iowa, 
and  Wisconsin,  of  which  (ialcna  is  tiie 
centre.     This  lead  region  enibraces  about 


three  thousand  square  milea  in  the  S.  E. 
of  Iowa,  extending  across  the  Mississippi 
into  Wisconsin  and  Illinois.  Most  of  the 
metallic  lead  is  obtained  fh>m  galena, 
and  contains  a  little  silver.  (See  Lead.) 
GALL  OF  ANIMALS,  or  OX-GALL, 
purijication  of.  Painters  in  water  colors, 
scourers  of  cloth,  and  many  others,  em- 

Elov  ox-gall  or  bile ;  but  when  it  is  not  puri- 
ea,  it  is  apt  to  do  harm  from  the  green- 
ness of  its  own  tint.  It  becomes  therefore 
an  important  object  to  clarify  it,  and  to 
make  it  limpid  and  transparent  like  wa- 
ter. The  following  process  has  been 
given  for  that  purpose.  Take  the  gall  of 
newly  killed  oxen,  and  after  allowing  it  to 
settle  for  12  or  15  hours  in  a  basin,  pour 
the  supernatant  liquor  off  the  se(^ment 
into  an  evaporating  dish  of  stone  ware, 
and  expose  it  to  a  Doiling  heat  in  a  water 
bath,  till  it  is  somewhat  thick.  Then 
spread  it  upon  a  dish,  and  place  it  before 
a  fire  till  it  oecomes  nearly  dry.  In  this 
state  it  may  be  kept  for  years  in  jelly  p>otB 
covered  with  paper,  without  undergoing 
any  alteration.  When  it  is  to  be  used,  a 
piece  the  size  of  a  pea  is  to  be  dissolved 
m  a  tablespoonful  ot  water. 

Another  and  probably  a  better  mode  of 
purifying  ox-gall  is  the  following.    To  a 
pint  of  the  giul  boiled  and  skimmed,  add 
an  ounce  of  fine  alum  in  powder,  and 
leave  the  mixture  on  the  fire  till  the  alum 
be  dissolved.    When  cool,  pour  into  a 
bottle,   which   is   to  be  loosely   corked. 
Now  take  a  like   qnautitv  of  gall,  also 
boiled  and   skimmed,   atfd  an  ounce  of 
common  salt  to  it,  and  dissolve  with  heat ; 
put  it  when  cold  into  a  bottle,  which  in 
likewise  to  be  loosely  corked.     Either  of 
these  preparations  may  be  kept  for  several 
years  witnout  their  emitting  a  bad  smell. 
After  remaining  three  months,  at  a  mode- 
rate  temperature,  they  deposit  a  thick 
sediment  and  become  clearer,  and  fit  for 
ordinary  uses,  but  not  for  artists  in  water 
colors  and  miniatures,  on  account  of  their 
vcllowisli-grcen  color.     To  obviate  this 
Hiconvenienoe,  each  of  the  above  liquors 
is  to  be  decanted  apart,  after  they  iiave 
become   perfectly  settled,    and  the  clear 
portion  of  both  mixed  together  in  equal 
parts.     Tiie  yellow  coloring  matter  still 
retained  by  the  mixture  coagulates   im- 
mediately and   precipitates,  leaving   the 
ox-L'all   perfectly  purified  and   c<;»lorles8. 
If  wi^he(l  to  U^  still  finer,  it  may  bo  passed 
throuirh  filtering  paper;  but  it  becomes 
cUarer  with    age,  and  never  acquires  a 
disa!,rreeal>Ie  smell,  nor  loses  any  of  its 
ifood  (lualities. 
Claniied  ox-giUl  combines  readily  with 


gal] 


OYCLOPKDIA  or  THE  USBFUL  ARTa 


199 


ooloring  matten  or  pigmentB,  and  gives 
them  solidity  either  by  being  mixed  with 
or  passed  over  them  apon  paper.  It  in- 
creases the  brilliancy  and  tne  durability 
of  ultramarine,  carmine,  ffreen,  and  in 
general  of  all  delicate  colors,  whilst  it 
oontribntes  to  make  them  spread  more 
evenly  upon  the  paper^  ivory,  &c  When 
mixed  with  gnm-arabic,  it  thickens  the 
colors  without  communicating  to  them  a 
disagreeable    glistering    appearance ;   it 

grevents  the  gum  from  cracking,  and 
xes  the  colors  so  well  that  others  may  be 
M>plied  over  them  without  degp'adation. 
Along  with  lamp-black  and  gum,  it  forms 
A  goc^  imitation  of  China  ink.  When  a 
coat  of  ox-gall  is  put  upon  drawing  made 
with  black  lead  or  crayons,  the  hues  con 
be  no  longer  effaced,  but  mav  be  painted 
over  safely  with  a  variety  ot  colors  pre- 
viously mixed  up  with  the  same  ox- 
gall. 

Miniature  painters  find  a  great  ad- 
vanta^  in  employing  it;  by  pasHing  it 
over  ivoiy  it  removes  completely  the 
unctuous  matter  from  its  sur&ce;  and 
when  ground  with  the  colors,  it  makes 
tiiem  spread  with  the  greatest  ease,  and 
renders  them  fast. 

It  serves  also  for  transparencies.  It  is 
first  passed  over  the  varnished  or  oiled 
paper,  and  is  allowed  to  dry.  The  colorB 
mixed  with  the  gall  are  then  applied,  and 
cannot  afterwards  be  removed  by  any 
means. 

It  is  adapted  finally  for  taking  out  spots 
of  grease  or  oil. 

GALL  OF  GLASS.  The  salts  and 
other  impurities  which  float  upon  the 
fused  materials  for  the  manufacture  of 
glass,  and  which  is  skimmed  off.  It  \b 
also  called  tandiver, 

GALLON.  An  English  measure  of 
capacity.  By  act  of  parliament  the  impc- 
riiu  gallon  is  to  contain  10  lbs.  avoirdu- 
pois of  distilled  water,  weighed  at  the 
temperature  of  62°  of  Fahrenheit,  and 
the  bfurometer  standing  at  SO  inchen. 
This  is  equivalent  to  277*274  cubic  inches. 
The  old  English  ^lon,  wine  measure, 
contwned  231  cubic  inches;  beer  mear 
sure,  282  cubic  inches. 

GALLIC  ACID.  (.S^  Gall-Nutb)  It 
is  composed  of  7  atoms  of  carbon,  8  atoms 
of  hydrogen,  and  5  atoms  of  oxygen. 

GALI^NUTS.  Excrescences  produced 
hj  the  cpi^pSy  a  small  insect  which  depo- 
sits its  eg^rs  in  the  tender  shoots  of  the 
Quercus  in^edoria,  a  species  of  oak  abun- 
dant in  Asia  Minor.  vVhen  the  magpot 
is  hatched  it  produces  a  morbid  excres- 
cence of  the  surrounding  parts,  and  ulti- 


mately eats  its  way  out  of  the  nidus  thus 
formed.  The  best  galls  are  imported 
from  Aleppo  and  Smyrna ;  their  prind- 
pol  ingredients  are  tan  and  gallic  acid. 
The  infVision  of  galls  affords  a  dense 
white  precipitate  in  solution  of  jolly,  and 
a  black  precipitate  with  the  persalts  of 
iron.  The  latter  property  leads  to  the 
use  of  galls  in  the  manufacture  of  ink  and 
black  dye ;  they  are  also  used  as  an  as> 
tringent  in  medicine. 

Galls  consist  principally  of  three  sub- 
stances; tannin  or  tannic  acidj  yellow 
extractive  ;  and  gallic  acid.  Their  decoc- 
tion has  a  very  astringent  and  unpleasant 
bitter  taste.  The  following  are  their  ha- 
bitudes with  various  re-agents : — 

Litmus  paper  is  jpoweriullv  reddened. 

Proto-chloride  or  tin  proauoes  an  Isa- 
bel-yellow precipitate. 

Alum ;  a  yellowish  gray  precipitate. 

Acetate  of  lead ;  a  thick  yellowish 
white  precipitate. 

Acetate  of  copper ;  a  chocolate  brown 
precipitate. 

Ferric  sulphate  (red  sulphate  of  iron) ; 
a  blue  precipitate. 

Sulpnuric  acid ;  a  dirty  yellowish  pre- 
cipitate. 

Acetic  acid  brightens  the  muddy  de- 
coction. 

The  galls  of  the  Quercus  Cerris  and 
common  oak  are  of  a  brown  color,  prickly 
on  the  surface,  and  irregular  in  shape 
and  size.  They  are  used  chiefly  for  tan- 
ning in  Huiijjiar}",  Dalmatia,  and  the 
Houthcrn  provinces  of  the  Austrian, 
states,  where  they  abound. 

Tannin  or  tan£Lic  acid  is  pf^pared  as 
follows  : — Into  a  long  narrow  ^lass  adopt- 
er tube,  shut  at  its  lower  orifice  with  a 
cotton  wick,  a  quantity  of  pounded  galls 
are  put,  and  sliglitly  pressed  down.  The 
tapering  end  of  tlio  tube  being  inserted 
into  a  matrass  or  bottle,  the  vacant  upper 
half  of  the  tube  is  filled  with  sulphurio 
ether,  and  then  dosed  witli  a  ground- 
glass  stopper.  Next  day  there  will  be 
found  in  the  bottle  in  two  distinct  strata, 
of  which  the  more  limpid  occupies  the 
upper  part,  and  the  otncr,  of  a  sinipy 
consistence  and  amber  color,  the  lower. 
More  ether  must  be  filtered  through  the 
galls,  till  the  thicker  liquid  censes  to  aug- 
ment. Both  are  now  poured  into  a  fun- 
nel, closed  with  the  finger,  and  after  the 
dense  liquor  is  settled  at  the  bottom,  it  is 
steadily  run  off  into  a  capsule.  This,  af- 
ter being  washed  repeatedly  with  ether, 
is  to  l)c  tranpfcrred  into  a  stove  chamber, 
or  placed  under  the  receiver  of  an  air- 
pump,  to  be  evaporated.    The  residuary 
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matter  swells  up  in  a  spon^  crystalline 
form  of  considerable  orilhimcy,  some- 
times colorless,  bat  more  frequently  of  a 
fiuntlv  jrellowish  hue. 

This  is  pure  tannin,  which  exists  in 
galls  to  the  amount  of  fVom  40  to  45  per 
cent.  It  is  indispensable  that  the  etner 
employed  in  the  preceding  process  be 
previously  agitated  with  water,  or  that  it 
contain  some  water,  because  bv  using 
anhydrous  ether,  not  a  particle  oi  tannin 
will  be  obtained. 

Tannic  acid  is  a  white  or  yellowish  so- 
lid, inodorous,  extreraelv  astringent,  very 
soluble  in  water  and  alcohol,  much  less 
80  in  sulphuric  ether,  and  uncr^^stalllza- 
ble.^  Its  watery  solution,  out  of  contact 
of  air,  undergoes  no  change ;  but  if,  in  a 
very  dilute  state,  it  be  lefl  exposed  to  the 
atmosphere,  it  loses  ffradually  its  trans- 
parency, and  lets  fall  a  slightly  grayish 
orystoliine  matter,  consisting  almost  en- 
tirely of  gallic  acid.  For  procuring  this 
acid  in  a  perfectly  pure  state,  it  is  merely 
necessary  to  treat  that  solution  thus 
changed  with  animal  charcoal,  and  to  fil- 
ter it,  in  a  boiling  state,  through  paper 
previously  washed  with  dilute  muriatic 
acid.  The  gallic  acid  will  full  down  in 
crystals  as  the  liquid  cools. 

Gallic  acid  is  always  produced  when 
any  substance  containing  tannic  acid  is 
exposed  to  the  air. 

Tannin  or  tannic  ncid  consists  of  car- 
bon 51-56;  hydrogen  4-20 ;  oxyeren  44-24. 

Gallic  acid  does  not  exist  ready  formed 
in  gallnuts,  but  that  is  produced  by  the 
reaction  o^  atmospheric  oxygen  upon  the 
tannin  oAhesc  concretions. 

Gallic  acid  ia  a  solid,  feebly  acidulous 
and  styptic  to  the  taste,  inodorous,  cr\'8- 
lallizing  in  silky  needles  of  the  greatest 
whiteness  ;  sohible  in  about  100  times  its 
weight  of  cold,  and  in  a  much  smuller 
(quantity  of  boiling  water;  more  soluble 
in  alcohol  than  in  water,  but  little  so  in 
sulphuric  ether. 

Gallic  acid  docs  not  decompose  the 
Bolts  of  protoxyde  of  iron,  but  it  forms, 
with  the  Rulpluite  of  the  peroxyde,  a  dark 
blue  precipitate,  much  less  in«oluhlc  than 
the  tannate  of  iron,  (iallic  acid  takes  the 
oxyde  from  the  acetate  and  nitrate  of 
lead,  and  throws  down  a  white  gallate 
unchangeable  in  the  air,  when  it  is  mixed 
with  that  acetate  and  nitnite.  It  occa- 
sions no  precipitate  in  solutions  of  gela- 
tine (isintrlass  or  glue),  by  which  its 
freedom  from  tannin  is  voritlcd. 

GALVANIZKI)  IKON  is  the  some- 
what funtjitttic  name  newly  given  to  iron 
tinned    by    a    peculiar    patent    process. 


whereby  it  resists  the  nisting  iniluenott 
of  dunp  air,  and  even  moisture,  much 
lon^r  tnan  ordinar]^  tin  plate.  The  fol- 
lowing is  the  prescribed  process.  Clean 
the  surface  or  the  iron  perfectly  by  the 
joint  action  of  dilate  aoid  and  friction, 
plunge  it  into  a  bath  of  melted  zinc,  ana 
stir  it  about  till  it  be  alloyed  superfldaUir 
with  this  metal ;  then  take  it  out,  and 
immerse  it  in  a  bath  of  tin,  such  as  ia 
used  for  making  tin  plate.  The  tin 
forms  an  exterior  coat  of  alloy.  When 
the  metal  thus  prepared  is  exposed  to 
humidity,  the  zino  is  said  to  oxydiae 
slowiy  by  a  galvanic  action,  and  to  pro- 
tect the  iron  from  rusting  within  it, 
whereby  the  outer  tinned  surface  remiuns 
for  a  long  period  perfectly  white,  in  cir- 
cumstances under  whidi  iron  tinned  in 
the  usual  way  would  have  been  superfi- 
cially browned  and  corroded  with  rust. 

GALVANISM.  (From  Galvani,  pro- 
fessor of  anatomy  at  Bologna,  the  disco- 
verer of  some  of  the  phenomona  connect- 
ed with  this  form  of  electricity  in  the  year 
1790.)  Under  this  term  are  frequently 
included  the  phenomena  of  VoUaic  «Z<y>- 
trhiti/  (which  see).  We  shall  here  limit 
it  to  the  apparent  evolution  of  electricity 
by  the  contact  of  different  metals ;  this  is 
beat  observed  by  the  muscular  contrac- 
tions which  are  produced  in  the  leg  of  • 
frog  recently  killed,  when  two  diff'cront 
metals,  suc^  as  zinc  and  silver,  tin  and 
gold,  «fec.,  one  of  which  touches  the  cru- 
ral nerve,  and  the  other  the  muscles,  are 
brought  into  contact.  Every  time  the 
metals  touch  each  other  the  Umb  be- 
come powerfully  convulsed  ;  and  if  the 
experiment  be  made  with  a  dead  rabbit, 
so  that  one  of  the  metals  be  in  contact 
with  the  brain,  and  the  other  with  the 
muscles  of  the  extremities,  the  whole 
body  of  the  animal  is  strangely  agitated. 
Similar  experiments  have  been' made  up- 
on the  bodies  of  criminals  shortly  after 
execution.  These  results,  whicli  have 
till  lately  been  considered  to  depend  up- 
on the  etTects  of  electricity  excited  by  the 
contact  of  the  metals  upon  the  nefvons 
and  muscular  systems,  led  Volta  to  his 
celebrated  researclies,  which  terminated 
in  tlio  discovery  of  the  Voltaic  Itatt^ry, 
Nearly  all  tlie  cases,  however,  of  the  ap- 
parent production  of  electricity  by  contact 
have  been  satisfactorily  troccd  by  Faraday 
to  chemical  action.  ('SV*- Voltaic Batteky.) 

GALVANOMKTER.  An  instrument 
for  ascertaining  the  presence  of  a  current 
of  electricity,  esprcijuly  Galvanic  or  Vol- 
taic electricity,  by  the  deviation  which  it 
occlusions  in  the  magnetic  needle.    The 
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simplest  fbnn  of  a  galvanometer  is  a  mag- 
netic needle  poised  upon  a  point,  and 
sarroanded  by  one  or  more  coils  of  cop- 
per wire  covered  with  Bilk,  the  ends  a 
and  b  being  either  left 
fVee,  or  teiininating  in 
J  two  small  copper  cups 
containing  mercurv,  for 
the  convenience  or  com- 

manation  with  the  source  of  electricity. 
When  this  needle  is  placed  panJlel  to  the 
ooil,  and  in  the  magnetic  meridian  (as  re- 

5 resented  in  the  margin),  it  immeoiately 
eviates  when  the  electric  current  passes 
through  the  coil ;  and  the  deviation  is  ei- 
ther to  the  east  or  west,  accordini^  to  the 
direction  of  the  current.  {See  £^xcrBO- 
HAGinmsic.) 

6AMB0GK  A  gum  resin,  concreted 
in  the  air  fi-om  the  milky  juice  which  ex- 
udes from  several  trees.  The  aamho^  | 
guUa^  a  tree  which  grows  wild  upon 
the  coasts  of  Ceylon  and  Malabar,  pro- 
duces the  coarsest  kind  of  gamooge; 
the  auUaefera  vera  {Stalagmites  camlxjgio- 
i^Us)  of  deylon  and  Siam  aflfbrds  the  best. 
It  comes  to  us  in  cyUndrical  lumps,  which 
are  outwardly  brown  yellow,  but  reddish 
yellow  withm,  as  also  in  cakes*  it  is 
opa<^ue,  easily  reducible  to  powder,  of 
specific  gravity  1'207,  scentless,  and  near- 
h'  devoid  of  taste,  but  leaves  nn  acrid 
feeling  in  the  throat.  Its  powder  and 
watcrv  emulsion  are  yellow. 

G  A^GUE.  A  term  to  denote  the  stony 
matter  which  fills  the  cavities  and  ac- 
companies the  ores  in  the  veins  of  metals. 

GAS.  When  solid  substances  are  ren- 
dered permanently  aeriform  by  heat,  the 
wr  thus  produced  is  called  a  gas,  to  dis- 
tinguish it  from  those  substances  which 
turn  to  the  solid  or  fiuid  states  when  the 
heat  is  abstracted. 

GAS  (Coal)  MANUFACTURE  OF. 
The  separation  ond  purification  of  the 
volatile  elastic  fluids  from  pit  coal,  which 
have  the  propcrtv  of  givinj?  out  light 
when  burned.  Tfiey  are  various  com- 
pounds of  carbon  and  hydroj^en,  accom- 
panied by  hydrogen  and  carbonic  oxide  in 
larflre  quantity. 

The  application  of  the  pases  produced 
daring  tne  destructive  distillation  of  pit 
coal  to  the  purposes  of  illuinination  is  a 
very  modem  invention.  But  the  pcnn 
of  it  may  be  traced  back  above  loO  years ; 
for  the  first  mention  of  the  prmiuction  of  a 
permanently  elastic  and  infianimable  pus 
li'om  coal  occurs  in  the  PhUojiopltunl 
TransactlonM  for  1780,  in  which  there  Ih  a 
paper  by  the  Rev.  Dr.  Clayton,  describinir 
a  method  of  filling  bladders  with  what  he 
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calls  the  tpiirii  of  coal,  obtained  by  distilling 
coal  in  a  retort  in  the  open  fire.  He  says, 
**  I  filled  a  good  many  bladders  therewith, 
and  might  have  filled  an  inconceivable 
number  more :  for  the  spuit  continued,  to 
rise  for  several  hours,  and  filled  the  blad- 
ders almost  as  fast  as  a  man  could  have 
blown  them  with  his  mouth,  and  yet  the 
quantity  of  coals  distilled  was  inconsiderar- 
ble.  I  kept  this  spirit  in  the  bladders  a 
considerable  time,  and  endeavored  several 
ways  to  condense  it,  but  in  vaiu ;  and 
when  I  had  a  mind  to  divert  strangers  or 
friends,  I  have  frequently  taken  one  of 
of  these  bladders   and  pricked  a  hole 
therein  with    a   pin,  and    compressing 
gently  the  bUidder  near  the  fiame  of  a 
candle  till  it  once  took  fire,  it  would  then 
continue  fiaming  till  all  the  spirit  was  com- 
pressed out  of  the  bladder ;  which  was 
the  more    surprisinar,   because   no    one 
<iould  discern  any  difference  in  the  ap- 
})earance    between    these    bladders   and 
those  which  are  filled  with  common  air." 
Dr.  Clayton  seems  also  to  have  observed 
those    curious  phenomena   which  have 
lately  excited  so  much  attention  under 
the  terms  «w>*wi/)«<?  and  erido^mme;  for  he 
goes  on  to  say  that  he  found  *'  that  this 
spirit  must  be  kept  in  good  thick  blad- 
ders, as  in  those  of  the  ox  or  the  like  ;  for 
if  1  filled  calves'  bladders  therewith,  it 
would  lose  its  inflammabilitv  in  twenty- 
four  hours,  thoucrh  the  bladders  become 
not  relaxed  at  all." 

Dr.  Hales  (in  his  Vegetahl^  SMtM  and 
Dr.  Watson  (in  his  Chemical  Eifmyn)  have 
each  alluded  to  the  properties  of  the  gas 
from  coal ;  but  it  was  not  until  the  end 
of  the  last  century  that  the  practicability 
of  substitutinp  coal  pas  for  other  inflam- 
mables, as  a  means  of  lierhting  streets  imd 
bnildinps,  became  an  object  of  attention. 
The  idea  of  applying  coal  pas  to  eco- 
nomical purposes  seems  first  to  have  oc- 
curred in  1792  to  Mr.  William  Murdoch, 
then  residinp  at  Redruth,  in  Coniwall. 
His  apparatus  consisted  of  an  iron  retort, 
with  tinned  copper  and  iron  tnl>es, 
throuph  which  the  pas  was  conducted  to 
a  considerable  distance ;  and  there,  as 
well  as  at  the  intermediate  points,  was 
burned  throuph  apertures  of  varied  forms 
and  dimensions;  he  also  washed  the  pas 
with  water,  and  used  other  means  for  its 
purification.  In  1798  Mr.  Murdceh  vim- 
strueted  a  larpcr  an«l  i)ii]»r<>ved  m>])ariitus 
for  the  jmriKiHe  of  liirhtiiiif  I^'ulton  mid 
Watt's  coKimited  inanufactorv  at  Soho, 
near  IVimiinphnin,  which,  on  tfie  oeonsion 
of  the  peaee  in  1m>2,  was  publicly  illumi- 
nated by  the  same  ineaiis. 
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Id  all  extensive  and  well  condaoted  es- 
tabliBbments,  the  processes  for  the  raan- 
nfacture  of  gas  are  similar  and  uniform 
in  the  various  stages.  A  great  extent  of 
ground  is  occupied  with  the  retort  house, 

Kurifyiug  chambers,  and  space  for  the 
irgo    gasometers.     The    arrangements 
are    similar    in    all.     They   are,    with 
slight  exceptions,  which  we  need  not  heed 
here,  as  follows  : — Each  side  of  the  retx)rt 
house  has  a  succession  of  arched  recesses, 
each  eight  or  ten  feet  high,  six  or  seven 
wide,  and  about  as  many  in  depth.  These 
recesses,    when    bricked    or    otherwise- 
closed  in  front,  form  ovens  or  furnaces, 
in  which  fuel  is  burnt  on  a  grate  at  the 
lower  part.    Five,  six,  eight,  or  more  ob- 
long iron  vessels,  each  holding  from  two 
to  three  bushels  of  coals,  are  ranged  ho- 
rizontally  in  this  oven,  from   front    to 
back,  so' that  the  heat,  flame,  and  smoke 
from  the  surface  mav  play  around  them, 
and  make  tliom  red-not.  *  The  outer  end 
of  these  vessels,  which  are  the  rttortu,  are 
left  opened  or  closed  as  occimiori  may  re- 
quire ;   an  iron  door,  cotinectcd  with  a 
screw,  bcintr  accurately  fitted  to  each  re- 
tort.    The  retorts  are  semi-cvlindrioal  in 
shape,  with  the  flat  side   placed  lower- 
most.    Tlie  averasre  height  of  tlic  retorts 
is  perhaps  about  five  feet  from  tiie  ground ; 
under  them  is  a  fire|)hicc,  through  whioli 
the  fuel  is  introduced  by  which  tiiey  arc 
heated;    and  under  this  airalii  is  a  kind 
of  a«h-pit  or  sliallow  vessel  into  which 
the  lime  water  is  poiire<l  tor  the  purpose 
of  evapora^icju.     Tlie  operation  tlieii  con- 
sists in  this  : — The  empty  retorts  are  first 
broiiirlit  to  a  red  heat;  tlien  a  '  cliiirire  (»t' 
coals'  is    introduced;    tlien    the  cover  is 
screwed  on  the  end,  an-i  made  air-tiirlit 
by  a  cement  of  elay  and  lime.     Thus  the 
retort>  remain  tor  aKoiit   five  hours,  dnr- 
ins;  wliicli  tlie  tircjihice  is  opc'n«'<l  everv 
hour  for   the    rmewal    ot'  the   fuel   with 
wliicli  the    retorts    are    hcate.l  ;    and    at 
the  end  of  this  time  all  the  iraseous  and 
vaporJAihlc  matters  havin.^r  \y.\\  x\n-  coal,  ! 
and  passed  up  frotn  each  n-torl  hv  a  j.ipe  ' 
into  the  'hy.fraulic  main,'  the  'drawing' 
of  the  ri'lcuts  '  eoMumnces.     The   rft'-rt" 
cover  is  lor.scned  hy  turnin-jr  a  ^.-rew  ;  a 
sliifht   e\[)h>si<.n  takes  pla«v   wln-n   couj- 
niunieation  witli  the  atm"-j)luTe  i^  ojumi- 
ed  ;    the   eoV(,-r  is  niii'>\,.,l   1,%-  the  sootv 
and  almost  firr-proof  han-K  ..f  the  me?!, 
and  the  coke  is  drawn  out   hy  means  of 
rakes  eii^ht  (»r  ten  tVet  loji.'.     A  kiiel  of 
box.   made  entirely   of"  iron,  an.]   pla<'<',l 
upon    wlu-els,    is     whe.lr.l    Ittucath     tlic 
front  of  the  n-torts,  an«l  into  it  a  i">rtl"n 
of  the    fiery   emrent'  of  ,-;,<li    rtf..rt    i,-« 


[  drawn.  The  box  is  wheeled  away,  and 
in  a  few  minutes  volnmee  of  steam  are 
ascending  profusely  from  it,  the  result 
of  a  plentiml  supply  of  water,  wliich  is 

I  thrown  on  it  for  the  sake  of  speedy  cool- 
ing. The  remainder  of  the  coke  is  then 
drawn  out  on  the  iron  floor  of  the 
building,  and,  after  being  partially  cool- 
ed by  water,  is  removed  out  mto  the  open 
air. 

In  the  upper  part  of  every  retort  is  an 
opening  from  which  ascends  a  vertical 
pipe  three  or  four  inches  in  diameter. 
The  gas,  as  it  is  formed,  having  no  other 
outlet,  ascends  this  pipe,  passes  thence  to 
another  pipe  placed  horizontally,  and 
then  enters  a  descending  pipe,  which 
dips  into  a  large  main  fourteen  or  fifteen 
inches  in  diameter.  This  main  is  placed 
horizontallv  along  the  whole  length  of 
the  retort-house,  and  receives  all  the  gas 
from  the  whole  range  of  retorts  on  one 
side,  there  being  two  mains  on  oppo- 
site sides  of  each  retort-house.  In  tneso 
mains  commences  that  purification  of  the 
gas  which  is  the  object  of  four  successive 

1  processes,  carried  on  in  four  distinct 
:ind8  of  apparatus,  viz.  the  hydraulic 
mains,  the  condensers,  the  purifiers,  and 
the  saturators.  As  may  be  rwidily  sup- 
j>osed,  the  transference  of  the  various 
products,  such  as  gas,  tar,  ammonitx^al 
liquor,  &c.,  from  vessel  to  vessel,  requires 
a  large  a.ssemblage  of  pipes,  some  of 
which  are  carried  undeiT^round,  and 
others  within  view. 

The  retort-houses,  such  as  have  just 
been  docribed,  arc  t'our  in  number;  two 
situated  in  the  northern  quadrangle,  and 
the  other  two  being  placed  parallel  and 
contiiTuousin  the  central  building  of  the 
southern  quadrangle.  To  these  a  series 
of  smaller  nxjnis  are  attached  to  the 
southern  end  of  the  retort-houses,  and 
within  view  from  the  entrance-gates. 
One  of  these  is  the  office  of  the  superin- 
teiuhnt  of  the  works,  and  the  other  two 
contain  very  inirenious  specimens  of  aj>- 
]>aratus  wherebv  he  can  regulate  thesuj>- 
•ly  of  :riis  at  all  hours  of  the  day,  calculate 
low  much  iras  has  ]>een  made  within  a 
i'ertain  period,  ascertain  the  rate  at 
which  it  is  being  manufactured  at  any 
1  •articular  time,  and  keep  a  check  over 
the  labors  ("f  the  men.  One  of  these 
room*,  is  called  the  '  valve-roofn,'  and 
contains  the  ap])aratus  fur  rcifulatinir  the 
pressure  and  sup]>ly  of  the  gas.  To  un- 
derstand the  r.se  of  such  appanitus.  it  is 
ncccs^arv  to  recall  to  minu  the  striking 
cliau'/c  which  occurs  throuirhout  a  lanje 
citv  as  evening  is  drawing  on.   The  lamp- 
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tioned,  Uid  called  tb 

hibiu  to  view  a  cn8l-iron  case,  about  tan 
feet  eqnare,  nod  seven  or  eight  feethiEb, 
oceupying  the  centre  of  the  room.  Od 
the  iVotit  are  eix  or  eight  email  diolH,  like 
clock-faces,  and  at  the  bacti  are  two  pipe* 
oaoendiag  through  the  floor,  and  entering 
the  caae-  All  the  gas  made  at  the  voru 
passes  into  this  case  or  "  meter"  by  one 
of  the  pipes  ju3t  spoken  of,  and  leaves  it 
bf  the  other.  The  meter  will  coDl^n  a 
certain  known  quantity  of  gas;  and  while 
this  qaantit;  is  psssiug  through  the  ma- 
chine, an  index  hand  is  caused,  by  ma- 
cbanistn  within  the  cage,  to  revolve  oncn 
round  a  dial-plate.  Every  ten  revolution* 
of  this  hand  censes  another  index  to  re- 

IntioDofathird  index;  and  so  on  through 
sii  successive  stages,  the  last  index  re- 
volting only  once  whUe  a  million  cubic 
feet  ofgas  are  pu«p 
■  The  superintendf- 


r^fnlaritv  would  occur.  To  obviste  those 
evils  is  the  object  of  the  pressure  appura- 
tus.  Around  the  vnlve-room  are  placed 
I'alvCB  connected  with  the  great  main. 
Ihero  are  sevenJ  mains  bran(?liinR  ont 
from  the  factory  in  as  many  ditferent  di- 
ndioiui,  for  the  supply  of  ditferent  parts 
of  the  town;  and  as  each  main  rcquireaa 
supply  of  g4B  proportionate  to  the  nature 
and  extent  of  the  district  through  which 
it  pafves,  a  pressure-apparatus  ia  attoche') 

atsUd  that  after  the  gaa  leaV 
tnetere  and  cntcrr  ■' *- 
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rn  placed 
ibe  lead- 
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the  eiacl  pressure  at  any  ilnic  of  the  day 
or  nifcht  is  determined/    So  long  as  the 
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preiMure  is  [«o  great,  tlie  valve  in  drawn 
partly  across  Ihe  main,  by  which  the  iiiip- 
ply  of  ga«  is  shickened :  it  Io<.  small,  the 
vijvc  is  opened  more  than  before,  to  ad- 
mitngreaicr  volume  ofgas.  Tliwe  od- 
ju..lnienls  are,  as  was  before  observed. 


isingthroujhlb' 
mt,  by  lookiM  ^ 


much  gas  has  passed  tvrough  the  meter 

d'iids"on"the'"l?.'o«  of  the  meter,  one  ot 
irhich  is  n  regu^r  clock,  and  the  other  aii 
ingenious  ar-"i(te"'"it  for  allowing  the 
rate  at  wh^'c"  'li«  P"  '8  paasmg  through 
the  met"-  M  any  particular  Imie. 

The  opcrBtions  of  a  gas  factory  are  in- 
teri^inable  ftmn  the  beginning  lo  the  end 
of  the  year.  No  cessation,  even  for  n 
moment,  occtirs  in  the  labors.  One 
partv  of  men  are  engaged  at  night;  bd- 
other  party  relieve  tlieni  after  an  interral 
of  twelveboum,  and  are  employed  bv 
day ;  but  the  fiimacea  are  always  heatcii, 
the  retorts  always  supplied  with  their 
flercely  burning  conlcutH,  the  gas  always 
undergoing  the  purifyinir  proccsnes  pre- 


«  pcrliBiis  than  most  otiier 
■«,liy  Iho  moveiiiciiti-  of  the 
lietlier  tlio  nnmlier  nctually 
inv  one  tiino  lie  (rrcater  "r 
ivitem  piiTwncd  is  nearly  )]>■ 
lie  W.PTkS  WC    llBVO  iioticwl, 
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izig'**  every  hoar.  It^  for  instance,  a 
charge  of  ooals  remama  Ave  hoars  in 
the  retort,  and  the  retorta  are  divided 
into  five  parcels  or  sets,  one  set  would  be 
filled  at  noon,  another  at  one  oMook,  and 
the  rest  at  two,  three,  and  fonr  respec- 
tively. Then,  by  five  o'clock  the  first  set 
of  retorts  are  ready  to  be  drawn ;  at  six 
o'dook  the  second  set ;  and  so  on  with 
the  others.  The  precise  arrangements 
need  not  be  entered  into,  but  it  will  suf- 
fice to  say  that  exactly  as  the  dock  stnkes 
each  successive  hour,  the  men  loosen  and 
remove  the  covers  of  the  retorts,  draw 
out  a  portion  of  the  coke  into  large  iron 
boxes,  draw  out  the  rest  upon  the  iron 
floor  of  the  retort-house,  throw  water 
on  the  coke  preparatory  to  its  removal 
from  the  retort-house,  rechaive  the  re- 
torts with  fresh  coal,  replenish  the  fires 
with  a  fresh  supply  of  coke,  and  fit  the 
covers— coated  on  their  inner  surface 
with  a  thick  layer  of  lime  and  clay  cement 
—firmly  on  the  mouths  of  th e  retorts.  In 
the  intervals  which  elapse  between  the 
succebttive  "  drawings,"  the  men  are  em- 
ployed in  pouring  the  lime-water  into  the 
troughs  be&eath  the  fireplaces,  in  placing 
new  layers  ol  cement  on  the  retort-covers 
to  be  used  afl%r  the  next  drawing,  in 
carrying  out  the  ctifee  into  the  open  air, 
and  afterwards  into  Uje  sheds  or  stores, 
in  bringinsr  coals  from  ^e  coal-stores  to 
the  retort-nouses,  in  removing  the  ashe«» 
which  fall  into  the  lime-waUr  in  the  ash- 
pit, and  in  various  other  dv^ties  sub- 
sidiary to  the  manufacture  of  gtn.  The 
subseauent  preparation,  or  rather  perfect- 
ing or  the  gns,  demands  but  a  8»qall 
amount  of  manual  labor;  it  is  in  fa«t 
performed  by  the  steam -enprine,  which 
pumoB  up  the  water  from  tlie  well,  trans- 
fers tVom  vessel  to  vessel  the  tar  and  the 
ammoniacal  liquor  abstracted  from  tlie 
jfas,  and  sets  in  rotation  the  arms  or  fans 
m  the  puri trying  vessels. 

There  is  perhaps  no  part  of  the  gas 
mechanism  which  requires  better  work- 
manship and  more  careful  attention  than 
the  pipes  which  convey  the  invisible 
agent  from  the  works  to  the  places  where 
it  is  consumed.  However  perfect  may 
be  the  mode  in  which  the  gras  is  manu- 
factured, however  plentiful  the  supply, 
yet  if  the  pipes  are  either  too  sinall  or 
too  large,  ir  tney  are  laid  either  too  hori- 
zontal or  too  ninoh  inclined,  if  any  of  the 
innumerable  joints  are  imporffctly  fitted, 
the  most  serious  inconvenience  results. 
The  mains  vary  from  three  inches  to 
eighteen  inches  in  diameter,  indepen- 
dent of  the  small  lateral  pipes  which  })ro- 


ceed  ftmn  the  mains  into  the  hoaa«B. 
The  largest  mains  are  placed  nearest  to 
the  gas-works ;  the  next  in  size  are  ap- 
propriated to  the  leading  streets  and 
thoroughfares ;  while  the  smaller  are  for 
the  less  important  lanes  and  streets. 
Where  the  streets  are  wide,  and  the  num- 
ber of  lights  required  large,  it  Ib  iisual  to 
lay  mains  on  both  sides  of  the  street ; 
and  the  diameters  of  these  mains  are 
made  to  depend  not  only  on  the  magni- 
tude and  importance  of  the  street,  but  on 
its  elevation,  its  distance  ttom  the  works, 
and  other  circamstanoes.  There  is  a  cir- 
cumstance attended  to  in  laying  down  the 
mains  which  is  perhaps  not  genenJlj 
known.  They  are  laid  with  a  gradoal  in- 
clination, amounting  perhaps  to  an  inch 
in  ten  or  twelve  yards,  instead  of  being 
horizontal ;  and  when  this  slope  has  con- 
tinued for  one  or  two  handrea  yards,  the 
mains  begin  to  ascend  in  a  similar  de- 
gree. The  line  of  mains  thas  ascends 
and  descends  alternately  throughoat  its 
whole  length.  The  reason  for  this  ar- 
rangement is,  that  a  small  deposition  of 
fluid  takes  place  in  the  mains ;  and  this 
fluid,  bv  flowing  down  the  indined  pipes, 
accumulates  at  the  lower  points,  where 
two  descending  lines  meet ;  here  a  reser- 
voir is  formed,  into  which  the  liquid 
flows,  and  by  the  occasional  use  of  a  small 
pump  from  above  the  inoonvenienoe  is 
removed. 

When  gas  is  made  from  coal,  the  selec- 
tion of  the  coal  becomes  an  object  The 
most  bituminous  is  most  desirable,  and 
what  is  termed  Cannel  coal  is  usually 
preferred.  The  Philadelphia  Gas  Com- 
pany use  Virginia  (Richmond)  coal,  while 
the  two  New  Yorlc  companies  use  two 
varts  of  Cannel  coal  and  one  part  of  New- 
c^ttlc.  The  compositions  of  these  two 
varittiea  are  given,  by  Bichardsou — 

N«w<>a«U«.  C«niH>l. 

Carb<«) &4R46      67  WT 

llydrocvn  ....  6-048      6-406 

NUrogen}-    8«0     •'-    12-482 

When  these  coa^«  are  heated  to  rednef^s 
in  dosed  vessels,  the  following  process 
results  :— A  coalv  residue  (coke)  remains, 
and  certain  volatile  products  escape, 
wliich  partly  condense  on  cooling  into 
tar  and  an  aqueous  fluid,  while  the  rent 
is  a  mixture  of  jLrJi.ses,  but  contains  also  no 
inconsiderable  portion  of  the  volatile  va- 
pors of  dirtcrent  compounds,  which  re- 
iniiin  di'<solvcrl  in  the  coal  ffases  without 
bcintr  condensed  into  liouius.  These  are 
oily  products,  mostly  hyaro-carbous.  with 
a  large  jiroportion 'of* carbon  ;   to  these 


MoDg  kyvio),  leaci^  pTTolc,  rosolio  ind 
cubonic  iddB  uid  nsptbaline:  most  of 
theu  ooutais  M  percect.  of  carlxui,  nap- 
thiline  as  much  us  M  per  cent.,  uid  in 
bnming  they  doponit  it  id  giealeT  quan- 
tity than  oteflant  g<s.  Ttienc,  therefore, 
enliuicB  very  much  the  illnmiimting 
pover  of  the  gaa.  TliamiDotiDg  gtx  U 
not  a  defiolte  corapoond  of  one  or  two 
guea,  M  okrbnrcttod  hydrogeii  or  olefl- 
dirt  gns,  bill  11  metliiimeul  iii'i^flLiri'  '.f 
very  vurioun  boilies,  sumu  nf  ii  ■  jr. 

onl^  ■ii||htl;  luminous,  nouu-  i> 

prgjndioal  for  iilaini  nation,  «  I 


OTOLOPKDU   or  m  OBBFUL  iRIB. 


iij  disUJUnB  coal,  we  have  left  l*hind 
the  solid  coie  in  the  retort,  uti.l  then  an 
given  off,  u  volatile  mutters,  ri  iiiiuilwi 
of  gSMn^  VD^ra,  and  litjiiid-  it  l.icli 
eepM«temtheirpaaBoe«,iuiil  rm' r.  I  ■  cil 
Id  the  t«r-^a»Wm  uid  csmilm-  r.      1 1  i 

on  ridistillinff,  yiclt!?  pitch,  <'"iLl  ■■.!    i  -p- 


The  gases  and  vapom  maj  be  divjijefl 
iDto  three  daaaee.  Fitat,  those  separated 
by  the  lime  pnrifler,  viz.  carbonic,  hjdro- 
■ulphuric,  at^d  bydrocyanic  acidn  andam- 
monim.  tieoond,  those  separated  b^ 
water  orinthealnm,  or  green  vitriol  pnn- 
fler,  vix,  ammonia  (andliydrooyanic  acid 
hy  green  vitriol).  Tliird,  Ihoae  which 
paas  on  to  the  guomet«r,  viz.  trace  of 
oaptha  vapor,  trace  of  vapor  of  Bulphuret 
t«rbon,  nitrogen,  hydrogen,  carbonic 
oxide,  light  carbuietted  hydrogeii,  and 
olcAant  gas. 


Thea. 


comes  offj  si>  the  heat  approaches  red- 
nesB,  Ur  is  disengaged,  but  only  a  amall 
proportion  of  gas  crlao'  a  rtd  h/at ;  wid 
aneh  gaa  has  a  feeble illumiiuiting  power; 
when  the  retort  in  heated  bright  nd,  the 
evolation  ofgm  ia  at  ila  maximum,  but  tar 
i*  still  produced,  though  alowly.  At  a 
white  heal,  carried  on  fiT  two  bouni,  the 
tar  is  small  in  proportion,  that  of  tin'  gas 
is  still  larire,  but  decreasing.  At  Icniftli, 
the  gaa  ceiise"  to  be  given  off.  Mr.  Peck- 
■lon  B  table,  siiowingthe  relative  amount 
of  gM  given  off  (Vam  one  chaldron  of 


Newcastle  coal  at  different  period*  of  the 
process,  iliagtratea  this— 

In  lit.   boor WDM  cuUg  lent. 


Totsl In  B bonis... .10,000  coble  bet. 

The  compositionaQdillnminatiii^  power 

of  ^as  produced  at  different  pcnoda  of 

^1      ■       •  V  i„.-i,knilily.     The  gas 

■     ■    ■  ■!  I    ■  ■'■    ii.i   r. ;  lit  I"  red  hot,  con- 


duced  at  a  bright  rL_  .     ..    . 

larger  portion  of  olchitiil  ;.':£  and  vapora 
of  hydro-ciirbons,  thnu  \\\,iA  is  formed  at 

iill.ii.'Ti    udiUiii.  i'^  Ihu   tcLijperatnre  iu- 
proportion  of  lUuminating 


of  carbonic  oxido 
and  hydrogen  incroaaea  in  proportion. 
The  density  oftbe  gas  is  also  in  some  de- 


fVom  Cannel  coal,  at  different  periods  of 
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No.  1,  2,  and  8  wore  produced  during  the 
first  honr,  4  at  the  commencement  of  the 
fith  hour,  and  No,  5  10  hours  from  be- 
ginning. 

After  those  various  liquid  aud  gase- 
ous subelanecs  are  obtained,  they  have 
to  be  separated  so  aa  to  inolale  tl'ic  tltu- 
minMinggases  :  the  flrst  step  is  to  pass 
the  whole  of  the  volatile  matters  through 
the  condciuer.  The  warm  gasca  which 
issue  [have  a  tendency  to  condense  and 
stop  up  the  Itibes]  are  cf>iidiu'ted  to 
tho  mJrri  or  eon-lfnitri.   which  aw  of 

sislB  or  BU  iron  chm  HDcd  witli  wnier, 
and  having  a  IiiIbk  bultom;  a  Beries  of 
tubes  connected  by,  saddle  joints  are  in 
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the  box.  The  lower  ijart  of  this  i&  di- 
vided into  cells  in  which  the  fluids  col- 
lect until  they  reach  the  level  of  a  draw- 
ing-off  tube,  and  they  are  thus  separated 
— other  condensers  consist  of  a  high  per- 
pendicular tank,  with  a  system  of  zig-zaff 
gas  tubes,  over  which  an  uninterrupted 
shower  ot  water  rains  from  above.  On 
leaving  the  condenser  the  whole  of  the 
gases  arc  still  retained ;  several  of  those 
are  useless,  as  carbonic  oxide  and  hydro- 
gen, which  burn  with  a  very  slight  evo- 
Intion  of  light,  and  only  tend  to  dilute 
the  gas :  others,  on  the  contrar^^,  are  det- 
rimental, as  ammonia,  combmed  with 
carbonic,  muriatic,  and  sulphuric  and 
sulphurous  acids  and  sulphuretted  hydro- 
gen. The  purification  of  the  gas  only 
removes  the  latter  class,  not  the  former. 

The  lime  purifier  consists  of  a  cham- 
ber containing  milk  of  lime,  stirred  up 
with  water,  and  agitated  with  a  stirrer : 
the  gas  is  passed  throuffh  it  in  a  very 
fine  stream  of  bubbles.  This  removes  the 
carbonic  acid  and  sulphuretted  hydro- 
gen, but  appears  to  diminish  the  illumi- 
nating power  of  the  gases.  To  separate 
the  ammonia  a  solution  of  alum  is  some- 
times used.  Protosulphate  of  iron  has 
been  used  for  the  same  purpose.  Dilute 
sulphuric  acid  removes  tlie  ammonia 
much  more  rapidly,  forming  a  sulphate 
of  ammonia,  w-hich  is  produced  in  pas 
works  in  large  quantity,  and  is  sold  either 
to  farmers  as  manure,  or  to  manufacturers 
for  the  formation  of  other  salts  of  am- 
monia. Washing  the  pns  with  water,  will 
by  itself  separate  the  ammonia.  Mallet 
proposes  to  transmit  the  ^ais  throutjh 
two  purifiers,  one  a  solution  of  green 
vitriol  or  sulphate  of  mantranese,  and  tlie 
other  one  or  milk  of  liine.  This  is  the 
most  profitable  and  least  laborious  nhm. 

When  jfos  has  been  thusprcparecl  and 
purified,  it  has  a  eoin]n)sition  variable  as 
the  coal  used,  and  the  heat  und  time  of 
the  operation.  The  composition  marked 
Tso.  1  in  Henry's  table,  is  a  very  pure  eas. 
iJuring  the  present  year,  while  ]>ui)lie 
attention  in  New  York  was tnnud  toward 
the  cost  and  purity  of  j/as,  the  two  tras 
companies  of  that  eitv  (the  Maidiattan 
<'o.  and  the  New  Yor"k  Co.)  jointly  re- 
quested Drs.  Torrey,  Kllet,  aiul  Chilton, 
to  undertake  a  thorough  itivestijLration 
and  analysis  of  the  pases  of  both  eoin- 
panies,  tis  well  as  that  of  tlie  Philadel- 
phia City  (»as  Co.,  and  the  report  of 
these  chemists  a])i>eared  on  tlie  'J'Jd 
May.  The  plan  of  their  iuvej«ti[ratinn 
and  character  of  the  experiments  were 
thorto  mos*t  likely  to  insure  acr-ura^'  and 


involve  means  of  detection  not  previously 
used  in  Eutopo.  The  following  is  an  al>- 
stract  from  their  report : — 

"  The  following  we  believe  represents 
the  true  constitution  of  the  Philadelphia 
gas,  as  delivered  to  the  oonsumere  rrom 
April  15th  to  April  24th,  and  of  the  Man- 
hattan and  New  York  Companies^  gases 
from  April  24th  to  May  22d. 


by  Chlorine,  ^Hjdro-Cju.^ 

Light  Carburetied  Hydrogen 

Carbonic  Oxide. 
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*^A11  of  the  gases  are  effectually  cleansed 
from  carbonic  acid  and  from  sulphuret- 
ted hydrogen,  not  the  slightest  traces  of 
either  of  tliem  being  discernible  by  the 
most  delicate  re-agents.  The  lime  puri- 
fiers seem  to  perfonn  their  office  tho- 
roughly, and  the  gases  have  a  less  offen- 
sive odor  than  was  formerlv  the  case. 
Ammonia  has  been  detected  in  all  of 
them,  but  the  quantity  is  very  minute, 
and  lias  not  yet  been  estimated. 

*'  It  will  be  seen  from  the  above  results 
tliat  the  New  York  gases  resemble  each 
other  very  closely,  (as  might  have  been 
anticipated,)  since  their  manufacture  is 
conducted  as  nearly  as  possible  in  the 
same  way,  and  the  materials  employed 
in  their  production  are  the  same,  viz., 
two-t hints  of  Catniel  coal,  and  one-third 
of  Newcastle  coal.  They  have  both  an 
advantage  over  the  Philadelphia  ir:vs 
in  the  jjreater  relative  quantity  ot  their 
two  most  valuable  constituents,  vix., 
oletiant  tjas,  and  hydro-carlx»n  vapors. 

*'Photonietrical  processes  are  obviously 
the  most  reliable  for  determining  the 
relative  Uluminatimj  rnlue  of  ditferent 
^ases,  and  thev  accordingly  have  not 
l)een  neirlected  bv  us.  The  comparisons 
have  been  made  by  meons  of  a  standard 
ejuulie  of  .Judd's  manufacture,  which 
itself  has  been  compared  with  a  standard 
eandle  used  in  the  Enfflish  gas  works, 
and  which  had  been  employed  within  a 
few  months  in  detenninme  the  relative 
value  of  their  prodnets.  We  have  thus 
bet/n  enabled  to  compare  the  illuminating 
values  oi"  the  American  gases  on  which 
we    hnv<»    evpf-riniented,    not  only   with 
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each  oth«i^  bat  alto  with  thoM  of  Great 
Britain.  It  resalts  from  our  experiments 
that  no  appreciable  difference  in  this 
respect  exists  in  the  New  York  groses, 
the  alight  excess  of  oleflant  gas  and  hy- 
dro-carbon vapors  in  the  one,  bcintr  com- 
penaated  bv  the  greater  quantity  or  light 
earburettea  hydi^en  in  the  other. 

^*  The  quality  oi  these  gases  we  believe 
to  be  better  than  that  of  most  of  those 
manufactured  in  the  principal  cities  of 
Great  Britain,  and  if  excelled  by  any  of 
them,  it  is  only  by  those  which  are  de- 
rived from  pure  Cannel  coal. 

**  We  And  that  the  New  York  gases  are 
of  decidedly  superior  value  to  that  manu- 
factured in  Philadelphia,  and  that  to 
obtain  a  certain  definite  quantity  of  ligfvt^ 
we  must  employ  them  in  quantities 
represented  by  the  following  numbers — of 

Manhattan  Gas, 100    cubic  feet, 

New  York  Company's  Oaa. ...  100       »       ^ 
Philadelphia  Ga^ 122.3    "       *« 

**  Ihe  values  of  these  gases  as  sources  qf 
Uffht  are  of  course  in>versely  as  these  numr- 
bers, 

**  We  do  not  attach  much  importance  to 
specific  gravity  as  exhibiting  the  worth 
of  an  illuminating  gas.  Carbonic  oxide, 
and  nitrogen,  (the  one  of  very  little  value, 
and  the  other  absolutely  worthless^  are 
slways  present  in  these  gases,  and  are 
both  identical  in  specific  gravity  with 
oleflant  gas,  which  is  one  of  their  most 
valuable  constituents;  a  circumstance 
which  renders  the  test  an  unreliable  one, 
except  in  connection  with  other  charac- 
ters. We  have,  however,  made  many 
trials  on  these  gases,  and  have  found  that 
the  specific  gravity  of  the  Philadelphia 
eras  is  below  450,  while  that  of  both  the 
Manhattan  and  New  York  Companies^ 
gases  is  on  the  average  550,  atmospheric 
air  being  1000. 

Good  gas  furnished  at  moderate  prices 
is  still  a  desideratum,  and  hau  led  to  the  use 
of  camphene  and  water  giw  manufactured 
on  a  small  scale.  The  cost  of  coal  >fa-s 
tnii^ht  be  diminished  by  the  sale  of  the 
waste  substances  produced  as  Coke,  Sul- 
phate of  Ammonia,  GavS  Lime,  and  Tar. 
i^Ser  Oil  (^as,  Rksix  Gas,  and  W ateu  Ga^.  ) 

GAUGEr-POINT,  is  a  term  ui^ed  in 
gauging  to  denote  the  diameter  of  a  cy- 
nnder  whose  altitude  is  one  inch,  and  its 
contents  equal  to  that  of  a  unit  of  a  given 
measure.  For  example,  the  old  wine 
gallon  contained  821  cubic  inches.  The 
diameter  of  a  cylinder  of  the  same  cajni- 
city,  and  whose  altitude  is  one  inch,  in 
17'l5  inches;  which,  therefore,  is  the 
gs'ijje-point  for  this  measure. 


GAUGING,  in  mensuration,  is  the 
measuring  of  the  capacities  of  vessels, 
chiefly  casks,  barrels,  vats,  <&c.,  and  de- 
termining the  contents  of  the  substances 
contained  in  them.  The  principles  of 
gauging  are  those  which  geometry  fur- 
nishes for  the  measurement  of  solids  in 
general :  but  as  the  contents  of  vessels  of 
the  kina  now  mentioned  are  so  frequent- 
ly required  to  be  known,  at  least  approxi- 
mately, for  the  purposes  of  commerce 
and  the  collection  oi  the  revenue,  a  set 
of  technical  rules  and  appropriate  instru- 
ments have  been  contrived,  by  the  help 
of  which  the  art  can  be,  and  generally  is, 
practised  mechanically  by  those  who  are 
utterly  ignorant  of  the  principles  on 
which  it  depends.  The  instrument  ge- 
nerally used  for  the  purpose  is  the  aaug- 
in^i^rod^  or  diagonal-rod^  by  which  the 
contents  of  a  cask  are  inferred  from  its 
diagonal  length,  measured  fVom  the  bung 
to  til e  extremity  of  the  opposite  stave  at 
the  head.  On  one  face  of  a  square  rule, 
generally  about  four  teet  long,  is  a  scale 
of  inches  for  taking  the  measure  of  the 
diagonal ;  and  on  the  opposite  face  is  a 
scale  expressing  the  corresponding  con- 
tents of  the  cask  in  gallons.  It  is  obvi- 
ous that  this  method  of  proceeding  can 
only  give  approximate  results,  on  the 
suf^position  that  all  casks  ore  similar 
solids. 

GELATINE  is  an  animal  product  which 
is  never  found  in  the  humors,  but  it  may 
be  obtained  by  boiling  with  water  the 
sofl  and  solid  parts  ;  as  the  muscles,  the 
skin,  the  cartilages,  bones,  ligaments, 
tendons,  and  membranes.  Isinglass  con- 
sists almost  entirely  of  gelatine.  This 
substance  is  very  soluble  in  boiling  wa- 
ter:  the  solution  forms  a  tremulous  mass 
of  icily  when  it  cools.  Cold  water  has 
little  action  upon  gelatine.  Alcohol  ond 
tannin  (tannic  acid,  see  Gai-l-ntts)  pre- 
cipitate gelatine  from  its  solution;  the 
former  by  abstracting  the  water,  the  lat- 
ter bv  eonihining  with  the  substance 
ithclf  mto  an  insoluble  compound,  of  the 
nature  of  leather.  No  othei  acid,  except 
the  tannic,  and  no  alkali  posseHses  the 
property  of  precipitating  gelatine.  But 
chlorine  ond  certam  salts  render  its  solu- 
tion more  or  less  turbid ;  as  the  nitrate 
and  bi-chlori(le  of  mercury,  the  proto- 
chloride  of  tin,  and  a  few  others.  Sul- 
I»huric  acid  converts  a  solution  of  irelatine 
at  a  boiling  heat  into  sujrar.  {St*  Lione- 
ors  FntRE.)  (ielatine  t-onsists  of  carbon, 
47 -HS ;  hydrogen,  7*91  ;  o.vygen,  27-21 
{See  Gm'E.) 

G^lotin*=  hrut  fin,  is  from  the  skulls, 
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blade-bones,  and  shank-bcmes  of  sheep, 
the  ends  cut  off,  the  bones  cut  down  the 
middle  to  remove  the  fatj  steeped  in  mil- 
riatio  add,  then  in  boiling  water  a  few 
minutes,  wiped  carefully,  dried,  shaken 
tojifether  in  a  bag  to  remove  the  internal 
pellicle,  cut  across,  or  into  dice^  to  dis- 
guise them,  and  finally  dipped  in  a  hot 
solution  of  gelatine  to  Varnish  them.  It 
is  used  to  make  soup,  keeps  better  than 
the  cakes  of  portable  soup;  and,  less 
carefully  prepared,  makes  carpenters^ 
glue  for  fine  work. 

Very  recently,  a  very  beautiful  spark- 
ling gelatine  has  been  prepared  under  a 
patent  i^ranted  to  Messrs.  J.  <&  G.  Cox, 
of  Edtnburgh.  By  their  process  the  sub- 
stance is  rendered  perfectly  pure,  while 
it  possesses  a  gelatinizing  ^orco  superior 
even  to  isinglass.  It  makes  a  splendid 
calves^  feet  jelly  and  a  milk-white  blanc- 
mange. The  patentees  also  prepare  a 
semi-solid  gelatine,  resembling  jujubes, 
which  readily  dissolves  in  warm  water, 
as  also  in  the  mouth,  and  may  be 
employed  to  make  an  extemporaneous 
jelly. 

The  gelatine  of  bones  may  be  extracted 
best  by  the  combined  action  of  steam 
and  a  current  of  water  trickling  over 
their  crushed  fragments  in  a  properly 
constructed  apparatus.  When  the  ^'ela- 
tine  is  to  be  used  as  an  alimentary  arti- 
cle, the  bones  ought  to  be  quite  fVesh, 
well  preserved  in  brine,  or  to  bo  dried 
stronsrly  by  a  stove.  Bones  are  best 
crushea  by  passing  them  between  ^rrooved 
iron  rolls.  The  cast-iron  cyliiulers  in 
which  they  are  to  be  steamed,  should  be 
three  times  firreater  in  leiieth  tlian  in 
diameter.  To  obtain  1,000  rations  of 
gelatinous  soup  daily,  a  eharcre  of  four 
cylinders  is  recjuired*;  each  bcinnr  3i  feet 
long,  by  14  ineries  wide,  capable  of  hold- 
ing 70  lbs.  of  bones.  These  will  yield 
each  hour  a]>out  20  gallons  of  a  stronjr 
jelly,  and  will  require  nearly  1  gallon 
of  water  in  the  fonn  of  steam,  and  5  tral- 
lons  of  water  to  be  passed  throutrh  them 
in  the  linuid  state.  The  5  quarts  of  jelly 
prodneea  hourly  by  each  cylinder,  pro- 
ceeds from  the*  1  quart  of  steam-water 
and  4  (uiarts  of  pereolatinir  water. 

GEMS  are  precious  stones,  whicli.  by 
their  color,  Innpidity,  lustre,  brilliant 
polish,  purity,  and  rarity,  are  souirlit 
alter  a«*  objects  of  dre-«s  an«l  dceonitioii. 
They  form  the  nrineipal  j)art  of  the 
crown  jewels  of  KiUirs,  not  only  from 
tlieir  beauty,  btit  because  they  are  sup- 
posed to  eomprise  the  srrcatcst  value  in 
the   smallest   Uulk ;    for  a  dianion«l,  no 


larger  than  a  nut  or  an  aoom,  mBjhe  the 
representative  sign  of  the  territorial  valae 
of  a  whole  country,  the  equivalent  in 
commercial  exchange  of  a  hundred  for- 
tunes, acquired  by  severe  toils  and  pri- 
vations. 

Among  these  beantiM  minerala  man- 
kind have  agreed  in  forming  a  secret 
dass.  to  which  the  title  of  aemt  or  jewdt 
has  oeen  appropriated;  wnile  the  term 
preciotu  ttanes  is  more  particnlarly  given 
to  substances  which  often  occur  under  a 
more  considerable  volame  thanjinettonm 
ever  do. 

Diamonds,  sapphires,  emeralds,  mbios, 
topazes,  hyacintns,  and  chrysoberyls,  are 
reckoned  the  most  valuable  aemt. 

CiTstalline  quartz,  pellucid,  opalesoent, 
or  of  various  hues,  amethvst,  lapis  lazuli, 
malachite,  iasper,  agate,  ac,  are  ruikea 
in  the  mucn  more  numerous  and  inferior 
class  of  ornamental  stones.  These  dis- 
tinctions are  not  founded  upon  any  strict 
philosophical  principle,  but  are  regulated 
oy  a  conventional  agreement,  not  very 
well  defined ;  for  it  is  impossible  to  sub- 
ject these  creatures  of  fashion  and  taste 
to  the  rigid  subdivisions  of  science.  We 
have  only  to  consider  the  value  currently- 
attached  to  them,  and  take  care  not  to 
confound  two  stones  of  the  same  color, 
but  whicli  may  be  very  differently  prizea 
by  the  virtuoso. 

Gems,  Artificial.  These  are  made  of 
a  very  fusible,  transparent,  and  dense 
glass,'or  pasU^  as  it  is  calica,  containing 
a  larsje  proportion  of  oxide  of  lead,  and 
generally  some  borax  :  the  colors  are 
given  by  metallic  oxides.  Much  of  their 
perfection  depends  uoon  the  skill  with 
which  the  exact  tint  or  the  real  stone  is 
imitated,  and  upon  the  care  with  which 
they  are  cut  and  polished. 

Mr.  Ebelman,  Director  of  the  National 
Porcelain  Manufaetorj*  of  Sevres,  has  dis- 
solved in  boric  acid,  alum,  zinc,  macne- 
sia,  oxides  of  iron  and  chrome,  and  then 
subjectinif  the  solution  to  evaporation 
during'  three  days,  he  has  obtained  crj's- 
tals  e*pialling  inhardness,  elenmess,  and 
beauty  the  natural  stones.  With  chrome 
lie  has  made  most  brilliant  rubies,  from 
two  to  three  millimetres  in  length,  and 
as  thick  as  a  crrain  of  com.  He  has  also 
made  artificially,  diaphonons  quartz,  hy- 
dropbane,  and  cluilciKlony. 

GEN  KVA,  or  Hollands  grin,  is  made  by 
mashiijir  120  lbs.  of  malt  with  240  lbs.  of 
ryo  tlour,  in  4S0  gallons  of  water  at  I'^S^. 
Yeast  is  added  at  80° :  and  in  two  days 
the  fenneiitation  raises  it  to  90°.  The 
\>liol(',  ijrains  and  all,  is  then  subjected 
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to  three  difltilladoniL  and  before  the  last, 
Juniper  berries  and  hope  are  infased. 

G£OD£S.  Bound  masses  or  no- 
dales  of  iron-stone,  hollowud  in  the  cen- 
tre. Bounded  pebbles  having  an  internal 
cavity,  lined  with  crystals,  are  also  so 
called. 

GEODESY.  A  word  oocasionally  nsed, 
which  literally  signifies  the  division  of  the 
tfOfiA.  in  which  sense  it  is  synonvmons 
with  land  surveying ;  but  it  is  usuaUy  em- 
ployed in  a  more  general  sense  to  denote 
that  part  of  pra^^tical  geometry  which  has 
for  its  object  the  determination  of  the 
magnitude  and  fi^re  either  of  the  whole 
earth,  or  of  any  given  portion  of  its  sur- 
huoe.  In  this  sense  it  comprehends  iJl 
the  geometrical  or  trigonometrical  opera- 
tions that  are  necessary  for  constructing 
a  map  of  a  country,  measuring  the 
lengths  of  degrees,  Ac  In  order  to  oon- 
Btruct  an  accurate  map,  or  determine  the 
fi>nn  and  dimensions  of  a  country,  it  is 
necessanr,  in  the  first  place,  to  determine 
the  absolute  distances  oetwecn  the  seve- 
ral stations  or  points;  secondly,  to  de- 
termine the  azimuths  of  the  Imes  thus 
measured,  that  is,  their  situation  with 
respect  to  the  meridian ;  and  thirdly,  the 
dinerenoes  of  latitude  and  longitude  of 
the  stations.  The  operations  necessary 
for  determining  the  absolute  di:»tanccs, 
comprehending  the  measurement  of  a 
base,  the  observation  of  angles,  the  com- 
putation of  the  sides  of  the  triangles,  and 
their  reduction  to  the  same  level,  are 
called  the  aeodencal  or  geodetical  operas 
tions;  while  those  which  are  required 
for  determining  the  azimuths  and  lati- 
tudes are  called  the  astronomical  opera- 
tions. The  determination  of  the  f^rure 
and  dimensions  of  the  earth  is  a  problem 
of  very  great  importance  to  astronomy 
and  geography,  and  has  accordingly  at 
all  times  been  a  subject  of  much  interest 
to  mathematiciNns  ;  but  it  is  only  since 
towards  the  middle  of  the  last  century 
that  operations  on  an  adequate  scale  for 
its  solution  have  been  undertaken  in  dif- 
ferent parts  of  the  world.  Further  de- 
tails do  not  come  within  the  scope  of 
this  volume.    Ses  THioooLrrx. 

GEBMAN  8ILVEB.  Ses  close  of  the 
article  Coprbr 

GEBMINATION,  or  Buddino.  The 
nrocess  by  which  a  plant  is  produced 
m)m  a  seed.  The  phenomena  of  germi- 
nation are  best  observed  in  dicotyledo- 
nous seeds;  such,  for  instance,  ns  the 
bean,  pea,  Innin,  Ac  Tliese  seeds  con- 
sist or  two  lobes  or  cotyledons,  enveloped 
in  a  common  membrane;  when  this  is 


removed  a  small  projecting  body  is  seen, 
which  is  that  part  of  the  germ  whidi  H- 
terwordn  becomes  the  root,  and  is  termed 
the  radicle :  the  other  portion  of  the 
germ  is  seen  on  carefully  separating  the 
cotyledons,  and  is  termed  the  plumula  / 
it  afterwards  forms  the  stem  and  leaves. 
When  the  ri|)e  seed  is  removed  from  the 
parent  plant  it  oradually  drieSj  and  may 
t>e  kept  often  for  an  mdefinite  period 
without  undergoing  any  change ;  out  if 
placed  under  circumstances  favorable  to 
its  germination,  it  soon  begins  to  grow : 
these  requisite  circumstances  are  a  duo 
temperature,  moisture,  and  the  presence 
of  air.  The  most  favorable  temperature 
is  between  60°  and  80°  ;  at  the  freezing 
point  none  of  the  more  perfect  seeds 
vegetate ;  and  at  temperatures  above 
100°,  the  young  germ  is  usually  injured. 
No  seed  will  grow  without  moisture  : 
water  is  at  first  absorbed  by  the  pores  of 
the  external  covering,  and  decomposed ; 
the  seed  gradually  swells,  its  memnranes 
burst,  and  the  germ  expands.  The  root 
is  at  first  most  rapidly  developed,  the 
materials  for  its  growth  being  derived 
from  the  cotyledons ;  and  when  it  shoots 
out  its  fibres  or  rootlets,  these  absorb 
nourishment  from  the  soil,  and  the  plu- 
mula is  developed,  rising  upwards  m  a 
contrary  direction  to  the  root,  and  ex- 
panding into  stem  and  leaves.  For  this 
growth  the  presence  of  air  is  reouisite ; 
if  it  be  carerulljr  excluded,  thougn  there 
be  heat  and  moisture,  yet  the  seed  will 
not  vegetate.  Hence  it  is  that  seeds 
buried  very  deep  in  the  earth,  or  in  a 
stiflf  dayj  remain  inert ;  but,  on  admis- 
sion of  air  by  turning  up  the  soil,  be^in 
to  shoot  forth.  From  experiments  which 
have  been  made  upon  the  gennination  of 
seeds  in  confined  atmospheres,  it  ap- 
pears that  the  oxygen  set  iVee  by  the  de- 
composition of  water  combines  with  a 
portion  of  the  carbon  of  the  seed,  and 
carries  it  off  in  the  form  of  carbonic  acid, 
and  that  the  consequence  of  this  is  the 
conversion  of  part  of  the  albumen  and 
starch  of  the  cotyledons  into  gum  and 
sugar ;  so  that  most  seeds^  as  we  see  in 
the  conversion  of  barley  into  malt,  be- 
come sweet  during  germination.  Light 
is  injurious  to  the  growth  of  a  seed.  It 
is,  therefore,  obvious  that  the  different 
requisites  for  germination  are  attained 
by  placing  a  seed  under  the  siirfuoe  of 
the  soil  warmed  by  the  8un'»  rays,  when 
it  is  moistened  by  its  humidity  and  by 
occasional  showers  :  excluded  from  light, 
but  within  reach  of  the  access  of  air. 
When  the  young  plant  is  perfected, 
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tho  cotyledons,  if  not  coverted  into 
leuves,  rot  uwa^',  and  tho  process  of  nu- 
trition is  carried  on  by  the  root  and 
leaves :  the  principal  nourishment  is 
taken  up  from  the  soil  by  the  root,  and 
chiefly  dv  its  small  and  extreme  fibres ; 
BO  that  wlien  these  are  injured  or  torn, 
as  by  careless  transplantation,  the  plant 
or  tree  generally  dies.  The  matters  ab- 
sorbed, consisting  of  water  holding  small 
portions  of  saline  substances,  and  of  or- 
ganic matter  in  solution,  become  tho  »ap 
of  the  plant ;  and  this  is  propelled  up- 
wards in  the  vessels  of  the  stem,  or  of 
the  outer  layer  of  wood,  into  the  leaves  ; 
here  it  is  exposed  to  the  agency  of  air,  or 
of  light:  it  transpires  moisture,  and  oc- 
casionally carbonic  acid.  But  the  leaves 
also  at  times  absorb  moisture,  and  dur- 
ing the  influence  of  \\^\\i  they  decom- 
pose the"  carbonic  acid,  and,  retaining 
wie  carbon,  evolve  oxygen ;  the  sap  thus 
becomes  modified  in  its  composition,  and 
the  characteristic  proximate "princi pics  of 
the  vegetable  are  formed.  Those  return 
in  appropriate  vessels  from  the  leaves, 
chiefly  to  the  inner  bark,  whore  we  ac- 
cordingly find  the  accumulation  of  the 
peculiar  products  of  the  plant:  they  also 
enable  it  annuallv  to  form  a  new  layer  of 
wood.  Hence  it  is  that  the  transverse 
Bectioi.  of  the  wood  exhibits  as  many  dis- 
tinct lones  as  the  tree  is  years  old.  We 
are  ignorant  of  the  causes  of  this  circula- 
tion of  the  sap;  hut  that  it  dues  follow 
the  cause  whicn  has  been  statr-il  \a  pnnod 
by  the  opi-mtion  which  irartU'iiers  cull 
riTUfuifj^  Hiul  wliioh  thov  sonu'tiiiu's  re- 
sort to,  to  make  a  barren  braiuh  bear 
flowers  and  fruit:  it  consists  in  r-uttijii; 
out  and  reinovintr  a  circular  rintr  <'>f  bark, 
so  as  to  prevent  tlie  return  of  the  sap  by 
the  desceiKlinjj  vessel?*,  wlii«'h  at  tirst 
w>/.e  cof>iously,  hut  at"terwar«ls  the  wound 
healH,  and  the  juices  are  accniiuilated  in 
all  parts  above  the  extirpafeil  riiiL',  pro- 
ducinir  tumefaclion  in  the  liinb.  and  otten 
indueiuif  a  crop  of  tlowers  an<l  frnit,  or 
causinjr  those  to  appear  earlier  than  on 
the  uncut  branches.  If  a  tree  be  wound- 
ed so  as  to  out  into  the  central  portions 
of  the  woo«l,  or  the  outer  lavt'r  ot  !iew 
wo<">d,  the  1h»w  of  asceniliny  sap  is  then 
seen  to  take  place  upon  the  htwer  >ec-  | 
tion,  where  the  ves>els  are  that  carry  it 
up  to  the  leaves;  and  the  flow  <»f  <le- 
seendinir  sap  is  principally  confined  to  the 
upper  section  of  the  inner  bark,  from 
which,  after  a  time,  new  bark  is  ]>ro- 
duced,  and  the  parts  aL'ain  uiiit«Ml. 

(il(r.      A    well-known    kind   of   liLfht 
carrui^'-c  drawn  by  one  hoi-se.     <»^/.'/s  "'' 


gig  machines^  are  rotatory  cylinders  co- 
vered with  wire-teeth,  for  tcuizling  wool- 
len cloth. 

GILDING.  The  application  of  a  su- 
perficial coat  of  gold  on  wood,  metal,  and 
other  materials.  The  beauty  and  dura- 
bility of  gold  render  it  the  most  valuable 
of  all  ornamental  substances ;  but,  on  ac- 
count of  its  weight  and  high  price,  its 
use  in  these  respects  would  be  exceed- 
ingly limited,  were  it  not  the  most  ex- 
tensible and  divisible  form  of  matter,  so 
that  it  may  be  made  to  cover  a  hu^er 
surface  than  an  equal  quantity  of  any 
other  body.  Metals  are  usually  covered 
with  gold  by  the  process  of  ttat^r  glUin^. 
It  consists  in  perfectly  cleaning  their 
surface,  and  then,  in  the  case  of  silver, 
for  instance,  nibbing  it  over  with  a  solu- 
tion of  gold  in  mercurv,  called  amal/jam 
of  gohl :  the  vessel  is  tfien  heated  over  a 
clear  charcoal  fire,  by  which  the  mercury 
is  driven  oflf,  and  the  gold  iet\  adhering 
to  the  silver  surface,  upon  which  it  is 
afterwards  burnished.  The  surface  of 
copper  or  brass  is  usually  prepared  by 
cleaning  and  rubbing  it  over  with  a  so- 
lution of  nitnite  of  mercury',  which  amal- 
gamates the  surface,  ana  enables  the 
gold  amalgam,  when  subsequently  ap- 
plicd,*to  adhere ;  heating  and  bufnisn- 
intr  are  then  resorted  to  as  before.  Brass 
and  copper  buttons  are  gilt  in  this  way  ; 
and  the  requi(*ite  quantity  of  gold  is  so 
snuill  that  twelve  dozen  "buttons  of  one 
inch  diameter  may  be  completely  gilt 
upon  both  surfaces  by  five  grains  of 
gold.  Other  kinds  of  gilding  are  per- 
formed by  gold  leaf,  which,  if  intended 
tor  out-d<*)or  work,  is  laid  on  by  the  help 
of  (jobl  ftiz/'^  whicn  is  drj'ing  oil  mixed 
with  calcined  red  ochre;  or,  if  for  pic- 
ture and  lookintr-glass  fnunoii,  they  are 
prepared  bv  a  size  made  by  boiling  pjirch- 
ment  clippings  to  a  stitT  jelly,  and  mixed 
with  fine  I'aris-plaster  or  yellow  ochre. 
The  leaves  of  books  are  gilt  upon  the 
edires  bv  brushing  them  over,  while  in 
the  binder's  i)ress,  with  a  composition  of 
four  ]>arts  ot  Anninian  l>olc  and  one  of 
powdered  suL'ar  CiUidy  mixed  up  with 
white  of  etrir :  this  coatinjr,  when  nearly 
dry.  is  sm(»«>tlied  by  the  b)iri»islu»r,  then 
sliirhtly  moistened,  and  the  gold-leaf  a;K 
}i]icd  and  l»urnished.  To  imi^ress  i^ilt 
tiLMires  on  book  eovi-rs,  the  leatlier  is 
dustid  o\ er with tinely-powdercd  mastie: 
the  iron  tool  by  which  thcfii^ure  is  made 
is  then  mo*lerately  heated  and  prc^setl 
ui>on  a  piece  of  leaf-gold,  which  slightly 
adlK'ns  to  it. 

In  [/(idin'j  fr<Mx/j  the  operator  should 
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be  provided  with  s  cushion,  made  of  n 
board  about  10  inches  square,  covered 
with  leather,  and  lightly  stuffed  with 
cotton,  and  a  thumb-piece  at  the  back: 
also,  with  a  iijh-hr\i»\\f  a  pallet-kuifc,  ana 
a  dabbor,  or  silk  bag  filled  with  cotton. 
The  pattern  to  bo  gilt  ia  then  exactly 
washed  with  jappanner*8  gold  size,  (lin- 
secd-oil  and  ^um  animi,  thinned  with 
oil  of  tnrpentme,)  and  the  gold  leaves 
being  cut  on  the  cushion  with  the  pallet- 
knife,  are  transferred  by  the  tip-brush 
to  the  sized  surface  and  tapped  with  the 
Bilk  iMig,  and  left  to  dry. 

In  covering  surfaces  with  gold,  the 
■ize  is  made  of  8  boiled  oil,  1  jupanncr^s 
gold  size,  with  yellow  ochre  ground  in 
boiled  oil.  Two  separate  waslios  of  this 
must  be  applied  to  the  pattern,  and  be- 
fore quite  nard,  the  gold-leaf  laid  on. 
Other  size  is  made  bv  grinding  red  lead 
with  thick  drying-oil,  and  diluting  with 
turpentine  ;  and,  in  other  cases,  with 
mere  glue. 

Iron  and  steel  are  gilt  by  simply  dip- 
ping. The  solution  in  aoua-rcgm  is  to 
be  evaporated  till  it  crj-staliizes,  and  then, 
if  dissolved  in  water  and  alcohol,  the  iron 
may  be  dipped.  But,  if  sulphuric  ether 
be  added,  polished  steel  will  be  gilt  by 
simple  immersion. 

Silver  is  gilt  by  a  solution  of  the  g<M 
in  a  menstruum  of  nitric  acid,  sal  ammo- 
niac, and  corrosive  sublimate.  It  black- 
ens the  silver,  but  a  red  heat  restores 
thn  gold  color. 

The  mercurial  amalgam  can  be  applied 
to  copper,  or  brass,  or  silver,  bv  washing 
the  surface  with  a  solution  of  cVilute  t*ul- 
phnric  acid  and  mercury.  The  aiiialgain 
10  then  evenly  applied  with  a  wet  briiHh 
of  brass  wire.  The  heat  of  a  furnace 
evaporates  the  mercury,  and  leaves  tlio 
gola.  Rub  with  gilders^  wax,  and  bur- 
nish with  steel. 

Iron  is  gilt  bv  heating  it  blue,  and 
laying  on  trio  gold-leaf,  burnishing,  and 
heating.    Repeat  till  perfect. 

Copper  buttons  are  gilt  by  putting 
them  m  nitric  acid,  and  then  bunnshiiig 
on  hard  stone.  Then  stir  them  in  nitric 
solution  of  mercury  till  white.  The 
amalgam  of  gold  is  then  mixed  with 
nitric  acid,  and  the  buttons  being  well 
stirred  the  gold  attaches.  By  heating, 
the  mercury  is  made  to  run,  when,  utter 
trituration  in  a  hair>'  bog,  further  heat 
evaporates  it,  and  the  buttons  are  bur- 
nished. 

Gilding  in  cornices,  Ac,  is  effected  by 
priming  with  boiled  linHfed-oil,  ami  car- 
bonate of  lead.    The  surface  is  then  co- 


vered with  gold  size,  on  which  slips  of 
gold-leaf  arc  pressed  with  cotton.  The 
edges  are  then  brushed  off.  Burnished 
gikling  reouires  priming  with  gumj  and 
bole  must  oe  mixed  with  the  gold  size. 

GUdiiig  in  oil.— I,  The  first  oj)enition 
is  to  give  a  priming  coat  of  color,  formed 
by  jgrinding  white  lead  in  oil,  rendered 
dr)  ing  by  filing  with  litharge,  and  tem- 
pered afterwards  with  linseed-oil,  adding 
a  little  fat  oil,  and  a  very  small  portion 
of  spirits  of  turpentine.  2.  Grind  cal- 
cinea  white  lead  very  fine  in  fat  oil ;  this 
must  immediately  bo  tempered  with  oil 
of  turjientine,  as  it  is  subject  to  become 
thick  verv  quickly.  Three  or  four  thin 
coats  of  tliis  arc  to  be  given  very  evenly 
in  the  ornaments,  and  in  all  parts  in- 
tended to  be  gilt.  Care  must  be  taken 
in  applying  the  color  to  the  deeper  parts 
of  tiie  work,  that  it  may  be  even  and 
perfect. — This  is  the  Uinte  dute.,  or  hard 
ground.  8.  The  gold  color  or  size,  pre- 
viously strained  through  fine  linen,  is 
then  to  be  laid  on,  very  thin  and  even, 
with  a  soil  brush  which  has  been  used 
for  oil  colors.  A  snuiller  brush  must  bo 
used  for  the  deeper  parts  of  the  sculp- 
tured or  other  ornaments*^  carefully  on- 
serving  to  remove  any  hairs  which*  may 
be  dctjichcd  from  the  brush.  4.  "Where 
the  size  is  so  far  dried  as  to  become 
tacky,  the  gold  leaf  is  to  bo  spread  upon 
the  cushion,  and  divided  with  the  knite  ; 
the  gold  is  placed  on  with  a  small  block 
of  wood,  faced  with  cloth,  called  a  pa- 
ittt^y  and  lijjhtly  pressed  with  cotton, 
repairing  where  necessary  with  pieces  of 

f:oid  cut  small,  applied  by  a  nudger's 
lair-pcncil.  5.  If  the  articles  gilt  arc  to 
be  exposed  to  the  weather,  as  balconies, 
gratings,  statues,  Ac,  thev  ought  not  to 
be  vjirnislu'd,  as  gilding  m  oil  is  more 
(lunil)le  without  than  with  varnish.  The 
heat  of  the  sun  will,  after  a  heavy  rain, 
cause  gilding  covered  with  varnish  to 
craze  or  crack  over  its  whole  surface, 
(iilding  in  the  interior  of  a  buildinj?,  as 
on  the  rails  of  stairc-a.ses,  &c.,  should  have 
a  coat  of  spirit  of  wine  varnish,  dryinirit 
bv  means  of  a  chafing-dish,  and  then  ajt- 
plying  a  coat  of  oil  varniNh.  The  beauty 
of  oil-giKling  depends  greatly  uj>oii  the 
manner  of  vjimisiiing  it. 

////•  (jihliiuj  vntul  hfiffonft, — To  4  oz.  of 
yellow  melted  becs'-wax  add,  in  fine 
powder,  li  oz.  of  re«l  ochre,  li  oz.  of 
venlij/ris,  calcined  till  it  yields  no  funics, 
and  1  oz.  of  calcined  borax,  and  mix  tiiem 
well.  It  is  ncee>-sary  to  calcine  the  ver- 
digris. 

To  tJcaU  the  clor  of  gra^  gold. — Take 
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saltpetre  1  oz.  10  dwts.,  salHimmoniao  1 
oz.  4  dwts.,  and  verdigris  18  dw^ts.,  and 
dissolve  a  portion  of  the  mixture  in 
water,  as  occasion  reouires. 

To  exalt  the  color  oj  yellow  gold. — ^Take 
saltpetre  6  oz.,  green  copperas  2  oz.,  white 
vitnol  and  alum,  of  each  1  oz.  If  the 
color  be  wanted  redder,  a  small  portion 
of  blue  vitriol  must  be  added.  To  be 
dissolved  in  water,  as  wanted. 

These  two  last  compositions  must  be 
applied  to  the  surfaces  of  the  ^ilt  works, 
either  with  a  pencil,  or  by  dipping  them  ; 
«  proper  degree  of  heat  must  then  bo 
used  to  cause  them  to  assume  a  black 
oolor,  when  they  must  be  quenched,  or 
ocoled,  either  in  vinegar  or  water. 

Gildinff  japan-work  is  performed  with 
japanners  gold  size  j  and  for  dead  gold 
it  should  TO  used  with  turpentine  only, 
but  for  lustre  with  fat  oil  only* 

Gilding  earthenware  and  porcelain. — 
Take  2  drs.  or  5  dwts.  of  pure  gold  and 
triturate  in  a  porcelain  mortar  carefully, 
until  very  flue  ;  add,  at  distinct  times,  1, 
2,  and  8  (Iwts.  of  pure  mercury,  and  mix 
well  together ;  then  add  10  grs.  of  white 
oxide  of  lead.  Or^  exclude  the  lead,  and 
1  dwt.  of  the  mercury,  when  a  strong 
body  of  gold  is  required. 

On  a  glass  plate,  long,  and  very  care- 
full  v  grind  for  use. 

When  the  crold  (as  on  some  occasions) 
contains  an  alloy  of  silver,  less  mercury 
must  be  taken,  and  lead  wholly  ex- 
cluded. 

In  executing  the  superior  specimens  of 
this  art,  men  are  em[>lovo(l ;  und  in  many 
of  the  porcelain  manufactories  may  be 
seen  specimens  of  the  hitrh  exocllonoe 
of  which  it  is  susoeptihle,  in  flowors, 
landscapes,  and  portraits.  Other  less 
delicate  patterns  are  the  work  of  yoiincr 
women ;  of  whom,  great  numbers  pro- 
vide for  their  comfortjj  by  these  employ- 
ments. 

When  the  ^ihlM  ware  has  been  through 
the  muffle,  and  is  cool,  the  goUl  is  bur- 
nished with  agate  or  V)loo(lstonc ;  the  ware 
is  then  wrapped  in  tissue  paper,  and 
carefully  packed  for  home,  or  foreign 
markets. 

On  some  of  the  least  valuable  porce- 
lain, Icat-gokl  is  tixed  by  beinj?  placed  on 
a  warm  size,  formed  of  these  compo- 
nent's. Riil  together  half  a  pint  of  pure 
linseed-oil,  \  oz.  of  gum  araVue,  trum  oen- 
zoin,  and  acetate  of  lead  severally  ;  and 
after  beini;  well  boile«l,  c»>ol  ;  lay  evenly 
on  the  ware,  heat  the  wliole  a  little,  add 
the  strips  of  leaf-gold,  and  carel'ully  j)lacc 
for  sale. 


7b  gUd  wUK  lumuhtd  ^io2^.— Give  five 
or  six  ooats  of  size  and  whiting.  First 
with  varnish  of  Armenian  bole,  wax  and 
size.  Wet  with  water,  and  la^  on  the 
gold,  and  in  a  few  hours  bomish  with 
agate. 

lb  {jrUd  the  edges  of  hooks.— Wmh 
them,  in  the  press,  with  Armenian  bole, 
sugar  candy,  and  white  of  eggs.  Wet 
with  water  and  lay  on  the  gola  leaf,  and 
burnish  with  a  dog^a  tooth,  or  steel  tooth. 

Golden  articles  of  jewdry. — ^The  two 
best  mixtures  for  the  purpose  of  giving 
a  good  firold  color  to  articles  of  Jewelry, 
are  as  foUows : — 

PAKTS. 

Muriatic  acid  at  220 lo 

Oil  of  vitriol 4 

Crystallized  boracic  acid 2 

Water 150 

Or, 

Acid  muriate  of  alumine  Oiqaid) 13 

Cryfitallized  sulphate  or  Boda 4 

CrvstallizAd  boracic  acid 3 

Water 150 

Either  of  these  mixtures,  with  20  gr"* 
of  neutral  muriate  of  gold,  constitutes 
the  bath,  which  is  to  bo  used  in  the  fol- 
lowing manner : — A  largo  glass  roattrass^ 
carefully  luted  at  the  bottom,  is  placed 
over  a  circular  furnace,  so  as  to  have  heat 
readily  applied  to  it ;  the  solution  is  to 
be  be  put  into  it,  and  when  at  the  boiling 
point,  the  pieces  of  jewelry,  previously 
cleaned  and  picked,  are  to  be  introducea, 
suspended  upon  golden  wires.  After  a 
few  minutes,  a  copper  wire  is  to  be  im- 
mersed, and  left,  until  the  gold  has  ac- 
quired a  deep  color;  it  is  then  to  be 
withdrawn,  but  the  articles  still  left  in 
until  thev  have  acquired  the  color  necea- 
sary.  Tfiey  arc  then  to  be  put  into  warm 
water,  acidulated  by  sulphuric  or  acctio 
acid,  to  remove  particles  of  oxide  of  cop- 
per, washed  in  clean  warm  water,  and 
dried  nciir  a  fire.  Generally,  a  sinirle 
opcrati(m  is  not  enough ;  for,  as  a  long 
immersion  produces  harm  fh)m  the  oxide 
of  copper,  It  is  better  to  shorten  it,  and 
repeat  the  operation. 

GoUi  Rize. — Mix  16  oz.  of  linseed-oil,  8 
oz.  of  turpentine,  2  oz.  ofasphaltum,  and 
1  oz.  eadi  of  brown  umber  and  of  red 
lead.  Or^  melt  together  1  oz.  each  gum 
asphaltum  and  anime  ;  i  oz.  each  of  li- 
thar^re,  red  lead,  and  brown  umber;  4 
(^z.  of  linseed-oil  and  8  oz.  of  drying-oil ; 
strain. 

(riU'^rfi^  irnx  is  4  lbs.  of  bees'-wax,  a 
I  of  venliL'ris,  and  also  of  siilphate  of 
copper,  kept  in  a  red  heat  until  the  wax 
luis  evaporated. 
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SMI  ffold  may  be  obtained  bv  amalga- 
matiiig  the  metal  with  8  parts  or  mercury 
In  a  cmcible,  and  then  evaporating  the 
merear;^.  Oty  gold  leaf  may  be  tritu- 
rated with  gam-water,  and  the  gum  dis- 
■olTed  and  poured  off. 

6IMBAI&,  or  6IMB0LS.  A  piece  of 
mechaniBm  consisting  of  two  brass  hoops 
or  rings,  which  move  within  one  another, 
each  perpendicularly  to  its  plane,  about 
two  axes  placed  at  right  angles  to  ea<^ 
other. 

GLANCE  GOAL.  Anthracite  :  it  is 
■nbdived  into  two  daases — 1st,  the  slaty ; 
and  2d,  the  conchoidal. 

GLASS  is  a  transparent  solid  formed 
by  the  ftision  of  sihcious  and  cJkollne 
matter.  It  was  known  to  the  Phcnicians, 
and  constituted  for  a  long  time  an  exclu- 
sive manufiicture  of  that  people,  in  con- 
seouence  of  its  ini^redients,  natron,  sand, 
ana  fttel,  aboi^ndmg  upon  their  coasts. 
It  is  probable  that  the  more  ancient 
Egyptians  were  unacquainted  with  glass, 
for  we  find  no  mention  of  it  in  the  writ- 
ings of  Moses.  But  according  to  Pliny 
and  Strabo,  the  glass  works  of  Sidon 
and  Alexandria  were  &mous  in  their 
times,  and  produced  beautiful  articles; 
which  were  cut,  engraved,  gilt,  and 
stained  of  the  most  Brilliant  colors,  in 
imitation  of  precious  stones.  The  Bo- 
mans  employed  glass  for  various  pur- 
poses ;  and  nave  left  specimens  in  Her- 
eoianeum  of  window-glass,  which  must 
have  been  blown  by  methods  analogous 
to  the  modem.  The  Phenician  processes 
seem  to  have  been  learned  by  the  Cru- 
saders, and  transferred  to  Venice  in  the 
18th  century,  where  they  were  long  held 
secret,  and  formed  a  lucrative  comnicr- 
dal  monopoly.  Soon  after  the  middle  of 
the  17th  century,  Colbert  enriched  France 
with  the  blown  mirror  glass  manufac- 
ture. 

Chance  undoubtedly  had  a  principal 
share  in  the  invention  of  this  curious 
fitbrication,  but  there  were  circumstances 
in  the  most  ancient  arts  likely  to  lead  to 
it ;  such  as  the  fusing  and  vitrifying 
h^Us  required  for  the  formation  of  pot- 
tery, ana  for  the  extraction  of  metuls 
from  their  ores.  Pliny  oscribcs  the 
origin  of  glass  to  the  following  accident. 
A  merchant-ship  laden  with  natron  bciu^ 
driven  upon  the  coast  at  the  mouth  of 
the  river  Belus,  in  temncstuous  weather, 
the  crew  were  compelled  to  cook  their 
victuals  ashore  ;  and  having  placed  lumps 
of  the  natron  upon  the  sand,  as  supports 
to  the  kettles,  found  to  their  Kurpri»o 
of  transparent  stone  among  the 


oinders.  The  sand  of  this  small  stream 
of  Galilee,  which  runs  from  the  foot  of 
Mount  Carmel,  was  in  consequence  sup- 
posed to  possess  a  peculiar  virtue  for 
making  glass,  and  continued  for  ages  to 
be  sought  after  and  exported  to  distant 
countries  for  this  purpose. 

The  researches  of  ^rzelius  having  re- 
moved all  doubts  concerning  the  acid 
character  of  silica,  the  genei^  composi- 
tion of  glass  presents  now  no  difficulty 
of  conception.  This  substance  consists 
of  one  or  more  salts,  which  are  silicates 
with  bases  of  potash,  soda,  lime,  oxide 
of  iron,  alumina,  or  oxide  of  lead ;  in 
any  of  which  compounds  we  can  substi- 
tute one  of  these  bases  for  another,  pro- 
vided that  one  alkaline  base  be  left 
Silica  in  its  turn  may  bo  replaced  by  the 
boracic  acid,  without  causing  the  glass  to 
lose  its  principal  characters. 

Under  the  title  glass  are  therefore  com- 
prehended various  substances  fusible  at 
a  high  temperature,  solid  at  ordinary 
temperatures,  brilliant,  generally  more 
or  less  transparent,  and  always  brittle. 
The  following  chemical  distribution  of 
glasses  has  been  proposed. 

1.  Soluble  glass;  a  simple  silicate  of 
potash  or  so^ ;  or  of  both  these  alka- 
lies. 

2.  Bohemian  or  crown  glass ;  silicate 
of  potash  and  lime. 

8.  Common  window  and  mirror  glass ; 
silicate  of  soda  and  lime  ;  sometimes  also 
of  potash. 

4.  Bottle  gloss ;  silicate  of  soda,  lime, 
alumina,  ana  iron. 

5.  Ordinary  crystal  glass ;  silicate  of 
potash  and  lead. 

6.  Flint  glass ;  silicate  of  potash  and 
lead ;  richer  in  lead  than  the  preceding. 

7.  Strass  ;  silicate  of  potash  and  lead ; 
still  richer  in  lead. 

8.  Enamel ;  silicate  and  stannate  or 
ontimoniate  of  potash  or  soda  and  lead. 

The  glasses  wuieh  contain  several  bases 
are  liable  to  suffer  different  chaiipes 
when  they  are  melted  or  cooled  slowly. 
The  silica  is  divided  among  these  bases, 
forming  new  compounds  in  definite  pro- 
portions, which  by  crystallizinj?,  senanite 
m)m  each  other,  so  that  the  general  mix- 
ture of  the  ingredients  which  constituted 
fflass  is  destroyed.  It  becomes  then  very 
hard,  fibrous,  opaque,  much  less  fusible, 
a  better  conductor  of  electricity  and  of 
heat ;  forming  what  Keaumur  styled  (U- 
vitrijied  trlass,  and  what  is  culled  after 
him,  Keaumur's  j>orcelain. 

GLASS-MAKING,  Gknkral  Princi- 
ples or.    Glass  may  bo  defined  in  tech- 
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nical  phraseology,  to  be  a  transparent 
homogeneous  compound  formed  oy  the 
fhsion  of  silica  witn  oxides  of  the  alka- 
line, earthy,  or  common  metals.  It  is 
usually  colorless,  and  then  resembles 
rock  crystal,  but  is  occasionally  stained 
by  accident  or  design  with  colored  me- 
tallic oxides.  At  common  temperatures 
it  is  hard  and  brittle,  in  thick  pieces :  in 
thin  plates  or  threads,  flexible  and  elas- 
tic ;  sonorous  when  struck  •  fracture 
conchoidai,  and  of  that  peculiar  lustre 
called  vitreous  ;  at  a  red  neat,  becoming 
soft,  ductUe,  and  plastic.  Besides  glass 
properly  so  called,  other  bodies  are  capa- 
ole  of  entering  into  vitreous  fusion,  as 
phosphoric  acid,  boracic  acid,  arsenic 
acid;  as  also  certain  metallic  oxides,  as 
of  l^Eul  and  antimony,  and  several  chlo- 
rides, some  of  which  are  denominated 
glasses.  Impure  and  opaque  vitriform 
masses  are  called  slasrs ;  such  are  the 
productions  of  blast  iron  furnaces  and 
many  metallurgic  operations. 

Silica,  formerly  styled  the  earth  of 
flints,  which  constitutes  the  basis  of  all 
commercial  glass,  is  infusible  by  itself  in 
the  strongest  Are  of  our  furnaces ;  but 
its  vitrooiis  fusion  is  easily  effected  by  a 
competent  addition  of  potash  or  so^a, 
either  alone  or  mixed  with  lime  or  li- 
tharge. The  silica,  which  may  be  re- 
garded as  belonging  to  the  class  of  acids, 
combines  at  the  neat  of  fusion  with  these 
bases  into  saline  compounds  ;  and  hence 
glass  may  be  viewed  as  a  silicate  of  cer- 
tain oxides,  in  which  the  acid  and  tlie 
bavSes  exist  in  equivalent  proportions. 
Were  these  proportions,  or  the  quantities 
of  the  btiscs  which  silica  rei^nires  for  its 
saturation  at  the  meltinjr  point,  evaotl.v 
ascertained,  we  ini<;lit  readily  determine 
betbreh.'ind  the  best  proportions  of  ma- 
terials tor  the  glass  mnnutUeture. 

Glass-houses  are  commonly  lartre  coni- 
cal buildings,  from  60  to  luo  feet  hi^'h, 
and  from  50  to  80  teet  in  diametitr. 

The  furnace  is  in  the  middle,  over  a 
large  vault,  which  is  eonne<'ted  with  it 
by  means  of  an  openimr.  This  openintr 
is  covered  with  an  iron  irrato,  upon  which 
the  fire  is  made,  and  it  is  kept  up  by  the 
drauirht  of  air  from  the  vault. 

The  most  important  part,  however,  of 
the  apparatus  of  the  fflass-liouse  is  tlic 
crucible,  made  from  clay,  found  at  Stour- 
bridiTP.  This  is  first  pouude«l  fine,  tlien 
8ifte<l,  moistened,  and  worked  into  a 
thick  douirh.  Sometimes  old  erucililes 
are  used,  which  are  broken  into  powder, 
and  then  mixed  with  a  red  clay.  Some 
pots,  tor  bottle  and  flint  ehiss,  are  made  i 


40  inches  deep  and  wide.  They  are  from 
2  to  4  inches  m  thickness.  They  remain 
several  days  at  a  white  heat,  before  they 
areplaced'in  the  furnace. 

Tne  basis  of  glass  is  sQiea.  When 
flints  or  quartz  are  used,  they  are  first 
reduced  to  powder  by  being  heated  red 
hot,  and  then  plunged  into  cold  water. 
This  causes  them  to  whiten  and  fall  to 
pieces,  after  which  they  are  ground  and 
sifted.  The  second  ingredient  is  potash 
or  soda.  The  alkali  used  is  more  or  less 
pure,  according  to  the  fineness  of  the 
glass  to  be  made.  Lime  is  often  em- 
ployed in  small  quantities  ;  also  borax. 

df  the  metallic  oxides  added  in  dif- 
ferent cases,  the  deutoxidc  of  lead  is  the 
most  common.  It  renders  flint  glass  more 
fusible,  hea\'y.  and  toui^h,  more  easy  to 
be  ground  ana  cut,  and  increases  its  bril- 
liancy and  refractive  power. 

A  small  quantity  ofblack  oxide  of  man- 
ganese renders  tne  glass  more  transpa- 
rent- too  much  gives  a  purple  tinge, 
whicn,  however,  may  be  destroyed  by  a 
little  cliarcoal  or  wood. 

Arsenious  acid  (white  arsenic),  in  small 
quantities,  promotes  the  clearness  of 
glass ;  too  much  of  it  gives  the  gla.Hs  a 
milky  whiteness.  Its  use  in  drinking- 
vessels  is  not  fVee  from  danger,  if  the 
glass  contains  so  much  alkali  that  any 
part  is  soluble  in  acids. 

The  various  materials  are  carefully 
washed,  and,  after  the  extraction  of  all 
the  impurities,  are  conveyed  to  the  fur- 
nace in  pots  made  of  tofeacco-pipe  clay. 
The  produce  of  this  process  is  called  the 
frit,  which  is  aijain  melted  in  large  pota 
or  crucibles,  till  the  whole  mass  becomes 
beaut it'uUy  clear,  and  the  dross  rises  to 
the  top. 

Bhfvinr/  is  the  next  process,  which,  in 
round  trlass,  as  phiids,  drill  king-glasses, 
ttc,  is  thus  performed; — The  workmen 
dip  the  end  of  long  iron  pipes,  red  hot, 
into  the  li<|uid  glass,  then  roll  it  on  a 
polished  iron  plate  to  give  it  an  external 
even  surt'aee  ;  thev  next  blow  down  the 
iron  T>ipc,  till  it  enlarges  the  metal  like  a 
bladder,  and,  if  necessary,  roll  it  again 
on  the  iron  plate,  and  proceed  to  fonn  it 
into  a  globular  form,  or  any  other  one 
rerpiircd.  The  glass  is  then  transferred 
from  the  bIowin<i:-j)ipe,  by  dippinj?  the 
end  of  another  iron  rod  into  the  liquid 
trlass,  which  adheres  to  the  heated  rod, 
and  witli  wliich  the  workman  sticks  it  to 
the  bottom  of  the  vessel;  then,  with  a 
)»nir  of  pincers,  wetted  with  water,  he 
touclu-s  tht!  neck,  which  immediately 
cnicks,   and,    on    being  slightly   struck, 
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separates  at  the  end  of  the  blowing-pipe, 
and  becomes  attached  to  the  iron  rod. 
The  vessel  is  next  carried  up  to  the 
month  of  the  furnace,  to  be  heated  and 
softened,  that  the  operator  may  finish  it. 
If  the  vessel  require  a  handle^  the  opera- 
tor forms  it  separately,  and  umtes  it  while 
melting  hot,  forming  it  with  pincers  to 
the  requisite  shape  and  pattern. 

Annealing  is  the  removing  of  the  glass, 
after  it  has  been  blown  or  cast,  into  a 
fimace,  whose  heat  is  not  sumciently 
intense  to  melt  it ;  and  gradually  with- 
drawing the  article  from  the  hottest  to  a 
cooler  part  of  the  annealing  chamber,  till 
it  is  cold  enough  to  be  taken  out  for  use. 
If  cooled  too  suddenly,  it  is  extremely 
brittle. 

Coloriiig. — ^The  different  colored  glasses 
owe  their  tints  to  the  different  metallic 
oxides  mixed  with  the  materials  while  in 
a  state  of  fusion.  In  this  manner  are 
mode  those  elegant /)a«^,  which  so  faith- 
fully imitate,  and  not  unfrequently  excel, 
in  Ijrilliancy,  their  originals,  the  gems  of 
antiquitjr.  The  glass,  however,  for  this 
purpose  is  preserved  in  a  peculiar  man- 
ner, and  requires  great  nicety.  It  com- 
bines purity  and  durability. 

Opaque  glass  is  made  by  the  addition 
of  tne  oxide  of  tin,  and  produces  that 
beautiful  imitation  of  enamel  which  is  so 
much  admired.  Dials  for  watches  and 
docks  are  thus  made. 

BotiU-gUus  is  made  of  soajv-boilcrR' 
waste  and  river  sand,  or  sand  and  lime 
with  clay  and  salt,  mixed,  evaporated, 
and  fritted.  Common  vdndow-fjlasSy  of  2 
soap  waste,  1  Icelp^  and  1  sand.  Super 
window-gl/iJti^  25  sand,  12  sulphate  of 
soda,  or  Glauber's  salt,  4  carboiiuto  of 
lime,  or  lime  unbumt,  and  1  of  charcoal ; 
or  2  purified  sand,  3  strong  kelp.  P////<*, 
or  wthilc  glass^  is  sand  100,  sub-carbonate 
of  soda  55,  unslaked  lime  9,  nitre  4,  and 
powdered  crlass  60.  The  product  is  three- 
lourths.  rUfU^  or  litharge  fjUift«^  is  1 0  fine 
Bond,  6  red  leoil,  8  pcorlosh,  a  half  part 
oxide  of  manganese. 

Grinding  and  imlljthing  give  platc-erlass 
a  fine  lustre.  The  grinder  takes  it  routrii 
out  of  the  hands  of  the  caster,  and,  lay- 
ing it  upon  a  stone  table,  to  which  it  is 
fixed  with  stucco,  he  lays  another  rough 
BtIoss,  lialf  the  Kize  of  the  former,  unon 
it.  To  the  smaller  glass  a  plank  is  (list- 
ened, by  means  of  stucco,  and  to  the 
whole  a  wheel,  made  of  hard,  li^^ht  wood, 
about  six  inches  in  diameter,  by  the  i>ul- 
linj;  of  which  from  side  to  wide,  and  from 
end  to  end,  of  the  gloss,  a  constant  at- 
trition   is   kept    up ;    and,    by   allowing 


water  and  fine  sand  to  pass  between  the 

Elates,  the  whole  is  very  finely-  polished ; 
ut,  to  fi:ive  the  finishing  polish,  powder 
of  smalt  LB  used.  As  the  upper  gloss 
grows  smoother,  it  is  taken  away,  and  a 
rougher  one  substituted  in  its  stead ;  and 
so  on  till  the  work  is  done.  Except  in 
the  very  largest  plates,  tlie  workmen 
polish  their  gla.Hs  by  means  of  a  plank, 
having  four  wooden  handles  to  move  it ; 
and  to  this  plank  a  plate  of  glass  is  ce- 
mented, as  above. 

Various  ornamental  forms  are  given 
to  the  surface  of  glass  vessels  by  metallic 
moulds.  The  mould  is  usually  of  cop- 
per, with  the  figure  cut  on  its  inside,  and 
opens  with  hinges  to  permit  the  glass  to 
be  taken  out.  The  mould  is  filled  by  a 
workman,  who  blows  fiuid  glass  into  its 
top.  The  chilling  of  the  glass,  when  it 
comes  in  contact  with  the  mould,  im- 
pairs its  ductility,  and  prevents  the  im- 
pression of  the  figure  from  being  sharp. 
Some  moulds,  however,  are  made  m 
parts,  which  can  be  suddenly  brought 
together  on  the  inside  and  outside  of  the 
ghiss  vessel,  and  produce  specimens 
nearly  enuol  to  cut  crlass. 

Cut  gui^,  BO  called,  is  produced  by 
grinding  the  purfaco  with  smiUl  wheels 
of  stone,  metal,  or  wood.  The  glass  is 
held  to  the  surface  of  the  wheels.  The 
first  cutting  is  with  wheels  of  stone ;  then 
with  iron,  covered  with  sliarp  sand  or 
emery ;  and.  finally,  with  brusn  wheels, 
covered  with  putty.  A  small  stream  of 
water  is  kept  continually  running  on  the 
gloss,  to  prevent  the  friction  from  excit- 
mg  too  much  heat. 

GiiuHs  may  be  ground  on  any  coarse 
grained  ntone,  with  f<and,  or  emery  and 
water.  Flat  pieces  of  glass  may  be  di- 
vided in  any  shape,  by  making  a  notch 
with  a  file,  and  carrying  a  piece  of  hot 
charcoal  before  the  line  in  which  it  is  in- 
tended the  fracture  shouldproceed.  The 
charcoal  inur^t  be  kept  alive  with  the 
breath,  and  the  progress  humored  by 
exiKriL'ncc.  Tulx's,  Ac,  are  cut  with  a 
tile  all  round,  and  then  broken. 

GLASS  COLOKING.  Mr.  G.  Bon- 
temps  luLS  shown  that  all  the  colors  of 
the  j»risn»atic  spectrum  mit?ht  be  driven 
to  glass  by  the  use  of  the  oxide  of  iron 
in  varying  proportions  anil  by  the  apencv 
of  ditferent  dcirrecs  of  heat ;  and  that  aill 
I  the  col«»rs  arc  produced  in  their  n.itiinU 
disposition  in  proportion  as  you  iiicn-a.se 
the  temperature.  Similar  phenonuuia 
were  observed  with  the  oxide  of  nuini.'a- 
nese.  Mautraucse  is  employed  to  jrive  a 
pink  f)r  purple  tint  to  glass,  and  also  to 
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neatnlise  the  slight  g^reen  given  by  iron 
and  carbon  to  fflass  in  its  manufacture. 
If  the  glass  colored  by  manganese  ro- 
miuns  too  long  in  the  melting-pot  or  the 
annealing-kiln,  the  purple  tint  turns  first 
to  a  light  brownish  red,  then  to  a  yellow, 
and  alterwards  to  green.  White  glass 
in  which  a  small  proportion  of  manga- 
nese has  been  used  is  liable  to  become 
light  yellow  by  exposure  to  luminous 
power.  This  oxide  is  also  in  certain 
window-glass  disposed  to  turn  pink  or 
purple  under  the  action  of  the  sun^s 
rays. 

M.  Bontemps  has  found  that  similar 
changes  take  place  in  the  annealing  oven. 
He  has  determined,  by  experiments  mode 
by  him  on  pol^-gonal  lenses  for  M.  Fres- 
nel,  that  light  is  the  agent  producing  the 
change  mentioned :  and  the  author  ex- 
presses a  doubt  whether  any  change  in 
the  oxidization  of  the  metal  will  explain 
the  photogenic  effect.  A  series  of  chro- 
matic changes  of  a  similar  character 
were  observed  with  the  oxides  of  cop- 
per; the  colors  being  in  like  manner 
regulated  by  the  heat  to  which  ^lass  was 
exposed.  It  was  found  that  silver,  al- 
though with  less  intensity,  exhibited  the 
Bame  phenomena ;  and  gold,  although 
usually  employed  for  the  purpose  of  im- 
parting varieties  of  red,  was  found  by 
varying  degrees  of  heating  at  a  higti 
temperature  and  recasting  several  times 
to  give  a  ^reat  many  tints,  varying  from 
blue  to  jpink,  red,  opaque  yellow,  and 
green.  Charcoal  in  excess  in  a  mixture 
of  silico  alkaline  glass  gives  a  yellow 
color,  which  is  not  so  bright  as  the  yel- 
low tVom  silver,  and  tliis  yellow  color 
may  be  turned  to  a  dark  red*  by  a  second 
fire.  Mr.  B.  is  disposed  to  refer  these 
chromatic  changes  to  some  modifications 
of  the  composing  particles  rather  than  to 
any  chemical  changes  in  the  materials 
emploved. 

GLAZIER'S  PUTTY.  Whiting  and 
linseed  drying  oil,  beaten  together  some 
time. 

GLAZING  EARTHENWARE  AND 
PORCELAIN.  In  the  bis,|uet  state, 
earthenware  and  porcelain  will  adhere  to 
the  tonsrue,  and  imbibe  moisture.  The 
tendency  of  the  earths  to  absorb  water  is 
the  cause;  and  the  ware  in  this  state 
would  not  retain  water  and  many  otlicr 
liquids,  llenec,  there  is  necessity  tor  an 
artificial  vitrified  covcriuir,  whose  ('<»Tn- 
ponents  are  so  ad.'q^tod  to  those  of  the 
Dody  as  to  be  equally  attected  with  them 
by  eh.inge  of  temperature,  an/1  preserve 
equality  of  expansion  or  contraction. 


We  have  not  ^et  dificovered  a  body 
and  glaze  that  will  be  complete  ware  by 
once  baking.  The  components  of  the 
present  homes  do  not  sufficiently  con- 
glomerate to  remain  unaffected  by  the 
moisture  of  the  glaze,  but  the  articles 
become  soft,  and  either  shrink,  or  alter 
their  figure.  The  only  probable  sugges- 
tion towards  this  is: — Grind  very  well 
some  of  the  flesh-eolored  feldspar  fh>m 
Montgomeryshire,  precipitate  whatever 
iron  may  be  in  the  mineral,  then  add  8 
per  cent,  of  ground  native  oarbonate  of 
Darytes,  and  1  per  cent,  of  cobalt  blue 
calx ;  mix  in  water  for  dip  and  glaze^  and 
fire  only  once.  Feldspar  is  the  glaze  of 
Nankin  porcelidn. 

The  manufacturers  have  their  particu- 
lar glazes,  for  certain  bodies.  The  several 
components  are  carefully  proportioned, 
then  ground  to  a  pulpy  state,  almost  im- 
palpable between  the  thumb  and  finger : 
this  is  mixed  with  a  certain  quantity  of 
water,  and  kept  agitated  topreserve  uni- 
form suspension.  The  cupper  places 
nigh  him  a  board  covered  with  bisquet 
ware,  and  another  with  a  number  of 
small  pegs  or  nails.  He  immerses  (or 
dips)  each  article,  with  a  suitable  motion 
to  cover  the  whole,  then  places  it  on  the 
pegs  to  drain.  The  water  is  imbibed  by 
the  pores  of  the  ware,  and,  to  the  thick- 
ness of  writing  paper,  the  components 
form  a  covering,  wnieli  is  vitrified  by 
baking.  From  the  pegs  the  vessel  is 
placed  in  a  sagger,  ana  at  a  lower  heat  of 
the  oven  the  wiiole  glaze  is  fused. 

The  following  are  excellent  glazes  : 

For  Porcelain. — Pulverize  well,  and 
carefully  fuse  together,  flint  20  parts, 
cullet  7,  Cornish-stone  20,  red  lead  20, 
borax  20,  subcarbonate  of  soda  7,  nitrate 
of  potash  8,  oxide  of  tin  2i,  cobalt  calx  1. 
Or, 

Fuse  together,  fiint  plasa  66  parts,  red 
lead  15,  arsenic  7,  muriate  of  soda  5,  ni- 
trate of  potash  6,  cobalt  calx  1.  When 
well  ground,  mix  with  Comish-stonc  40 
parts^  frit  (as  above)  18  parts,  fiint  12 
parts,  and  white  lead  80;  grind  in  the 
glaze  mill,  and  use  carefully. 

Fuse  together  Cornish-slone  80  parts, 
soda  2i» ;  pulverize,  and  grind  together, 
for  use.  The  fritt  4()  parts,  flint  16,  Cor- 
nish stone  24,  and  white  lead  20. 

Fuse  to<:ethcr,  cullet  85  parts,  flint  10, 

white  lead  2,  arsenic  1,  nitnite  of  i>otjish 

!  2 ;    then   grind  together,  IVitt  80  parts, 

Cornish  -  stone    40,     flint    25,     boracic 

acid  5. 

The  feldspar  glazes  are  subjoined  for 
general  puq>oses  of  utility.      They  are 
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moftt  secratly  preserved  by  their  first  em- 
ployers, but  It  is  well  they  be  exten- 
sively known. 

Fuse  together,  feldspar  66  parts,  borate 
of  soda  84 ;  then  ^rind,  and  mix  with 
fliut  95,  uitrate  of  potash  5,  ground  for 
use. 

OTy  feldspar  60,  borax  40,  fused,  and 
mixed  with  flint  50,  potash  2. 

Or^  feldspar  90,  carb.  barytes  7,  lime 
2,  magnesia  1 ;  and  mixed  with  fiint  67, 
borax  30,  and  potash  8. 

Or^  feldspar  60,  borax  24,  nitre  6,  salt 
4,  and  potash  6,  mixed  with  flint  60. 

Raw  glazes. — White  lead  45,  Cornish- 
stone  22.  cullet  22,  flint  8,  borax  2,  salt  1. 

Or  J  woite  lead  51.  Cornish- stone  25, 
cullet  11,  flint  12,  cork  potash  1. 

Or^  white  lead  49,  Cornish-stone  24, 
cullet  10.  flint  14.  borax  3. 

Or^  wnite  lead  42,  Comish-stono  27, 
cullet  14,  flint  11,  bor.  acid  6. 

GLAZING  IRON  VESSELS.  The 
iron  vessels  are  cleaned  perfectly  in  weak 
sulphuric  acid,  then  washed  well  in  soil 
cola  water,  and  dipped  into  a  thin  pnste 
made  with  quartz  melted  with  borax, 
feldspar,  and  day  ftxje  from  iron,  reduced 
into  an  impalpable  powder  with  sntlicif  nt 
water  to  make  it  into  a  thin  paste.  After 
the  vessels  are  dipped  in  this  pjr>tc,  or 
the  said  paste  laid  on  with  a  br^^iN  they 
are  powdered  in  the  inside  with  a  linen 
bftijg  containinflr  a  very  finc'v  pulverized 
mixture  of  feldspar,  carbonate  of  soda, 
borax,  and  a  little  oxiJc  of  tin.  They 
are  then  left  to  dry  ftr  some  time  in  u 
clean  place,  and  then  heated  in  nn  enam- 
elling furnace.  This  coatincr  is  very 
white,  and  res»fsts  the  action  of  heat, 
acids,  and  alk*dics.  The  great  defect  in 
coating  irop  vessels,  for  cookinir,  or  to 
be  used  and  ex[R»ned  to  groat  changes  of 
heat  arvi  cold,  is  the  ex]>ansion  and  c(»n- 
tniction  of  the  metiU,  which  soon  scales 
otf  tiie  ^lazial  coverings. 

GLASS  PAINTING.  In  Painting, 
the  method  of  staining  glasn  in  such  a 
manner  as  to  produce  the  eftcct  of  repre- 
senting all  the  subjects  whereof  the  art 
is  suHceptible.  A  trench  painter  of  M>ir- 
seilles  is  said  to  have  been  the  fir.-^t  m  lio 
instructed  the  Italians  in  this  art,  during' 
the  pontificate  of  Julius  11.  It  was,  how- 
ever, practised  to  a  considerable  extent  l»y 
LutiLs  of  Ley  den,  and  AUx^rt  Durer.  The 
dirt'erent  colors  are  prepared  as  follows  : 
JiUu-k  is  wnipofted  of  two-thirds  of  iron 
scales  or  flakes,  and  the  other  third  of 
small  crlass  beads,  or  a  substance  called 
roccualia  by  the  Italians.  H'/tile  is  }>re- 
parcd  from  sand,  or  small  white  pebbles, 
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calcined,  pounded,  and  then  ground 
finely  ;  one  fourth  part  of  saltpetre  is  ad- 
ded, and  the  mixture  is  then  again  cal- 
cined ond  pulverized :  when  dyed,  a  lit- 
tle gypsum  or  plaster  of  Paris'is  added. 
I'tilow  is  formed  from  leaf  silver  ground 
and  mixed  in  a  crucible  with  s^tpetre 
or  sulphur :  then  ground  on  a  porphyry 
stone;  and,  lastly,  ground  over  again 
with  nine  times  the  quantity  of  red 
ochre.  JHedj  one  of  the  most  diftienlt  of 
the  colore  to  make,  is  prepared  of  li- 
tharge of  silver  ond  iron  scales,  gum  Ara- 
bic, ferretta,  glass  beads,  and  bloodstone, 
in  nearly  equal  quantities.  Experience 
alone  will  command  success  in  making 
this  color.  Green  is  formed  from  «8 
ustum  one  ounce,  the  same  quantity  of 
black  lead,  and  tour  ounces  of  white  lead, 
incorporated  ^>y  the  action  of  fire.  When 
wilcincd  a  Jburth  part  of  saltpetre  is  od- 
ded,  and  Al'ler  a  second  calcination  a  sixth 
part  more  ;  after  which  a  third  eoction  is 
mad^  before  using  it.  Aziire^  pui-ple^ 
fxwd  vioUt  are  prepared  in  a  similar  man- 
ner to  green,  omitting  the  a>s  ustum, 
and  in  its  stead  using  sulphur  for  azure, 
perigneux  for  purf)le,  and  both  these 
drugs  for  violet.  Carnathms  are  com- 
pounded colors,  arc  calcined,  and  mostly 
mixed  with  water,  and  must  be  flnished 
part  by  part,  and  each  with  great  dis- 
patch, bclore  the  plaster  dries,  and  there 
IS  little  opportunity  for  blending.  The 
lights  eiuinot  be  heightened;  but  the 
siuidows  may,  when  they  begin  to  drv, 
be  a  little  strengthened.  Promptitude 
and  facility  in  execution  are  the  great 
requisites  for  this  method  of  painting. 

GLAUBEirS  SALT.  Sulphate  of  so- 
da, originally  made  by  Glauber,  in  his 
process  for  o>)taiiiing  muriatic  acid,  by 
distilling  a  mixture  of  common  salt  ana 
sulphuric  acid. 

GLAUCOLITE.  (Gr.  yXai-m,  hhi^.') 
A  mineral  of  a  bluish  green  color,  found 
near  the  lake  Baikal,  in  Siberia;  it  is  a 
silicate  of  alumina  and  lime. 

(tLri'lNA.  One  of  tlio  primitive 
earths,  orisjinally  discx)vered  by  Vauque- 
lin,  in  the  beryl  and  emerald.  '  It  may  be 
extracted  from  either  of  these  minerals, 
by  treating  their  powder  successively 
with  pota.-h,  with  water,  and  with  muri- 
atic acid.  The  solution  by  the  latter, 
bciuir  evaponitcd  Xo  dr\  iicss.  Is  to  be  di- 
geste<l  with  water,  and  tiltcred.  On 
pourinif  i'ar])onate  of  iininioniu  in  excess 
iiit(»  the  litjuid,  we  fonn  solu)»lc  muriate 
of  amnioniii,  with  insoluble  caibonntcs  of 
lime,  chrome,  and  iron,  as  also  carbon- 
ate of  glucina,  which  may  be  dissolved 
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oat  ttom  the  rest  by  an  excess  of  oarbon- 
mte  of  ammonia.  When  the  liquid  is  fil- 
tered anew,  the  j^lucina  passes  through, 
and  may  bo  precipitated  m  the  state  of  a 
carbonate  by  boiling  the  liquid,  which 
expels  the  excess  of  ammonia.  By  wash- 
ing, drying,  and  calcining  the  carbonate, 
pure  glucina  is  obtained.  It  is  a  white 
msipid  powder,  infusible  in  the  heat  of 
a  smith'ri  forge,  insoluble  in  water,  but 
soluble  in  caustic  potash  and  soda ;  as  al- 
so, e^pociully  when  it  is  a  hydrate,  in 
carbonate  of  ammonia.  It  has  a  metallic 
base  called  glucinura,  of  which  10()  parts 
combine  with  45*252  of  oxvgen  to  form 
the  earth.  It  is  too  rare  to  fee  susceptible 
of  applittition  in  manufactures. 

GLUE  is  the  chemical  »uh8tnnoo  gela- 
tine in  a  dry  state.  The  preparation  and 
preservation  of  tiie  skin  anU.  other  animal 
matters  employed  in  the  manufacture 
of  glue,  constitute  a  peculiar  bi  aucIi  of  in- 
dustry. Those  who  cxcrd:^c  ii  slmuUl 
study  to  prevent  the  fermentation  of  the 
substances,  and  to  diminish  the  cost  of 
carriage  by  depriving  them  of  iuh  iiiu?h 
water  as  esm  conveniently  be  done.  They 
may  then  be  put  in  preparation  by  mace- 
rating them  in  milk  of  lime,  renewed 
three  or  four  times  in  the  course  of  a 
fortnight  or  three  weeks.  This  process 
is  performed  in  large  tanks  of  miusonry. 
They  are  next  taken  out  with  all  the  ad- 
hering lime,  and  laid  in  a  layer,  2  or  8 
inches  thick,  to  drain  and  dry,  upon  a 
sloping  paveu^ont,  where  they  are  turned 
over  by  prouL*^  two  or  three  timi;;*  a  day. 
The  action  of  the  lime  dissolves  the  blood 
and  certain  soft  parts,  attacks  the  epider- 
mis, and  disfioscs  the  jjchitinous  matter 
to  dissolve  more  rcailily.  AVh''n  the 
cleansed  matters  arc  dried,  they  may  be 
packed  in  sacks  or  ho^^sheads,  and  trans- 

Sorted  to  the  glue  manntactorv  at  any 
istaiicc.  The  priivipal  sul "Stances  of 
which  trhie  is  mane  arc  the  jiariiiL'^  <jf  ox 
and  other  thick  hi<lcs,  which  I'orm  the 
ptroiiL'tst  article  ;  the  rit'iinc  of  the  lea- 
ther-ilre-Hcr ;  both  atford  ff<»m  4'»  to  5.") 
per  cent,  of  glue  Tiie  ti-n«l»>iis,  an<i 
many  other  olVuls  of  .'-!aiiirliter-h"ii-i's, 
also  atVor<l  materials,  thoui^h  of  an  inferi- 
or 4uality,  fir  the  ])iir(H.Bc.  The  refuse 
of  tanneries,  such  jis  the  ears  of  o\iii, 
calves,  sheep,  t^'C,  are  hetter  artielfs; 
but  parin-^'s  ot'  ]i:ire!ime-nt,  old  iflrives, 
and,  m  llict,  animal  skin,  in  c\ci'v  lorni, 
unoniMncd  with  ta!inin,  m:iy  V»e  m.ide 
into  ghio. 

These  various  matters  are  tir>t  riiise-l, 
then  drained,  and  arit-rwanis  Iwulcrl  in 
large    shalh»w    c^ipjier    m-^^cN    top   >omi' 


hoan,  daring  which  they  are  wdl  stir- 
red. 

The  solution  mast  be  drawn  off  in  sno- 
cessive  portions ;  a  method  which  frac- 
tions the  products,  or  sabdivides  them 
into  articles  of  various  value,  gradually 
decreasing  from  the  first  portion  drawn 
off  to  the  last.  It  has  been  ascertained 
bv  careful  cx}>oriment8  that  gelatine  trets 
aftcred  over  the  fire  very  soon  after  it  is 
dissolved,  and  it  ought'  therefore  to  be 
drawn  off  whenever  it  is  sufBciently  fluid 
and  strong  for  forming  a  clear  gelatinous 
mass  on  cooling,  capable  of  being  cut  in- 
to moderately  firm  slices  by  the  wire. 
This  point  is  commonly  determined  by 
filling  half  an  egg-shell  with  the  liquor, 
and  oxi)osing  it  to  the  air  to  cool.  The 
jelly  onght  to  get  very  consistent  in  the 
course  of  a  few  minutes ;  if  not  so,  the 
boiling  must  be  persisted  iu  a  little  long- 
er. When  this  term  is  att^iinctl,  the  fire 
is  smothered  up,  and  the  contents  of  the 
boiler  are  left  to  settle  for  a  quarter  of  an 
hour.  The  stop-cock  being  portudly 
turned,  all  the  thin  gelatinous  liquor  is 
run  otf  into  a  deep  boiler,  immersed  in  a 
warm  water  bath,  so  that  it  may  continue 
h«»t  and  fluid  for  several  hours.  At  the 
end  of  this  time,  the  supernatant  clear 
liquhl  is  to  bo  drawn  off  into  con- 
u'ealing  tioxes,  in  which  the  solution  ns  it 
eools  into  a  jolly  takes  the  shape  of  the 
space.  It  is  then  exp'>se.d  to  the  air,  or  a 
stove  heat,  to  dry,  and  receives  a  gloss  by 
being  dipped  in  water  and  brushed.  It 
is  finally  dried,  and  rendered  fit  for  pack- 
ing. 

GLUTEN  was  first  extracted  by  Bec- 
earia  from  wheat  flour,  ^nd  was  lonsr  re- 
garded as  a  proximate  principle  of  plants, 
till  Kinliof,  Taddei,  and  Kerzelius,  suc- 
ceeded in  showing  that  it  iiuiy  be  re- 
S')lved  by  means  of  alcohol  inio  three 
dilfercnt  substances,  one  of  whicli  re- 
sembles closelv  animal  olbumine,  and  has 
Ix-cn  e:Jled  ^//>/iom/>,  or  veiretable  ull)u- 
minc;  another  has  been  called  Gli*itlinf  f 
and  a  third,  Muaiw,  The  mode  of  sepa- 
ratinir  Lrluten  from  the  other  constituents 
"f  wlieat  flour  has  Ix^en  described  to- 
wards the  end  of  the  article  Bread. 

OliUeJi,  when  dried  in  the  air  or  a 
sto\e,  diminishes  greatly  in  size,  bctx^nies 
hard,  britth',  glistening,  and  of  a  tleep 
vcllow  eol«»r.  It  is  insoluble  in  ether, 
m  fat,  iind  essential  oils,  and  nearly  so  in 
wati  r.  Alc'li"!  mul  acetic  acid  c:iuf»o 
Lflutcn  to  swell  and  make  a  sort  of  milky 
S'luticn.  Dilute  acids  and  alkaline  leys 
di-^solve  Lrlnt».ii.  Its  ultimate  constitu- 
ents are  not  determined,  but  azote  is  one 
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of  them,  and  aooonUn^Iy  whea  moist  glu- 
ten is  left  to  fiurment,  it  exhales  the  smell 
of  old  cheese. 

GLYCERINE  is  a  sweet  substanoe 
which  mav  be  extnKSted  from  fatty  sub- 
stances. If  we  take  e<^iial  parts  of  olive 
oil  and  flnely-^round  Utharge,  pat  them 
into  a  basin  with  a  little  water,  set  this 
on  a  sand  bath  moderately  heated,  and 
stir  the  mixture  constantly,  with  the  oc- 
casional addition  of  hot  water  to  replace 
wliat  is  lost  by  evaporation,  we  shall  ob- 
tain in  a  short  time  a  soap  or  plaster  of 
lead.  After  liaving  added  more  water  to 
this,  we  remove  the  vessel  fVom  the  fire, 
decant  the  liquor,  filter  it,  pass  sulphur- 
eted  hydrogen  through  it  to  separate  the 
lead,  then  filter  afresh,  and  concentrate 
the  uqaor  as  much  as  is  possible  without 
burning  upon  the  sand  oath.  What  re- 
nuuns  must  l)0  finally  evaporated  within 
the  receiver  of  the  air-pump.  Glycerine 
thns  prepared  is  a  transparent  liquid, 
without  color  and  smell,  and  of  a  sirupy 
consistence.  It  has  a  very  sweet  taste. 
Its  specific  gravitv  is  1*27  at  the  tempera- 
ture of  60*^.  When  thrown  upon  burn- 
ing coals,  it  takes  fire  and  burns  like  an 
olU  Water  combines  with  it  in  almost  all 
proportions ;  alcohol  dissolves  it  readily ; 
nitno  acid  converts  it  into  oxalic  acid ; 
and  according  to  Vogcl,  sulphuric  acid 
transforms  it  into  sugar,  in  the  same  way 
ss  it  does  starch.  Ferment  or  yeast  does 
not  affect  it  in  any  degree. 

Its  constituents  are^  carbon,  40 ;  hydro- 
gen, 9 ;  oxygen,  51 ;  in  100. 

GNEISS  is  the  name  of  one  of  the 
great  mountun  formations,  being  reck- 
oned the  oldest  of  the  stratified  rocks. 
It  is  composed  of  the  same  substances  as 
ffranite,  vix. :  quartJE,  mica,  and  feldspar. 
In  gneiss,  however,  they  are  not  in  gmn- 
nlar  crystals,  but  in  scales,  so  as  to  ^ivo 
the  msss  a  slaty  structure.  It  abounds 
in  metallic  treasures. 

GOLD.  This  metal  is  distinguished 
by  its  splendid  yellow  color;  itis  great 
density  =  19*8,  compared  to  water  1-0 ;  its 
fttsibinty  at  the  82d  degree  of  Wcdjje- 
wood's  pyrometer :  its  pre-eminent  duc- 
tility and  malleability,  whence  it  can  be 
beat  into  leaves  only  one  282,0(H)th  of  an 
inch  thick;  and  its  insolubility  in  any 
acid  menstruum,  except  the  mixture  of 
muriatic  and  nitric  acids,  styled  by  the 
alchymists  aoita  rtgui^  because  gold  was 
deemed  by  tnem  to  be  the  king  of  mc- 
tal:». 

Gold  is  found  only  in  the  metallic 
state,  sometimes  crvstollized  in  the  cu)>e, 
and  its  derivative  forms.    It  occurs  also 


in  threads  of  various  siza,  twisted  and  in- 
terlaced into  a  ohain  of  minute  octahedral 
crystals ;  as  also  in  spangles  or  roundish 
grains,  which,  when  of  a  certain  magni- 
tude, are  called  pepiias.  The  small  grains 
are  not  fragments  broken  ttom  a  greater 
moss ;  but  they  show  by  their  flattened 
ovoid  sliapM),  and  their  rounded  outline, 
that  this  is  their  original  state.  The 
spec.  grav«  of  native  gold  varies  fi^m  18-8 
to  17*7.  Humboldt  states  that  the  larg- 
est/M^^ito  known  was  one  found  in  Peru, 
weighing  about  12  kilogrammes  (fi6i  lbs. 
avoird.);  but  masses  have  been  quoted 
in  the  province  of  Quito  which  weighed 
nearly  four  times  as  much. 

It  IS  scattered  over  the  whole  globe  in 
primary  geological  districts ;  in  the  moun- 
tains of  Wicklow  in  Ireland :  in  Lead- 
hills,  Scotland,  and  parts  of  Wales.  In 
France,  in  the  Valley  of  Oyseens,  there 
is  a  vein  of  gold  in  quartz.  Its  aurife- 
rous rivers  are  numerous.  The  Rhone, 
near  Geneva,  the  Khine,  near  Strasbouriri 
the  Salat,  Garonne,  and  the  Herrault. 
The  gold  mines  of  Piedmont  are  still 
worked.  It  is  worked  at  Salzbourg,  in 
Germany,  and  alno  in  Hungary  and 
Transylvania.  The  Asiatic  Ural  chain 
contains  many  gold  mines ;  Africa  pos- 
sesses lortfc  auriferous  deposits,  chiefly 
alluvial.  In  South  America,  Brazil,  Chi- 
li, Peru,  and  Colombia,  furnish  produc- 
tive quantities  of  gold.  It  is  found  in 
Canada,  Maine,  Virfl^inia,  North  and 
South  Carolina,  and  California,  in  this 
continent.  Along  the  Sierra  Nevada^  in 
this  latter  state,  are  found  the  chief  sites 
of  the  gold  difl'used  through  the  quartz 
mass.  Along  the  Yuba,  Trinity,  San  Jo- 
achim, Sacramento,  and  San  Francisco 
rivers,  numerous  rich  placers  have  been 
found  in  the  beds  of  the  ntrcams.  There 
seems  to  Xm  no  limit  to  the  extent  of  the 
quantity  of  jjjold  ditfused  through  the 
granitic  rocks  of  this  district,  from  which 
by  attrition  the  streams  have  derived 
their  gold.  At  Trinity  Bluffs,  the  gold 
scales  are  found  mixed  with  Basaltic 
sand,  which  so  envelops  and  protects 
the  pold  that  it  is  difficult  to  separate  and 
purify  the  metal. 

Auriferous  sands  require  little  treat- 
ment to  separate  the  gold.  The  sands  are 
washed  on  a  rocking  table,  and  after- 
wards in  wooden  bowls  by  hand.  Amal- 
gamation is  employed  to  carry  off  from 
the  sand  the  liirliter  particles  of  p'>ld  j 

uch  of  the  CiJifornia  tfohl  is  obtained 


m 


in  this  way.  In  some  places  the  sand  ia 
so  heavy  as  not  to  allow  the  particles  of 
gold  to  bo   separated,  nor  can  acids  l»o 
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used,  as  lime  and  iron  are  present ;  solu- 
tion of  chlorine  from  chloride  of  lime  has 
been  found  to  separate  the  jrold  ef- 
fectually. In  Soutn  Carolina  the  plan 
adopted  is  this : — The  ore  is  crushea  bv 
huge  rotatinj?  iron  rollers,  during  which 
a  gentle  full  of  water  carries  the  metal,  as 
fust  as  it  is  pulverized,'  throui;h  a  small 
aperture  into  a  narrow  trough,  across 
which,  at  intervalsj  is  a  deponit  of  mer- 
cury. The  trough  is  slightly  inclined,  by 
which  means  the  sand  passes  out  freely 
while  the  gold  adheres  to  the  quicksilver. 
At  the  close  of  the  day  this  mercury, 
with  the  gold  attached,  is  all  taken  out, 
and  by  a  simple  process  called  *'  pan- 
ning," the  nu'tala  are  neatly  separated. 
The  mercury  is  bottled  for  re- use,  and 
the  gold  is  burned  to  eradicate  the  few 
particles  of  mercury  which  still  adhere 
to  it. 

The  other  ores  are  metallic  snlphurcts. 
as  those  of  copper,  silver,  arsoiiio,  ana 
iron.  The  following  is  an  outline  of  the 
treatment  of  these : — The  stony  ores  nrc 
first  ground  in  the  stanipiuir  mill,  and 
then  washed  in  hand-bj\sins,  or  on  wood- 
en tables. 

The  auriferous  sulphurets  are  much 
more  common,  but  much  poorer  than  the 
former  ores ;  some  contain  only  one 
200,000th  part  of  gold,  and  yet  they  may 
be  workea  with  advantage,  when  treated 
with  skill  and  econ«)niy. 

The  gold  of  these  oros  is  separated  by 
two  ditlV;rent  pnx'c-iscs ;  namely,  hy  fu- 
sion and  ainalL'unialion. 

Tlie  aurilVrous  nictallio  sulplmrt'ts  are 
fli*st  roasted  ;  then  nulU'd  into  mnttts, 
which  are  roasted  nnow  ;  lU'Xt  lused 
with  lead,  wlicnce  an  aurifiTon?*  load  is 
obtained,  \vlii<-li  niav  be  reliiie<l  l»v  the 
proees-*  ot  eiipellaf if>n. 

AVlien  the  Lrol<l  ores  are  very  rieli.  tliey 
are  melted  ilirectly  with  leail,  without 
preliminary  eah'ination  or  t'lision.  These 
processes  are,  however,  little  praeti>ed, 
Deeauf*c  they  are  less  eeonomical  and  eer- 
tain  than  anialLfaination,  espe*  ially  wlien 
the  [Told  ores  are  \vv\  por.r. 

Iftlu'se  ores  eon^i^t  ot'eoj^per  ]>yril<'S, 
and  it' their  treatment  liaslie<Ti  j-n^^h*'"!  to 
the  p«*int  of  olitaininir  anrit'erous  ro«-o 
copper,  or  even  hlaek  eopju-r  ineiu'liiiL' 
grmi,  the  pr«'eioiis  metal  eann<'t  hr  sepa- 
rated hy  the  proeess  of  lir|nation.  beeanse 
the  s?old,  havinij  nv>re  attinitv  t<»r  eopjicr 
than  I'or  lead,  ean  W  but  partially  nui  otf 
by  the  latter  inetiil.  F«>r  these  rea>-<ins 
the  proeess  of  ainalt^anialion  is  far  j-n-Hra- 
ahle. 

This  proeess  lacing  the  same  f<»r  silver, 


its  description  is  reserved  for  that  me- 
tal. The  rich  ores  in  which  the  na- 
tive gold  is  apparent,  and  merely  dissem- 
inated in  a  stony  gnngue,  are  directly  tri- 
turated with  quicksilver,  without  any 
preparatory  operation.  As  to  the  poor 
ores,  in  which  the  gold  seems  lost  amid 
a  great  mass  of  iron,  sulphuret  of  copper, 
&c.,  they  are  subjected  to  a  roasting  be- 
fore being  amalgamated.  This  process 
seems  requisite  to  lay  bore  the  gold  en- 
veloped in  the  sulphurets.  The  quick- 
silver with  which  tne  ore  is  now  ground, 
seizes  the  whole  of  its  gold,  in  however 
small  quantity  this  metal  may  bej)resent. 

The  gold  procured  by  the  refining  pro- 
cess with  lead,  is  free  from  copper  and 
Icjid,  but  it  may  contain  iron,  tm,  or  sil- 
ver. It  cannot  be  separated  from  iron  and 
tin  without  great  difficulty  and  expense, 
if  the  proportion  of  gold  be  too  small 
to  admit  of  the  employment  of  muriatic 
acid. 

By  cupellation  with  lead,  gold  mav  be 
deprive(i  of  any  antimony  united  witb  it. 

Tin  eives  pold  a  remarkable  hardness 
and  brittlencss  ;  n  piece  of  gold,  exposed 
tor  some  time  over  a  bath  of  red-hot  tin, 
becomes  brittle.  The  same  thing  hap- 
pens more  readily  over  antimony,  from 
the  volatility  of  this  metal.  A*2,000th 
]>art  of  antimony,  bismuth,  or  lead,  de- 
stroys the  ductility  of  gold.  The  tin 
mav  be  iz<>X.  rid  of  by  throwing  sonie  oor- 
roMue  sublimate  or  nitre  into  a  crucible 
containing  the  melted  alloy.  By  the  first 
Uirent,  perehloride  of  tin  is  volatalizcd  ;  by 
the  second,  (ftaniiate  of  potjish  Ibrms, 
which  is  carried  otf  in  the  resulting  al- 
kaline seoria*. 

(iold  treated  by  the  process  of  amalgm- 
mntion,  <'ontains  commonly  nothing  but 
a  little  silver.  This  silver  is  dissolved 
out  by  nitric  neid,  whieh  leaves  the  gold 
unt..uehed;  but  to  make  this  jMirtintj 
\\\\\\  success  and  economy  on  the  great 
scale,   several  precautions   must   be  ob- 

Ser\('d. 

If  the  gold  do  not  contain  fully  two- 
thinls  of  its  weiirht  of  silver,  this'metal, 
bcinL'"  thorouL'hly  enveloj)ed  by  the  troKl, 
is  partially  screened  trotn  the  action  of  the 
a'  iti.  AVhenever,  therefore,  it  is  known 
by  a  trial  on  a  small  scale,  that  the  tilver 
is  much  b<-l«>w  this  proportion,  we  nnist 
briji'j"  the  allr>y  of  cjold  and  >ilvcr  to  that 
stainlard  by  addinir  the  reonisite  quanti- 
ty ot'  the  latter  metal.  Tliis  process  is 
eallcii  ((uartatioii. 

'rhi>  alloy  is  then  granulated  or  Inmi- 
iiatcl  ;  and  from  twiei*  to  thrice  its 
weiirht  of  sulphuric  or  nitric  acid  ib  to  bo 
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boiled  apon  it ;  and  when  it  is  indeed 
that  the  solution  has  been  pushea  as  far 
ms  possible  by  this  first  acid,  it  is  decant- 
ed, and  new  acid  is  poared  on.  Lastly, 
after  having  washed  the  gold,  some  siil- 
phnric  acid  is  to  be  boiled  over  it.  which 
carries  ofT  a  two  or  three  thousanath  part 
of  .silver,  which  nitric  acid  alone  could  not 
dissolve.  Thus  perfectly  pure  gold  is  ob- 
tained. 

The  aUoy9  of  gold  have  been  examined 
in  detail  by  Mr.  Hatehett.    Of  these  the 
most  iniportant  is  that  ni*ed  for  the  gold 
coin  of  England,  commonly  called  standi 
ard  gold,  which  consists  of  eleven  parts 
of  pore  gold  and  one  of  copper ;  it  is  ex- 
tremely ductile  and  malleable,  but  harder 
than  pure  gold,   and,    therefore,   better 
calculated  to  resist  the  wear  and  tear  of 
circulation.    The  specific  gravity  of  this* 
alloy  is  17'157:  20  lbs.  trov  of  it  arc  coined 
into  934  sovereigns  ana  one  half  sove- 
reign ;    1   lb.   troy,   therefore,   produces 
46   29-40  sovereigns ;    the  same  wcitrlit 
wna  formerly  coined  into  44i   guineas. 
The  color  of  this  alloy  is  deeper  yellow 
than  that  of  pure  gold,  and  verges  uj>on 
orange  :  it  frequently  happens  tliat  a  part 
of  the  alloy  of  gold  coin  is  silver,  hence 
the  pale  color  of  some  sovereigns  as  com- 
pared with  others.    The  United  States 
{»old  contains  an  alloy  of  one-tenth  of  <'op- 
pcr.     Among  the  metals  which  destroy 
the  color  and  malleability  of  gold,  none  is 
so  remarkable  as  lead.     It  appears  from 
Mr.  Hatchett's  experiments,  that  when 
lend  forms  about  one  2M0otli  part  of  the 
alloy,  it  is  too  brittle  for  rolling,  and  that 
the'fnmes  of  lead  destroy  the  good  quali- 
ties of  gold.     The  chemical  equivalent  of 
gold  is  probably  about  200,  and  that  of 
the  protoxide  20S,  and  of  the  protochlo- 
ride  236.     The  peroxide  is  a  compoiiiid  of 
one  proportional  of  gold  and  three  of  oxy- 
gen, and  the  perchlorido  contains  three 
proportionals  of  chlorine.   When  ether  is 
agitated  with  solution  of  chloride  of  ^old, 
it  takes  up  the  metal,  and  forms  a  yellow 
ethereal  solution  of  gold;  when  pf»lished 
steel  instruments  are  dipped  into  this  so- 
lution, and  immediately  washed  in  water, 
and  wiped  with  apiece  of  soft  leather, 
they  become  beautifully  trilt  with  a  very 
thin  film  of  gold.     *Sft^  CiiLDiNO. 

For  the  separation  of  gold  in  a  spongy 
form,  Dr.  C.  Jackson,  of  Boston,  adojtts 
an  economical  plan.  After  separatniL' 
thegoM  and  silver  by  aqua  reiria,  the  so- 
lution containintr  crold  aiul  copper  is  eva- 
porated to  a  small  bulk,  ami  the  excels 
of  nitric  acid  driven  of.  A  little  oxalic 
acid  is  then  added,  and  a  solution  of  car- 


bonate of  potasB  sufficient  to  take  up 
nearly  all  the  gold  as  aurite  of  pota.««s,  is 
gradually  added.  Then  on  excess  of  ox- 
alic acid  is  added,  and  the  whole  boiled. 
The  cold  is  immediately  precipitated  in 
the  form  of  sponge :  tTiis  is  a  suitable 
form  for  the  jeweller  and  dentist. 

Gold,  Artificial:  The  following  is 
Hemsdorf's  proportions  for  imitation 
gold,  which  not  only  resembles  gold  in 
color,  but  also  in  specific  gravity  and 
ductility ;  it  consists  of  16  parts  of  plati- 
tinum,  7  parts  of  copper  and  1  of  zinc, 
put  in  a  crucible,  covered  with  charcoal 
powder,  and  melted  into  a  mass. 

Gold,  Amalgam  :  Place  a  gold  leaf  in 
the  palm  of  the  hand,  ond  pour  upon  it 
a  globule  of  mercury.  The  latter  will  be 
seen  to  absorb,  or  combine  with  the  gold  ; 
forming  a  more  or  less  fiuid  and  yellow 
amalguhi,  according  to  the  proportion  of 
the  two  metals.  This  amalgam  is  used 
in  water  gilding.  The  affinity  of  mercu- 
ry for  gold  and  silver  is  so  strong,  that 
those  who  are  foolish  enough  to  dean 
their  watcli  cases  with  mercury,  or  one 
of  its  salts,  will  find  them  irretrievably 
spoiled  ;  the  same  holds  good  with  plated 
articles  cleaned  by  a  vile  composition, 
sold  about  the  f.treets  for  this  purpose, 
made  of  the  nitrate  of  mercury,  ground 
up  with  whitening. 

Water  crilders  adopt  the  following  plan 
to  make  amalgam  :  They  put  2  dracimis 
of  mercury  into  a  crucible,  and  heat  it 
until  vapor  is  seen  to  issue  from  it ;  now 
throw  into  the  crucible  1  drachm  of  gold 
*»r  silver,  and  stir  them  with  an  iron  rod. 
When  the  gold  or  silver  is  found  to  be 
fused,  or  incorporated  with  the  niercurj', 
the  amalirani  is  poured  into  cold  water; 
when  cold,  pour  otf  the  water,  and  col- 
lect the  amaliraTn.  which  will  be  of  about 
the  consistence  of  soft  butter.  This  af- 
ter having  been  bruised  in  a  mortar,  or 
shaken  in  a  strong  phial,  with  repeated 
portions  of  salt  and  water,  till  the  water 
ccabcs  to  be  fouled  by  it,  is  fit  for  use, 
aiul  may  be  kej)t  for  any  length  of  tinie 
without  injurv  in  a  Rtopj»ed  phial.  It  is 
essential  in  t\iis  manutacture,  that  the 
mercury  should  be  extremely  ]»ure,  as  the 
least  admixture  oflead,  tin.  ormetal  would 
materially  injure  the  gilding  for  which  it 
is  used. 

GOLD-BEATING.  The  malleability 
and  extreme  divisibility  of  gold  are  the 
fnundiition  ot'the  art  of  a"(<l-f""t>>".f-  In 
cons«(|uonco  of  the  woiuK  rfiil  extt'iision 
which  the  goM-lioater  is  enabled  to  ^riye 
to  this  precious  metal,  it  is  emjiloyed  for 
ornamental  puii>oses  to  an  extent  whi(rh, 
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from  its  comparative  soaraty,  would  oth- 
erwise be  impoesible.  Thus,  it  is  esti- 
mated that  an  equestrian  statue,  of  the 
natural  size,  may  be  gilded  with  a  piece 
of  ^old  not  exceeding  in  value  $8.     The 

? gilding  of  the  dome  of  the  Hot^  des  Inva- 
ids  at  Paris  cost  but  £8500.  And  in  In- 
dia, where  it  is  common  to  gild  towers, 
bridges,  gates,  and  coloasal  idols,  it  is 
known  to  be  attended  with  still  less  ex- 
pense. In  goldr-beatiftig^  the  gold  used  is 
as  pure  as  possible,  ana  the  operation  is 
commenccu  with  masses  weiguing  about 
two  oz.  These  are  beaten  into  plutes  six 
or  eight  inches  long,  by  three  quarters  of 
an  inch  wide.  They  are  then  passed  be- 
tween steel  rollers,* till  they  become  as 
thin  as  paper.  Each  one  of  these  is  i¥)w 
cut  into  150  pieces,  and  forged  on  an  an- 
vil till  it  is  about  an  inch  equare,  after 
which  they  are  well  annealed.  Eacli  of 
the  squares  in  this  state  wcigliR  6*4  grs., 
and  in  thickness  is  equal  to  l-7G0lh  of  an 
inch.  The  150  plates  of  gold,  thus  pro- 
duced flpom  one  mass,  arc  interlaid  with 
pieces  of  very  fine  vellum,  about  four 
mches  square,  and  about  20  vellum 
ktaves  are  placed  on  the  outside ;  the 
whole  is  then  put  into  a  ca<«e  of  parch- 
ment, over  winch  is  drawn  another  simi- 
lar case,  so  that  the  packet  is  kept  close 
and  tight  on  all  sides.  It  is  now  laid  ou 
a  smooth  block  of  marble,  and  the  work- 
man begins  the  beating;  with  a  round- 
faced  hammer,  of  16  lbs ;  the  packet  is 
turned,  occasionally,  up^^ide  down,  and 
beaten  with  strong  strokes,  till  tlio  f^old 
is  extended  nearly  to  an  e(inulity  with  the 
vellum  leaves.  Tiie  packet  is  then  taken 
to  pieces,  and  each  leaf  of  guldis<livi(led 
into  four  with  a  steel  knife.  The  Goo 
pieces,  thus  produced,  arc  interlai<l  with 
pieces  of  animal  membrane,  from  the  in- 
testines of  the  ox,  of  the  same  dimension, 
and  in  tlie  same  manner  as  the  vellum. 
The  beating  is  continued,  hut  with  a 
lighter  hammer,  about  12  lbs.,  till  the 
gold  is  brought  to  the  same  dimensions 
as  the  interposed  membrane.  It  is  now 
again  divided  into  four,  by  means  of  a 

f)iecc  of  cane,  cut  to  nn  edi:e.  Tlic  24^00 
eaves  heneo  resultin«r  are  parted  into 
three  ]>ackets,  with  interposed  memhraiie 
as  before,  and  beaten  with  the  finUhin^j, 
or  [idd  bajiimfr.  Tlic  packets  are  now 
taken  to  jiieees,  an«l  the  poKl  leaves,  by 
means  of  a  cane  instruiiu'tit  and  the 
breath,  arc  laid  Hat  on  a  eusiiion  of  lea- 
ther, and  eut,  one  by  one,  to  an  tver. 
square,  by  a  eane  frame;  they  are  lastly 
laid  in  Ivtoks  of  2'>  heaves  each,  th«'  paj»er 
of  wbicli    is    previously  smoothed,  and 


rabbed  with  red  bole,  to  prevent  them 

from  adhering. 

Gold  Wike  is,  in  tact,  only  silver  wire 
gilt,  and  is  prepared  in  the  following 
manner :  A  solid  crylindor  of  fine  silver, 
weighing  about  20  lbs.,  is  covered  with 
thi<^  leaves  of  gold,  wnich  are  made  to 
adhere  inseparably  to  it,  b>[  means  of  the 
burnisher:  successive  laminae  are  thus 
applied,  till  the  quantity  of  gold  amounts 
to  100  gTB.  for  every  lb.  troy  of  silver. 
This  gilt  silver  rod  is  then  drawn  succes- 
sively through  holes  made  in  a  strong 
steel  plate,  tul  it  is  reduced  to  the  size  of 
a  thick  quill,  care  being  token  to  anneal 
it  accurately  after  each  operation.  The 
succeeding  process  is  similar  to  the  for- 
mer, except  that  a  mixed  metal,  somewhat 
seller  than  steel,  is  employed  for  the 
drawing-plates,  in  order  to  prevent  the 
gilding  tVom  bein^  stripped  off;  and  no 
further  annealing  is  requisite  after,  if  it 
is  brought  to  be  as  slender  as  a  crow- 
()uill.  When  the  wire  is  spun  as  thin  as 
is  necessary,  it  is  wound  on  a  hollow  cop- 
per bobbin,  and  carefully  annealed  by  s 
very  gentle  heat;  finally,  it  is  passed 
through  a  fiatting  mill,  and  the  process  is 
complete. 

Gold  Thread. — The  ^Id  thread  com- 
monly used  in  embroidery  consists  of 
threads  of  yellow  silk,  covered  by  fiat- 
tcncd  gilt  wire,  closely  wound  upon  them 
by  machinery. 

Crystallization  or  Gold.  A  small 
glass-stoppered  vial,  containing  a  solu- 
tion of  gold  in  a  mixture  of  nitric  and 
muriatic  acids,  had  stood  neglected  for  a 
considerable  time  (perhaps  four  or  five 
years)  in  a  cupboard.  Upon  accidentally 
examining  it,  it  was  founda  portion  of  the 
aeid  had  escaped,  and  the  gold  crystalliz- 
ed. This  ctlect  had  probably  been  pro- 
!noted  by  a  flaw  in  the  vial,  which  extend- 
ed throutrh  the  neck,  and  a  little  way 
down  its  lenirth.  The  stopper  in  conse- 
quence must  have  been  sligntly  loosened, 
ami  thus  allowed  more  space  for  the  for- 
mation of  a  thin  dendritic  crj-stallization 
of  the  trold.  This  was  further  continued 
down  the  inner  surface  of  the  vial,  and 
was  there  sutlieiently  thick  to  admit  the 
impression  of  minute,  but  distinct  crj's- 
talli/^ition  facets.  A  small  crystallized 
lumpof  ir"hl  lay  at  the  ]>ottoni  of  the  vial; 
but  sn]'j»osed  to  have  been  oritrinally  at- 
taehed  to  the  rest,  and  merely  by  its 
weiirht,  as  luus  since  observed  to  Ixi  the 
tiisf  in  another  portion.  Around  the 
stopper,  and  along  the  flaw,  there  was  a 
sjiime  eoiK-retion,  which  tasted  like  sal- 
ammoniac,  and  as  ammonia  was  kept  in 
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the  Mine  capboard,  it  had  probably  uni- 
ted with  tho  mnriatio  acid  a^  it  cxndcd. 
On  exaraininjCf  some  other  metallic  ao- 
hitiona,  it  wa.s  fonnd  that  a  similar 
separation  of  the  metal  had  taken  place 
in  a  vial  containing  a  solntion  of  plar 
Una,  and  in  another,  containing  a  so- 
Intion  of  palladiam.  In  both  these  cases, 
a  thin,  intermpted,  and  dentritio  lamina 
of  metal  might  bo  seen  between  the 
stopper  and  the  neck  *  bnt  the  crys- 
tallization had  proceeded  no  fitrtlier.  On 
nnstopping  tho  vial  contldninff  the  pla- 
tina,  tiie  lamina  (as  might  have  been 
expected)  immediately  disappeared  in 
the  fonn  of  a  slij^ht  muddy  film. 
These  &cts,  if  multiplied,  may,  per- 
haps, serve  to  throw  some  light  upon  the 
■Kxie  in  which  the  dentritio  laniime  of 
native  gold,  silver,  &c,  are  formed  in 
rocks. 

Gold  (Ciilortoe  op).  Great  difflculty 
has  hitherto  occurred  in  preparing  the 
chloride  of  gold,  of  tho  yellow  and  red 
colors,  perfectly  soluble  in  water,  and 
without  sutTering reduction.  The  follow- 
ing prooef*.ses  arc  recommended  for  thus 
purpose: — 

Ist.  In  order  to  prepore  the  yellow  palt 
of  gold,  take  aqua  regia  prepared  with 
three  parts  of  hydro-chloric  acid,  one  part 
of  nitric  acid,  and  one  of  distilled  water. 
Then  put  one  port  of  pure  gold  into  a 
porcelain  capsule  with  a  plate  of  glass, 
and  heat  it  in  a  salt  water  oath,  the  heat 
being  continued  till  red  vapors  ccjinc; 
the  cover  is  then  to  be  removed,  and  if 
the  gold  is  not  entirely  dissolved,  some 
aqua  rcina  is  to  be  added  to  it,  the  cap- 
sule being  asrain  covered,  tho  heat  is  to 
be  continued  till  vapor  ceases  to  apjicar : 
the  (riass  plate  nmst  then  be  removed  and 
replaced  oy  folds  of  blottiniC  pnpcr,  the 
heat  being  continued  in  the  bath,  until  a 
glaAs  rod,  upon  being  ininicrsi'd  in  tiie 
capsule,  becomes  covered  with  yellow 
solid  chloride  of  gold. 

The  capsule  is  then  to  be  removed  from 
the  salt  water  bath  and  the  chloride  of 
gold  soon  crystallizes  in  small  prismatic 
crystals,  of  a  fine  yellow  color,  with  an 
orimgc  tint.  The  chloride  thus  obtained 
is  perfectly  soluble  in  water  without  re- 
duction; it  is  successfully  employed  in 
Doflrucrreotypo  and  other  operations. 

The  red  chloride  of  gold  (ter-ci)loride) 
is  prepared  in  the  same  maimer,  exoopt 
that  tne  aqua  regia  employed  is  prcntircMl 
with  two  parts  ol  hvdro-chlorie,  anil  one 
part  of  nitric  oeicf.  Tho  operation  is 
commenced  by  octing  upon  gold  with 
excess  of  aqua  regia  on  a  sana  bath,  the 


salt  water  bath  not  beinff  naed  nutil  th« 
gold  is  entirely  dissolvea ;  the  remainder 
of  the  operation  is  conducted  in  the  same 
manner  as  that  for  the  yellow  chloride. 

GOVERNOR.  A  contrivance  for  re- 
gulating the  speed  of  machinery,  which 
has  long  been  in  use  in  mill-work,  bat 
has  of  late  years  attracted  more  attention 
by  its  adaptation  to  the  steam-engine.  It 
consists  of  two  heavy  balls  B  B,  attached 
•  ^  to  tho  extremi- 

ties of  two  rods 
wci^         U  I     BF,BF,  which 

play  upon  a  joint 
at  £,  passing 
through  a  mor- 
tise in  the  verti- 
B  cal  shaft  D  I). 

These  are  united  by  joints  at  F  to  the 
short  rods  F  H,  which  again  arc  connect- 
ed bv  joints  at  U  to  a  ring,  which  slides 
on  the  shaft  D  D.  A  horizontal  wheel, 
W,  is  attached  to  D  D,  having  a  isrroove 
to  receive  a  rope  or  strop  on  its  rim,  by 
means  of  which  tho  motion  is  commuui 
cated  to  1)  1)  from  a  corresponding  wheel 
on  some  shaft  of  tho  machinerr  to  bo  re- 
gulated. It  is  evident,  from  tnc  disposi- 
tion of  the  rods,  that  if  the  balls  B  B  are 
by  any  means  raised  or  drawn  asunder, 
the  extremities  F  F  of  the  rods  turning 
on  the  pivot  E  will  also  be  separated,  and 
their  distance  from  the  axes  increased. 
This  will  draw  the  ro<l8  F  11  in  the  same 
direction,  and  cause  tho  ring  or  collar  II 
to  descend.  This  ring  is  connected  with 
the  end  1  of  a  lever,  whose  fulcrum  is  at 
G,  and  whose  other  extremity  K  is  con- 
nected bv  some  means  with  the  part  ot 
the  machine  which  supplies  tho  power, 
Siii>i»<»se  now  the  velocity  from  any  cause 
to  iiiulerjro  n  pudden  increase  ;  by  reason 
ot  the  increased  ccntrifugtd  force  arising 
from  the  whirling  motion,  the  balls  B  fi 
will  recede  from  the  shaft  D  D,  and  raise 
the  extremity  K  of  the  lever.  On  the 
other  hand,  if  tho  velocity  is  diminished, 
the  centrifii(ral  force  of  the  balls  will  be 
diminished,  and  they  will  fall  bv  their 
own  weight  nearer  the  axes,  and  cause 
the  end  K  of  the  lever  to  descend.  AV  hen 
tlie  governor  is  applied  to  a  steam-en- 
gine, tho  rod  K  I  communicates  with  a 
flat  circular  valve  V,  placed  in  the  princi- 
pal steani-pire,  and  so  arrantred  that  when 
K  is  elevated  as  far  as  the  divertrenee  of 
the  balls  will  allow,  the  oj)eMiii>;  of  tho 
pipe  will  he  closed  by  the  valve  V,  and 
the  jta-isnere  ot'  nteam  entirely  sto])ped. 
On  the  other  hand,  when  the'  balls  sub- 
side to  their  lowest  position,  the  valve 
will  be  entirely  open.     Thus,  when  the 
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velocity  is  incroasod,  the  snpply  of  steam  i 
is  checked ;   and  when  it  is  diminished, 
the  supply  of  steam  is  immediately  in- 
creasea ;  l)v  which  means  a  anifonn  proper 
velocity  of  the  machinery  is  maintained. 

When  the  i^ovemor  is  applied  to  a 
water  wheel,  the  lever  is  made  to  act  on 
the  shuttle  through  which  the  water 
flows,  and  thereby  controls  its  quantity. 
When  applied  to  a  windmill,  it  regulates 
the  s^ailcioth  so  as  to  diminisn  the  efficacy 
of  the  power  upon  the  arms  as  the  force 
of  the  wind  increases,  or  vice  versa. 

GKAFTING.  The  operation  of  affix- 
ing one  portion  of  a  plant  to  another,  in 
such  a  manner  as  that  vital  union  may 
take  place  between  them.  A  gratl  con- 
sists of  two  parts ;  the  stock  or  stem, 
which  is  a  rooted  plant,  fixed  in  the 
ground,  and  the  scion,  a  detiiched  por- 
tion of  another  plant,  to  be  affixed  to  it. 
The  operation  or  gniftinjj  can  only  be  per- 
fortjied  within  certain  limit.s. 

In  general,  all  the  sj>ccies  of  one  genus 
may  be  grafted  on  one  another  recipro- 
cally ;  but  tliis  is  not  universally  the  case, 
because  the  apple  cannot  be  grafted  on 
the  pear,  at  least  not  lor  any  uset'iil  pur- 
pose. In  general,  it  may  be  presumed 
that  all  the  species  of  a  natural  order,  or 
at  least  of  a  tribe,  may  be  grat\ed  on  one 
another;  but  this  doc^  not  iiokl  good  uui- 
versolly.  The  reverse  of  this  doctrine, 
however,  that  the  species  bdonginsr  to 
different  natural  onk-rs  cannot  bctrraltod 
on  one  another  hoMs  almost  universally 
true;  and  thcre!'<>ro  a  safe  ])rartical  con- 
clusion isJ,  that  in  clioo^iiiL'  a  >tock.  the 
nearer  in  allinity  the  spc«ics  to  which  tliiit 
stock  bclont;s  is  to  the  ^cion,  the  niuro 
certain  will  be  the  success. 

GratVmg  is  one  of  the  most  imiHtrtant 
operatio^^^  in  horticulture,  as  ailordinij 
the  most  eliLrible  means  of  nndtiplyinL' 
and  perpetuatiui^  all  our  best  vurieliesof 
fruit-trees,  and  many  kinds  of  trees  and 
shrubs  not  so  conveniently  [»roi):ii:ated  by 
other  means.  Varieties  of  fruits  are  ori- 
ginallv  procured  by  selecli<Mi  from  j'lants 
raise({  lrc»m  seed,  but  thcv  can  only  be 
perpetuated  by  sonu*  mo«le  which  con- 
tinues the  individual;  and  tho\ii:li  this 
mav  be  done  bv  euttin<rs  and  hivrr**,  vet 
bv  far  the  most  eliLrlble  mode  is  l»v  t'rntV 
ing.  as  it  produces  stninLrer  plants  in  a 
shorter  tinu'  than  any  other  methods. 

Crafting  is  performed  in  a  L'rcat  many 
different  ways,  but  the  most  eli,Lril>Ie 
for  onlinary  purposes  i"<  what  is  rom- 
monly  called  splicc<l  irrMfiinir  or  whip 
grafting.  In  oxecutiniz:  this  nio.le,  both 
the     scion     atid    the    stock     arc    p;u\d 


down  in  a  slanting  directiou;  afterward 
applied  together,  and  mode  fast  with 
strands  of  bust  matting,  in  the  same 
manner  as  two  pieces  of  rod  are  spliced  • 
together  to  form  a  whip  handle.  To  in- 
sure success,  it  is  essentiallv  necessary 
that  the  albnmimi  or  inner  bark  of  the 
scion  should  coincide  accurately  with  the 
inner  bark  of  the  stock,  because  the  vital 
union  is  effected  by  the  sap  of  the  stock 
rising  up  through  the  sort  wood  of  the 
scion.  After  the  scion  is  tied  to  the 
stock,  the  grafMs  said  to  be  made ;  and 
it  only  remains  to  cover  the  part  tied 
with  a  mass  of  tempered  day,  or  any 
convenient  composition  that  wiU  exclude 
the  air.  The  sciison  for  performing  the 
operation  is,  for  all  deciduous  trees  and 
snmbs,  the  spring,  immediately  before 
the  movement  of  tlie  sap.  The  spring 
is  also  the  most  favorable  season  for  ever- 
greens ;  but  the  sap  in  this  class  of  plants 
being  more  in  motion  during  winter  than 
that  of  deciduous  plants,  grafting,  if 
thoui^ht  necessary,  might  be  performed 
at  that  season. 

Graftinfj  hy  approach^  or  inarching^  is 
a  mode  of  grafting,  in  which,  to  make 
sure  of  success,  the  scion  is  not  separated 
from  the  parent  plant  till  it  has  become 
united  with  the  stock.  For  this  ])ur- 
pose,  the  stock  and  the  plant  containing 
the  scion  must  be  growing  close  together ; 
and  the  scion  being  drawn  to  one  side, 
and  made  to  a]^]>roach  the  stock,  issplieea 
to  it  by  cuttiiii:  off  a  portion  of  its  bark 
and  wood,  and  a  similar  jwrtion  of  the 
bark  and  wood  of  the  stocK,  applying  the 
one  to  the  other  so  that  their  alburnums 
may  join,  and  then  makin<r  both  last  by 
iimttinir,  and  e.xchuling  the  air  by  clny, 
trraftin<:  wax,  or  moss.  When  the  scion 
has  elfccted  a  vital  union  with  the  stock, 
its  lower  extremilv  is  cut  throujfh,  so  as 
to  sejtarate  it  from  the  parent  plant,  and 
it  n(»w  becomes  an  inde]>endent  graft. 
In  this  way  trees  of  difhcuit  propagation 
may  be  pro])airated  with  certainty  ;  while 
if  any  of  the  other  modes  of  propagation, 
whether  by  cutliiiirs  or  cral\int%  were 
adopted,  a  proT)ortioii  of  the  cuttinjjs  or 
scions  would,  ni  all  probability,  l>e  lost. 

(imfdfitj  furf'ortiins phmt.<  differs  in  no- 
tliinir  froni  (rraftiuLr  such  as  arc  of  a 
woody  nature,  exceptinu'  that  tlie  opera- 
tion is  ])erformed  when  both  stock  and 
scion  are  in  a  state  of  vi^'orous  prowth. 
(irat'tinir  herbaceous  plants  is  but  little 
practised  in  Knt:lanil,  and  on  the  Conti- 
nent chiciiy  as  a  matter  of  amusement. 
The  only  usi'tul  purpose  to  which  it  has 
hitherto  been  applied,  is  that  of  grafting 
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the  liner  kinds  of  dahlias  on  tubers  of  the 
more  common  and  vigorous  growing  sorts. 
In  the  Paris  gardens  the  tomato  is  some- 
times grafted  on  the  potato,  tlie  cauli- 
flower on  the  borecole,  and  one  gourd  on 
another,  as  matter  of  curiosity. 

drafting  the  herbaceous  aho&ts  of  woody 
planU — ^the  greffe  herbace  of  the  Frcncn 
— is  scarcely  known  among  English  gar- 
deners; but  it  has  been  extensively  em- 
ployed by  French  nurserymen,  and  even 
m  some  of  the  royal  forests  of  Franco. 
The  scions  are  formed  of  the  points  of 
growing  shoots ;  and  the  stocks  arc  also 
the  points  of  growing  shoots  cut  or 
broken  over  an  inch  or  two  below  the 
point,  where  the  shoot  is  as  brittle  as  as- 
paragus. The  operation  i^  performed  in 
the  cleft  manner :  that  is,  bv  cutting  the 
lower  end  of  the  scion  in  the  form  of  a 
wedge,  and  inserting  it  in  a  cleft  or  slit 
made  down  the  middle  of  the  stock.  The 
finer  kinds  of  azalias,  pines,  and  firs  arc 
propagated  in  this  wav  in  the  French 
nurseries,  and  thousands  of  Pinus  lari- 
cio  have  been  so  grafted  on  Pimm  sylve^- 
irtJt  in  the  forest  of  Foutaincbleau.  At 
Hopetouu  House,  near  Edinburgh,  this 
mode  of  grafting  has  been  succcssfullv 
practised  with  Abifs  SnUthiana^  the  stock 
oeing  the  common  spruce  fir. 

GRANITE  is  considered  as  the  foun- 
dation rock  of  the  globe,  or  that  upon 
which  all  secondary  rocks  repose.  From 
its  great  relative  depth,  it  is  not  often 
met  with,  except  in  Alpine  situations, 
where  it  presents  the  appearance  of  hav- 
ing broken  through  the  more  superficial 
strata  of  the  earth,  the  beds  of  other 
rocks  in  the  vicinity  rising  towards  it  at 
increasing  angles  ot  elevation  as  they  ap- 
proach it.  It  is  composed  of  three  mi- 
nerals, viz.,  quartz,  feldspar,  and  mien, 
which  are  more  or  less  perfectly  crystal- 
lized and  closely  united  together. 

The  three  constituents  of  granite  are 
as  under,  taking  their  mean  : 

F«Uiiip«r.  Qnnriz.  Mi«rft. 

SIHC* M  9«  47 

Alumina.....  19  2  22 

Lime 2  2 

Potash 13  0  14  5 

Iron,  (oxide)  1  0  15 

M«ng.(do.).  0  0  1-75 

Granite  has  been  divided  into  several 
•nb-specics,  or  varieties  ;  of  tlicr*e,  tiio 
following  are  the  most  important :  — 
Common  graniU^  in  which  the  tliri'o 
ordinary  constituents  above-mentioMLd 
occur  in  nearly  equal  proportions  ;  the 
feldspar  may  be  white,  red,  or  gray. 
Porphyritk  yranUe^  in  which  large  orys- 
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tola  of  feldspar  are  disseminated  through 
a  common  granite,  whose  ingredients 
are  fine  grained.  Graphic  granite^  which 
consists  of  feldspar  in  broad  lamins, 
penetrated  perpendicularly  with  long 
imperfect  crj'staJs  of  quartz,  whose  trans- 
verse angular  sections  bear  some  resem- 
blance to  certain  letters,  especially  to 
those  of  Oriental  languages.  SieniU  or 
sienUic  granite^  in  which  hornblende, 
either  wholly  or  in  part,  supplies  the 
place  of  mica.  Talcky  or  chlorUic  granite 
(the  proti»gin€  of  the  French),  in  which 
talc  or  chlorite  takes  the  place  of  the 
mica.  FcUlspathic  granite^  in  which  feld- 
spar is  the  principal  in^dient. 

The  aspect  of  granitic  mountains  is 
extremely  diverse,  depending,  in  part, 
upon  the  nature  of  its  stratification,  ana 
the  degree  of  disintegration  it  has  under- 
gone. Where  the  beds  ore  nearly  hori- 
zontal, or  where  the  granite,  from  the 
preponderance  of  feldspar,  is  soft  and 
disintegrating,  the  summits  are  rounded 
and  heavy.  Where  hard  and  soft  granite 
ore  intermixed  in  the  same  mountain, 
the  softer  granite  is  disintegrated,  and 
fails  away,  leaving  the  harder  blocks  and 
masses  piled  in  confusion  upon  each 
other,  liKo  an  immense  moss  of  ruins. 
Where  it  is  hard,  and  the  beds  ore  nearly 
vertical,  it  forms  lofty  pyramidal  peaks 
or  aiguilhs^  like  the  Aiguille  de  Due  and 
others,  in  the  neighborhood  of  Mont 
Blanc. 

Granite  forms  some  of  the  most  lofty 
of  the  mountain-ehoins  of  the  ea.steni 
continent.  In  Europe,  the  central  port 
of  the  principal  mountain-ranges  is  of 
this  rock — as  in  Scandinavia,  the  Alps, 
the  Pyrenees,  and  the  Carpathian  moun- 
tains.' In  Asia,  eranito  torms  o  consi- 
derable part  of  tiic  Uralian  ond  Altaic 
ranijes  of  mountains  ;  and  it  appears, 
also,  to  compose  the  principal  mountains 
that  have  occn  examined  in  Africa ; 
wliereas,  in  the  western  hemisphere,  it 
has  never  been  observed  rising  to  such 
great  elevations,  or  composing  such  ex- 
tensive chains.  It  is,  nevertheless,  very 
ahtmdantly  distributed  over  the  northern 
parts  of  the  American  continent,  as  in 
Labrador,  the  Cana<las,  and  the  New 
Euirland  States.  In  Now  }Iamy)shire,  it 
is  I  lie  prcdominatinii:  rock  of  the  White 
Mountains,  in  which  it  attains  the  eleva- 
tion of  more  thnn  Good  iVct.  In  the 
Andes,  it  has  lu-cn  observed  at  the 
luiirlit  of  U.ooo,  l)iit  is  lure  ircncraliy 
covered  by  an  inmu-n'^c  ni:iss  of  iii:ittcr, 
ejected  by  anrioiil  mikI  n-cciit  crn|»lions. 

Granite  very   fiv'iucntly  forms  veins 
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shootinur  up  into  tho  saperinonmbent 
rocks,  which  seemB  to  indicate  that  it 
has  existed  below  in  a  state  of  fusion, 
the  heat  of  which  has  softened  ana 
parted  the  upper  rocks,  and  forced  up 
the  granite,  iu  a  melted  state,  into  those 
fissures. 

Granite  abounds  in  crystallized  earthy 
minerals ;  and  these  occur,  for  the  most 
part,  in  tho»o  masses  of  it  existing  in 
veins.  Of  these  minerals,  beryl,  garnet, 
and  toarniolinc,  are  the  iiiost  abundant. 
It  is  not  rich  in  metallic  ores,  though  it 
contains  the  principal  mines  of  tin,  as 
well  as  small  quautitics  of  copper,  iron, 
tungsten,  bismuth,  silver,  columbium, 
and  molybdenum. 

Granite  supplies  durable  materials  for 
architecture  and  for  decoration.  It  va- 
ries much  in  hardness,  as  well  as  in  co- 
lor ;  accordingly,  there  is  room  for  much 
care  and  taste  in  its  selection. 

GRANULATION  ;  the  method  of  di- 
viding metallic  substances  into  grains  or 
small  particles.  This  is  done  cither  by 
pouring  the  melted  metal  into  water,  or 
Dy  agitating  it  in  a  box  until  the  moment 
of  coagulation,  at  which  instant  it  be- 
comes converted  into  a  powder. 

GRAPES.  The  method  of  training 
vines  at  Fontainebleau,  where  the  famous 
grapes  are  produced  that  supply  the 
Paris  markets,  consists  in  allowing  the 
plants  very  little  room  to  grow  either 
with  their  branches  or  their  roots,  and 
in  keeping  the  latter  very  near  the  sur- 
face of  the  ground  ;  caeli  vine  is  only 
allowed  to  oix^upy  a  ppnce  of  a)>out  six 
feet,  80  that  the  walls  are  supj»lied  by  a 
multitude  of  plantH. 

The  error  in  growinrf  grapes  in  Britain 
consirtts  in  training  tliem  into  elevations. 
They  ripen  best  wiien  trained  near  tiie 
ground,  in  open  air.  Tlie  heat  of  hot- 
houses is  an  exception.  Vineyards,  in 
France,  resemble  plantations  of  iroc»e- 
berry-bushes,  with  tlie  bunohes  cl(»se  to 
the  soil,  the  heat  of  wliioli  ripe-ns  them. 

Grape  Wine.  Take  water  4 J  {rnlls., 
grapes  5  galls.,  crushed  and  soaked  in 
the  water  7  days,  sut:ar  17i  Ihs.  The 
cask  in  whioh  it  was  made  liel.l  exactly 
6J  galls.,  and  produced  84  bottles  ot'^^in'e 
clear.  A  bottle  kept  10  years  proved 
verv  pood. 

To  jfrtMt  riY  Gnrpcji.  Take  a  well-bound 
ca«»k,  from  which  the  head  is  to  be  re- 
moved, and  place  at  the  Ix^ttom  a  ltooiI 
layer  of  bran.  On  this  place  a  la\crof 
grapes,  then  bran  and  ^rrapes  alternatelv 
until  the  cask  is  full.  Put  on  the  head, 
which  is  to  be  cemented,  imd  the  grapca 


will  keep  for  a  year.  Wb€n  used,  in 
order  to  restore  their  lyeshness,  fresh 
cut  the  stalk  of  each  bunch,  and  phice  it 
in  wine,  as  flowers  are  placeid  in  water. 

GRAPE-SHOT.  In  artillery,  a  quan- 
tity of  small  shot  put  into  a  canvas  bo^, 
and  corded  together  in  the  form  of  a 
cylinder,  the  diameter  of  which  is  adapt- 
ed to  the  piece  of  ordnance  fVom  which 
it  is  intended  to  be  discharged.  It  is 
now  superseded  bv  canut^r-shot. 

GRAPU0MET£R.  A  mathematical  in- 
strument used  in  land  surveying ;  other- 
wise called  a  tetnieircU. 

GRAPHITE.  The  substance  impro- 
perly called  Uack  lead,  of  which  pencils 
are  made.  It  is  a  peculiar  form  of  mi- 
neral carbon  with  a  trace  of  iron.  The 
finest  is  found  only  at  Borrodale  in  Cum- 
berland. Coarse  varieties  are  not  un- 
common. It  occurs  very  abundantly 
throughout  the  United  States. 

GRAPNEL.   A  small  anchor  for  a  boat. 

GRAPLING  IRONS.  Small  grapnels 
with  four  flukes  for  securing  ships  toge- 
ther in  action. 

(jRASS,  is  the  union,  in  spring,  of  11 
species  of  natural  grasses  in  one  pasture ; 
in  summer  of  11  other  species,  and  in 
autumn  of  8  others,  florin,  varrow,  and 
couch.  Certain  weeds  and  rfowers,  also, 
mingle  in  small  quantities,  as  butter- 
cups, burnet,  sorrel,  dock,  Ac.  Some 
species  prevail  in  particular  soils,  but  the 
most  general  in  all.  is  cocksfoot,  meadow- 
feseue,  crested  dog's-tail,  hand-fesciie, 
sweet-scented  vernal,  rye,  (grasses,)  and 
upright  brome.  The  meadow  fox-toil 
and  oat-grasses  occasionally  abound. 

(4RAY  DYE.  The  gray  dyes,  in  their 
numerous  shades,  arc  merely  various  tints 
of  black,  in  u  more  or  less  diluted  state, 
from  the  deepest  to  the  lightest  hue. 

The  dyeinc:  materials  are  essentially 
the  tannic  and  gallic  acid  of  galls  or  other 
astrimrents,  jilong  with  the  sulphate  or 
acetate  of  iron,  and  occasionally  winc- 
i^tone.  Ash-gray  is  given  for  30  pounds 
of  woollen  stutf,  by  one  pound  of  gall- 
nuts,  i  pound  of  wine-stono  (crude  tar- 
tar), ana  )ik  pounds  of  sui]»hate  of  iron. 
The  LTii'ls  aiKitiie  wine-stone  beinff  boiled 
with  fnin  To  to  bO  pounds  of  water,  the 
stulf  is  to  l)e  turned  throu;.''h  the  decoc- 
tion at  a  boiling  heat  for  half  an  hour, 
then  taken  out,  when  the  bath  being  re- 
iVohed  with  eoKl  water,  the  coi)j>eras  is 
t'»  be  added,  and,  lus  soon  as  it  is  dissolved, 
the  start' is  to  be  nut  in  and  fuUv  dved. 

J*<(U'l--ijr<ii/  is  produee<l  by  passing  tho 
stuff  tirst  throuirii  a  decoction  of  sumach 
and  loL^wood  (two  pounds  of  the  former 
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to  one  of  the  latter),  afterwards  through 
a  dilate  solation  of  sulphate  or  ocelatc  of 
iron ;  and  finishing  it  in  a  weak  bath  of 
weld  containing  a  little  alam.  Mcmw- 
gray  is  obtained,  when  with  the  same 
proportions  as  for  ash^ov,  a  small  quon- 
tity  of  alum  is  introduced. 

For  several  other  shades,  as  tawny- 
gray,  iron-gray,  and  slate-jzniy,  the  staff 
most  receive  a  previous  blue  ground  bj 
dipping  it  in  the  indigo  vat ;  then  it  is 
passed  first  through  a  boiling  bath  of 
sumach  with  galls,  and  lastly  through 
the  same  bath  at  a  lower  temperature 
after  it  has  received  the  proper  quantity 
of  solution  of  iron. 

For  dyeing  silk  gray,  fustet,  logwood, 
sumach,  and  elder-tree  bark,  are  employ- 
ed instead  of  galls.  Archil  and  annotto 
are  frequently  used  to  soften  and  beau- 
tify the  tint. 

GRAVITY.    {See  Specitic  GRAvrrr.) 

GBFA6E.    -4n/i-ottrition  for  axles : 

let.  One  part  of  fine  black  lead,  ground 
perfectly  smooth,  with  four  parts  lard. 
Bome  recipes  add  a  little  camplior. 

2d.  Bo<yrH's  Axle  Grease,  (expired  pa- 
tent.^ Dissolve  k  lb.  of  common  soda  iu 
1  gallon  of  water;  add  8  lbs.  of  tallow. 
and  6  lbs.  palm  oil  (or  10  lbs.  palm  oil 
only),  heat  them  together  to  200  or  210° 
Fahr. ;  mix  and  keep  the  mixture  con- 
atantly  stirred  till  the  composition  is 
cooled  down  to  60  or  70^^.  A  thinner 
composition  is  made  with  i  lb.  of  soda,  a 
gallon  of  water,  a  gallon  of  rape  oil,  and 
I  lb.  of  tallow  or  palm  oil. 

GKEEN  PAINTS.  Green,  which  is  so 
common  a  color  in  the  vegetable  kingdom, 
is  very  rare  in  the  mineral.  There  is  only 
one  metal,  cooper,  which  affords  in  it's 
combinations  tne  various  sliadcs  of  croc  n 
in  general  use.  The  other  metals  capable 
of  producing  this  color  are,  chromium  in 
its  protoxyao,  nickel  in  its  hydruted  ox- 
yde^  as  well  as  its  salts,  the  selcniatc,  ar- 
seniate,  and  sulphate  ;  and  titanium  in  its 
prussiate. 

Green  pigments  ore  prepared  also  by 
the  mixture  of  yello^^'s  ond  blues  ;  as,  for 
example,  the  green  of  Rinman  and  of 
Gellert,  obtained  by  the  mixture  of  cobalt 
blue,  and  flowers  of  zinc;  that  of  Barth, 
made  with  yellow  lake,  Prussian  blue, 
and  clay ;  but  these  paints  seldom  appear 
in  the  market,  because  the  preens  are  pc- 
nerolly  extemporaneous  preparations  of 
the  artists. 

Mountain  green  consists  of  the  hydrate, 
ox^de,  or  carbonate  of  copper,  eitlier  fac- 
titious, or  as  found  in  nature. 

Bremen  or  Bruntwick  green  is  a  mixture 


of  carbonate  of  copper  with  chalk  or  lime, 
and  sometimes  a  little  magnesia  or  am- 
monia. It  is  improved  bv  an  admixture 
of  white  lead.  It  may  be  prepared  by 
adding  ammonia  to  a  mixed  solution  of 
sulphate  of  copper  and  alum. 

Friee  green  is  prepared  with  sulphate  of 
copper  and  sal  ammoniac 

JiiUit  green  is  an  arseniate  of  copper ; 
made  by  mixing  a  solution  of  acetate  or 
sulphate  of  copper  with  arsenite  of  potash. 
It  IS  in  fact  Schoel's  ^rcen. 

Sap  green  is  the  inspissated  juice  of 
buckthorn  berries.  These  are  aUowed  to 
ferment  for  8  days  in  a  tub,  then  put  in  a 
press,  adding  a  little  alum  to  the  juice, 
and  concentrated  by  gentle  evaporation. 
It  is  lastly  put  up  in  pigs^  oladders, 
where  it  becomes  dry  and  hard. 

Schweinfurt  green  ;  see  Schwknfurt. 

F<awna  greeti  is  merely  a  variety  of  the 
mineral  ciQled  green  earth. 

GREEN  VITRIOL  is  sulphate  of  iron 
in  green  crystals. 

GREEN,  PRUSSIAN,  is  the  sediment 
of  the  two  first  processes  for  making 
Prussian  blue,  before  the  muriatic  acid  is 
added ;  or  it  may  bo  made  by  pouring 
oxymuriatic  acici  upon  fresh  precipitated 
Prussian  blue. 

GREYWACKE,  a  German  word  of 
three  syllables,  which  imports  a  forma- 
tion of  distinct  pieces  of  quartz,  hard 
slate,  and  feldspar,  combinea  in  a  bed  of 
clay  slate.  But  when  the  pieces  are  gran- 
ulated in  the  clay  state,  it  is  then  called 
grey  wucke  slate.  It  contains  early  shells 
though  a  transition  rock ;  also  transition 
limestone  and  trap,  with  many  ores  and 
veins.  Since  its  formation  there  must 
have  been  at  least  12  revolutions  of  the 
perihelion. 

GUANO  or  HUANG.  A  substance 
first  noticed  by  Humboldt  and  sent  by  him 
from  Peru  to  Frimce,  where  it  was  ex- 
amined by  Vauquelin.  It  is  the  excre- 
ment of  sea-birus  inhabiting  the  coast  of 
South  Seas.  Besides  excrement,  it  is 
made  up  of  the  remains  of  penguins, 
albatrosses,  and  gannettSj  l>ooby  birds  and 
seals.  It  is  found  at  Chmcha'and  Payta, 
in  Peru,  and  in  Chili.  It  also  abounds  in 
Ichaboe  and  a  few  smaller  islands  off  the 
West  coast  of  Africa,  Peruvian  guano 
is  found  on  the  islands  of  the  Pacific,  near 
the  coast  of  Peru,  and  some  of  the  head- 
lands on  the  adjacent  shores  l)Ct\vccn  lat. 
18^  and  21°  South.  It  is  hero  deposited 
to  the  depth  of  bO  and  60  feet.  vVithin 
this  district  rain  seldom  falls,  and  there 
is  little  waste  either  of  the  substance  or 
quality  of  tliese  accumulations  from  the 
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lapse  of  time  or  the  action  of  c]ement«. 
Tne  water  fowl,  which  resort  to  tliis  const 
oad  the  vicinal  island,  subsist  principally 
on  fish,  and  their  feeces  are,  of  course, 
richer  in  nitrogen  than  any  species  of  the 
feathered  tribes,  excepting  such  as  are 
exclusiveljr  carnivorous. 

The  Chmcha  islands,  which  afford  the 
best  Peruvian  guano,  are  three  in  num- 
ber, and  lie  in  one  line  from  north  to 
south,  about  half  a  mile  apart.  Each  is- 
land is  from  Ave  to  six  miles  in  circum- 
ference, and  consists  of  granite  covered 
with  guano  in  some  places  to  a  height  of 
200  feet,  in  sueceasivo  horizontal  strata, 
each  stratum  being  from  8  to  10  inches 
thick,  and  varving  in  color  from  light  to 
dark  brown.  5lo  earthly  matter  whatever 
is  mixed  with  this  vast  mass  of  excre- 
ment. At  Mr.  Bland's  visit  to  these  is- 
lands in  1842,  he  observed  a  perpendicu- 
lar surface  of  upward  of  100  feet  of  per- 
fectly uniform  aspect  from  top  to  bottom. 
In  some  parts  of  these  islands,  however, 
the  deposit  does  not  exceed  8  or  4  feet  in 
thickness.  In  several  places,  where  the 
surface  of  the  guano  is  100  feet  or  more 
above  the  level  of  the  sea,  it  is  strewed 
here  and  there  with  masses  of  granite, 
like  those  from  the  Alpine  mountains, 
which  arc  met  with  on  the  slopes  of  the 
Jura  chain.  These  seem  to  indicate  an 
ancient  formation  for  the  guano,  and  ter- 
raqueous convulsions  since  that  periotl. 
No  such  granite  masses  are  found  nn bed- 
ded within  the  guano,  but  only  skektons 
of  birds. 

The  good  preservation  of  tlic  Cliinclia 
guano  is  to  be  ascribed  to  tlic  altSfiKC  of 
rain;  wliieli  rarely,  it'ever,  lUlls  Intwien 
the  latitude  ot"  14-  soutli,  wlit-re  these  is- 
lands lie,  about  10  miles  t'n>in  the  main 
land,  and  the  latitude  of  riKjuini,  on  the 
island  of  Bolivia,  in  21  '  S.  L.  By  far  the 
soundest  curiroes  of  jruano  wliirh  have 
been  aruilyzed  have  coint-  t'rom  (  hinchaand 
Bolivia.  Beyontl  these  limits  of  latitude, 
where  rain  falls  in  irreater  or  loss  abun- 
dance, tli«'  ffuano  is  of  le^-s  value — and 
what  has  been  imported  fr(>m  Chili  has 
been  found  very  far  advanced  in  «lceay 
— most  of  the  annn<>nia  and  a/oti/od  ani- 
mal substances  havini.r  been  <lecomj)0'ie<l 
by  moisture,  and  •li'*>ijialed  in  tlie  air  (by 
the  tniii'iC'inni'^  of  Liebitr  i,  leavim;  j)hos- 
phate  ot'lime  larLTcly  to  jiredomitiate  alono- 
with  etfcte  ortranic  maUer.  Tlie  ranu'e  of 
the  American  c^ast  from  whieli  thr  L'>ian'> 
is  taken  mu-^t  therefore  he  well  (•< Misi.hr- 
cd  ;  and  should  not  extend  nmeh  beyond 
the  i  'hinclia  islands  as  the  niTl hern  limit, 
and  I'ajuiea,  in  l><>li\ia,  a>  the  southern. 


Pomvian  ^uano  is  of  a  light  brown  co- 
lor, resembhng  yellow  loam,  and  is  the 
best  guano  yet  discovered,  or  than  any 
other  manure  yet  known  ;  besides  nitro- 
gen, which  it  contiuns  so  abundantly,  it 
contains  a  lartre  amount  of  phosphoric 
acid  united  with  lime  and  magnesia,  and 
as  both  of  these  substances  are  so  neces- 
sary to  the  cultivated  crops,  it  is  the  rea- 
son whv  this  substance  is  the  manurt. 
Tlie  following  remarks  of  Dr.  Ure  ex- 
plain this  point  more  fully : — 

The  admirabic  researclies  of  Professor 
Liebig  have  demonstrated  that  Azote, 
the  indispensable  element  of  the  nourish  • 
meiit  of  plants,  and  especially  of  wheat 
and  others  abounding  in  gluten  (an  azo- 
tized  product),  must  be  presented  to  them 
in  the  state  of  ammonia^  yet  not  altoge- 
ther ammonia  in  the  pure  or  saline  form, 
for,  ns  such,  it  is  too  readily  evaporated 
or  washed  away  j  but  in  the  dormant,  or 
as  one  may  say,  in  the /v>^€rt^/z/ condition 
in  contradistinction  Irom  the  actual. 
Genuine  Peruvian  and  Bolivian  guanos, 
like  those  which  have  been  minutely  ana- 
lyzed, surpass  very  far  all  other  species  of 
manure,  whether  natural  or  artificial,  in 
the  quantity  of  pottnlial  ammonia,  and, 
therelbre,  in  the  yiemianency  of  their  ac- 
tion upon  the  roots  of  plants,  while,  in 
consequence  of  the  ample  store  of  actual 
ammonia  which  they  contain  ready  fonn- 
ed,  they  arc  qualitied  to  give  imuicdiato 
vigor  to  vegetation.  Urate  of  ammonia 
coiiftiintes  a  considerable  portion  of  the 
jizotized  organic  matter  in  well-preserved 
guano;  it  is  nearly  insoluble  in  water, 
not  at  all  volatile,  and  is  capable  of  \icld- 
iiiir  to  the  soil,  by  its  >lowdecom[»osition, 
nearly  otie-third  of  its  wei^fht  of  amnv>nia. 
^'o  other  manure  can  rival  thi^  animal  s;t- 
line  comi>(»und.  One  ol' the  said  samj>les 
of  irnnno  alforded  me  no  less  than  17  per 
cent,  of  potentijd  umm<.»nia,  bc^ides  4i 
per  cent,  of  the  actual  or  readv  formed  ; 
others  from  7  to  b  per  cent,  ot  ammonia 
in  eath  of  these  states  res}»ectively. 
These  ^nianos  which  were  examined  are 
the  mere  excrement  of  birds,  and  are 
(juite  free  from  the  sand,  earth,  clay,  and 
common  salt,  reported  in  the  analyses  of 
some  tiuaiios,  and  one  ol' which  (sand)  to 
the  amount  (>f  :')i' per  cent,  has  been  found 
in  a  sam]>Ie  of  truano  from  Cliile. 

The  rernvian  iruano,  moreover,  con- 
tains from  1"  to  2.">  per  cent,  of  phosphate 
of  lime,  t  hr  Sitinc  sul»tanre  as  boiie-carth, 
but  r!al)"i:ited  by  the  hin^ls  into  a  pul{»y 
coii>istriici',  whicli,  wiiile  it  continues  in- 
soIiil.U'  in  water,  has  been  therehy  ren- 
dered ni'ire  readiU  aKsorhable  and  di^'cs- 
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From  the  foregoinE  ■nilyai*  its  valD- 
able  character  is  evident.  Thia  ia  eoa- 
tained  by  the  ailoniahing  and  ^nerallv 
proStsblo  rcaulta  which  lollow  ila  appli' 
cation,  and  haa  readered  il,  though  of  re- 
cent introduclion,  one  of  the  moat  popular 
maourej  in  this  country  and  Europe. 
Ic  haa  been  known  aud  e^preciBted  ay 

"•-  " -—I,  IVom  time  immemorial ; 

iberal  u™,  eombined  with 
!y  have  for  agea  produced 
the  luoat  abundant  crops  of  malt*  aud 
H-lieat.  It  woa  not  used  agTicuUanillf  in 
Europe  until  1840;  in  England  at  preeent 
400,ixxi  too*  per  year  are  uacd. 

Afrlfati    or    lih/^im   and    Pataganian 
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valnablo  in  agriculture  :  cveu  this  ia  dia- 
Bipatcd  and  waBlied  away  by  the  raine, 
ro  that  the  proponion  of  ammoniacal 
eolla  fnlla  often  iu  thia  variety  below  SO 
per  cent.,  leaving  the  phoHpliatea  in  a 
corresponding  ejice&i,  ao  that  it  more  re- 
eembles  bonca  in  companition. 

Uitauo  wua  Urat  introduced  into  Iha 
Stales  in  1^33,  wheu  it  van  used  in  gar- 
dcna,  and  Ibtj^otten :  after  its  >ise  in 
England  it  waa  again  re-iniported.  Its 
appliculion  here  was  but  alow  in  in- 
creuse,  yet  It  liaa  advanced,  and  the  d<- 
innod  fur  this  yuir  will  probably  bo  3.1,1101) 
toil*.  Ila  value  cannot  be  over-esU- 
mntcd,   ag   it  ia  suitable   fur  almoat  all 
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wheels  theT  ought  to  be  stroni^  enough, 
bat  not  so  large  as  to  increase  fhction  un- 
necessarily. The  proportions  of  wrought 
iron  and  cast  iron  are  as  8  inches  to  84 
or  8  to  9(. 

To  determine  their  diameter,  extract 
the  cube-root  of  the  weig[ht  of  the  wa- 
ter-wheel, in  hundred  weights,  and  the 
root  is  tne  inches  for  the  diameter  in 
oast-iron;  but  if  wrought-iron,  it  may 
be  as  14  to  9  less.  If  it  is  a  wooden 
axle,  multiply  the  diameter  in  feet  by 
the  width  in  feet,  and  add  half  the  square 
of  the  diameter :  then  the  cube-root  of 
this  sum  is  the  diameter  of  the  fit  gud- 
geon in  inches.  A  gudgeon  contains  in 
owts.  the  cube  of  its  diameter  in  inches. 

GUM.  A  vegetable  product,  distin- 
guished by  solubility  in  water,  and  in- 
solubility m  alcohol ;  it  is  tasteless  and 
inodorous.  Gum-arabic,  which  is  the 
produce  of  the  Acacia  vera.,  may  be  taken 
as  a  sample  of  the  purest  form  of  gum. 
It  is  imported  from  Borbary  and  Morocco. 
Its  specific  gravity  is  1*45.  Its  solution 
is  viscid,  and  is  termed  mucU^ffe.  Gum 
is  used  as  a  demulcent  in  medicine,  and 
for  giving  a  gloss  to  linens,  silks,  &c.  It 
consists  of  carbon  41*4,  oxygen  52*09, 
hydrogen  5"51 ;  or,  in  other  terms,  of 
41 '4  charcoal  and  58*6  water. 

Guerin  has  analyzed  several  varieties 
of  gum.  Ardbin^t  which  constitutes  the 
greater  portion  of  gum-arabic,  is  com- 
posed of 

Carbon 43  81 

Oxygen 49  85 

Hydrogen 6  20 

Azote '14 

10000 

Gum-aral.nc  is  found  to  consist  of 

Arabin 70-40 

Water IZfiO 

Ashes 3  00 

100  00 

Messrs.  Gay-Lussac  and  Thenard  found 
its  composition  to  be  : 

Arabin 8116 

Water 1,3-.J3 

Ashes 2  11 

KJfJOO 

The  difference  of  water  found  depended 
apon  tlic  different  mcthorls  of  flnalysi"i. 

The  dried  root  of  the  hIue-h<U  ('imX<\\n9. 
mncilas'e,  very  similar  to  srimi-arabio. 

Gum  tt(ru(f«il\»  less  sohible  tluin  ^nm- 
arabie,  and  deeper  in  color. 

GUM-RESIN.  An  exudation  from 
many  trees,  composed  of  a  mixture  of 


gram  and  resin,  or  of  a  sabetance  inter- 
mediate between  the  two. 

GUN.  Under  this  general  term  most 
of  the  species  of  fire-arms  are  included, 
the  pistol  and  mortar  being  almost  the 
only  exoeptions.  Great  guns,  or  cannon, 
began  to  be  used  as  military  engines  about 
the  middle  of  the  14th  century;  but 
small  ^ns,  or  muskets,  appear  to  have 
been  introduced  nearly  two  centuries 
later,  namely^  1521.  They  were  first  used 
by  tne  Spanish  infiintry  at  the  siege  of 
iShege.  Muskets  were  at  first  of  a  very 
clumsy  construction,  being  so  heavy  that 
they  could  not  be  levelled  and  fired  from 
the  shoulder :  accordinglvthe  soldier  was 
provided  with  a  rest,  wnich  it  was  ne- 
cessary to  carrv  along  with  him  and  plant 
in  the  ground  in  order  to  support  the 
weapon  before  it  could  be  used.  The 
gun  was  generally  fired  with  a  match ; 
sometimes  by  means  of  sparks  gene- 
rated by  the  revolution  or  a  notched 
wheel  oV  steel,  placed  directly  above  the 
pan  containing  the  priming.  Muskcta 
with  rests  were  employea  so  lately  as 
the  civil  wars  in  the  time  oT  Charles  I. ; 
at\erwards  a  lighter  matchlock  musket 
came  into  use ;  and  about  the  beginning 
of  the  last  century  the  troops  through- 
out Europe  were  armed  with  firelocks. 

Smtdl  guns  were  invented  by  Swartz, 
a  German,  about  1878 ;  brought  into  use 
by  the  Venetians,  1882.  Cannon  were 
first  used  at  the  oattle  of  Cressy,  1846  ; 
first  used  in  England  at  the  siege  of  Ber- 
wick, 1405  ;  first  cast  in  England,  1544  ; 
used  in  shipping  by  the  Venetians,  15-39 ; 
before  they  were  only  used  to  batter 
walls.  Mohammed,  at  the  siege  of  Con- 
stantinople, employed  some  of  the  larg- 
est guns  ever  made  use  of  before  or 
pinee.  One  of  his  cannon  was  of  such 
enormous  size  as  to  require  70  yoke  of 
oxen  to  draw  it,  and  2u00  men  to  man 
it.  It  discharged  a  ball  of  the  weight  of 
300  lbs.  The  report  was  heard  to  a  great 
distanee,  and  the  country  shaken  to  the 
distance  of  40  furlongs. 

The  barrel  forms  the  essential  part  of 
the  Qun  ;  and  the  first  requisite  to  a 
pood  barrel  is  toughness  in  the  material 
of  which  it  is  made,  for  safetv  in  using 
it  de}>enda  mainly  on  this  quality.  The 
best  iron  for  the  formation  of  musket 
})arrels  is  tliat  which  has  been  much 
worn,  and  toiiirhened  bv  the  loss  of  its 
fiery  particles ;  and,  aecordinply,  old  horse 
stui)-nails  are  much  in  request  for  this 
>urp(»se,  and  sold  at  a  hi^'n  price  totho 
larrel-tbrrrcrs.  Formerly  the  best  gun- 
barrels  were  made  in  {Spain ;    and  their 
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napeiiority  was  attiibated  to  the  excel- 
lency of  the  iron  mode  use  of,  which 
consisted  olmoet  exdusively  of  stub-nails, 
and  the  old  shoes  of  horses  and  mules : 
but  the  barrels  now  made  in  this  coun- 
try are  not  inferior  to  those  of  any  coun- 
try in  the  world.  The  method  of  mak- 
ing the  barrel  is  this :  the  iron  is  first 
formed  into  a  thin  flexible  bar.  some- 
thing like  a  oooper^s  hoop,  and  when 
heated  is  plied  or  twisted  round  a  man- 
dril, much  in  the  same  manner  as  a  rib- 
bon of  leather  is  turned  round  the  handle 
of  a  whip.  For  the  best  barrels  the 
breadth  of  the  bar  does  not  exceed  half 
an  inch ;  and  it  is  turned  round  the  man- 
dril in  such  a  manner  that  the  edges  are 
brought  close  tc^ether,  but  do  not  over- 
lap. In  this  position  it  is  wedded  by 
horizontal  strokes  with  the  hammer.  But 
in  common  guns  a  broader  bar  is  cm- 
ployed  ;  and  its  edges,  which  are  placed 
so  as  to  overlap  considerably,  are  welded 
down  on  each  other.  The  Damascus 
barrels,  prized  for  their  beauty,  though 
inferior  in  strength,  are  composed  of  iron 
and  steel  in  certain  proportions  laid 
crossways,  and  hammered  together  the 
whole  length  of  the  barrel.  Afler  the 
barrel  has  been  forged,  the  inside  is  ren- 
dered smooth  and  perfectly  cylindricnl 
hj  boring  it  with  a  bit,  or  rather  bits  of 
different  sizes  used  in  succession.  In  ri- 
fles a  certain  number  of  parallel  grooves, 
either  straight  or  slightly  twisted,  arc  cut 
in  the  inside  of  the  barrel,  of  equal 
depth  and  flneness,  and  through  its  wliolc 
length.  The  exterior  is  smoothed  by 
turning  it  on  a  lathe. 

Mr.  Aaron  Rose,  of  Worcester,  Eng- 
land, has  just  enrolled  his  description  of 
a  new  method  of  manufacturing  twisted 
gun  barrels,  which  is  thus  described : — 
An  iron  or  steel  rod,  or  a  mixture  of 
both,  of  suflicicnt  length  and  thickness 
to  form  a  gun  or  pistol  barrel,  is  wound 
into  a  compact  coil,  and  then  placed  in 
an  anvil  having  a  semi-circular  groove, 
where  it  is  submitted  to  the  action  of  the 
tilt  hammer.  The  coil  is  then  submitted 
to  a  welding  heat  in  an  air  fumncc,  then 
hammered  and  rolled,  a  strenm  of  water 
being  used  in  both  ca.Hes  to  wash  away 
the  scale. 

The  tilt  hammer  has  a  groove  on  its 
face  corresponding?  with  the  nnvU  to  act 
ii|K)n  the  coil,  before  the  welding. 

Mr.  Vandenbcrg,  a  Flemish  trentlcmnn, 
has  invented  a  new  gun  which  can  make 
six  and  eitfht  charges  per  minute,  carrv- 
ing  the  distance  of  2<X>0  feet ;  the  ball 
weighs  about  one  ounce  and  a  quarter, 


and  the  powder  is  one-twelfth  the  weight 
of  the  ball.  An  ordinary  gun  requires 
three  times  more  powder,  tne  ball  does 
not  weigh  half  an  ounce.  The  new  gun 
is  loaded  from  the  breech.  The  shape 
of  the  ball  is  round.  At  Utica,  N.  Y., 
the  new  rifle  of  Mr.  Milo  M.  Cass  dis- 
charged 24  balls  in  two  minutes  and  80 
seconds ;  then  loading  with  26  cartridges 
in  4  minutes,  and  discharged  24  in  2  mi- 
nutes and  SOsecondSj — ^thus  loading  once 
and  flring  48  shots  in  9  minutes,  The 
shooting  was  very  accurate,  considering 
the  rapidity,  and  the  performance  of  the 
gun  gave  great  satisfaction  to  those  pre- 
sent. The  barrel  of  the  gun  was  so  little 
heated  after  the  first  24  discharges,  that 
it  was  immediately  loaded  and  again  fired 
the  same  number  of  times. 

The  Air-Gitn  is  a  machine  in  which 
highly-compressed  air  is  substituted  for 
gunpowder  to  expel  the  ball,  which  will 
be  projected  forward  with  greater  or  less 
velocity,  according  to  the  state  of  conden- 
sation and  the  weight  of  the  body  pro- 
jected. The  etfeet  will,  therefore,  be 
similar  to  that  of  a  gun  charged  with 
gunj>owder,  for  inflamed  gunpowder  is 
nothing  more  than  air  very  greatly  con- 
densed, so  that  the  two  forces  are  exactly 
similar.  There  is  this  important  con- 
sideration to  be  attended  to,  nomely,  that 
the  velocities  with  which  balls  are  im- 
pelled arc  directly  jjproportJonal  to  the 
square  root  of  the  forces  ;  so  that  if  the 
air  in  an  air-gun  be  condensed  only  ten 
times,  the  velocity  will  be  equal  to  one- 
tenth  of  that  arising  from  gunpowder ; 
if  condensed  twenty  times,  the  velocity 
would  be  one-seventh  that  of  gunpow- 
der, and  so  on.  Air-guns,  however,  pro- 
ject their  balls  with  a  much  greater  ve- 
locity than  that  assigned  above  ;  and  for 
this  reason,  as  the  reservoir  or  magazine 
of  condensed  air  is  commonly  very  large 
in  proportion  to  the  tube  which  contains 
the  ball,  its  densitv  is  verv  little  altered 
by  passing  through  that  narrow  tube, 
and  consequently  the  ball  is  urged  all 
the  way  by  nearly  the  same  force  as  at 
the  first  instant ;  whereas  the  elastic  fluid 
arising  from  inflamed  gunpowder  is  but 
very  small  indeed  in  proportion  to  the 
tube  or  barrel  of  the  gun,  and  therefore, 
by  dilating  into  a  coinnaratively  liir;;o 
s])acc,  as  it  urges  the  ball  aloiiir  the  bar- 
rel, its  force  is  proportionally  weakened, 
and  it  always  acts  less  and  less  on  the 
ball  in  the  tube. 

An  air-^'un  recently  invented  by  Mr. 
Shaw,  of  (ilassop,  Kngland,  is  one  of 
much  simplicity  of  construct  »n.     It  has 
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not  the  effective  force  of  ^npowder.  but 
it  will  enable  a  sportsman  to  amuse  nim- 
eelf  at  but  little  expense,  and  will  do 
execution,  too,  at  considerable  distance 
from  the  mark.  The  air  that  projects 
the  bullet  is  condensed  by  a  piston,  which 
draws  out  a  strong  India  rubber  spnntj:, 
which,  when  it  is  set  fVee,  suddenly 
draws  up  the  piston,  condensing  the  air 
in  the  air  chamber,  and  impelling  it 
against  the  bullet  to  discharge  it  with 
considerable  velocity  and  power. 

GUNPOWDER  is  explosive  nitre 
brought  into  intimate  contact  with  in- 
flammable sulphur  and  charcoal.  75  of 
the  nitre,  16  of  charcoal,  and  9  of  sul- 
phur, pounded  as  paste  with  wooden 
mortars,  fixed  in  a  wheel  for  12  hours. 
It  is  granulated  by  being  forced  through 
a  sieve,  and  glazed  by  agitation  in  a 
cask.  The  gas  formed*  by  an  explosion 
is  2  volumes  of  nitrogen  to  1  carbonic 
acid. 

Dr.  Ure  has  analysed  various  samples 
of  gunpowder,  and  the  following  arc  the 
results  of  his  investigations  : — 

Waltham  Abbey,  nitre  74*5,  charcoal 
14-4,  sulphur  10*0,  water  1*1. 

Hall,  Dartford,  nitre  76-2,  charcoal  14*0, 
sulphur  9*0,  water  0*5. 

rigou  and  Wilks,  nitre  77*4,  charcoal 
13'5,  sulphur  8*5,  water  0-6. 

Curtis  and  Harvey,  nitre  76*7,  charcoal 
12*5,  sulphur  9*0,  water  1*1. 

Biittle  gunpowder,  nitre  77*0,  charcoal 
13*5,  sulphur  8'0,  water  OS. 

Charcoal,  sulphur,  and  nitre,  bcino: 
ready  for  manutueturing  into  gunpowder, 
1st.  They  are  separately  ground  to  a  fine 
powder,  which  is  passed  throutrh  proper 
silk  sieves  or  bolting  macirnu's.  L'd. 
They  arc  mixed  togetlier  in  tlie  proper 
proportions.  8d.  The  composition  is 
then  sent  t'>  the  gunpowder  mill,  wliich 
consists  of  two  edtre-stones  of  a  calca- 
reous ki)id,  turning  by  means  of  a  hori- 
zontal shaft  on  a  }>e(l-stone  of  the  same  ! 
nature  ;  incapable  of  atfordine  sparks  by 
collision  with  steel.  On  this  bed-stone 
the  composition  is  spread,  and  moistened 
with  as  small  a  (quantity  of  water  as  will, 
in  conjunction  with  the  weiirht  of  the  re- 
volving stones,  brintj  it  into  a  }troper 
body  Q^ cake,  but  by  no  means  to  a  |>!isty 
state.  The  line  ofcontact  of  the  rollinlr 
edge-stone  is  constantly  preceded  hy  a 
hard  copper  scraper,  winch  trocs  round 
with  the  wheel,  rcL'ulnrly  collfctiut:  the 
caking-nuiss,  and  bringing  it  into  the 
track  of  the  stone. 

The  materials  forcrunpowdcr  are  ijround 
by  a  wheel  rovolvinir  in  a  troui^li.     They 


are  then  moistened  and  put  into  boxes 
with  holes  in  the  bottoms.  The  boxes 
are  placed  in  a  circular  frame  suspended 
by  cords,  and  briskly  agitated  by  a  cnmk, 
when  the  paste  passes  through  tbe  holes 
as  corns  ot  powder.  These  are  afterwards 
polished  by  bein^  revolved  in  a  barrel, 
dried  by  vessels  of  steam,  and  packed  for 
sale. 

Gunpowder  to  be  good  should  be 
quick,  strong,  free  from  impurity,  and 
not  liable  to  absorb  moisture.  The  gene- 
ral method  of  trying  the  purity  Ts  by 
burning  it  on  clean  white  paper :  two  or 
three  small  heaps  are  made  near  each 
other,  and  one  of  them  is  fired :  if  the 
smoke  rises  perpendicularly,  and  there 
be  no  feculent  matter  left  on  the  paper, 
nor  the  other  heaps  fired,  it  is  considered 
that  the  ingredients  were  of  a  good  qual- 
ity, and  well  compounded.  It  the  other 
heaps  are  fired,  the  paper  burnt,  or  a 
dirty  residuum  left,  it  may  be  supposed 
that  the  nitre  was  impure,  or  that  the 
charcoal  was  not  completely  pulverized. 

M.  Angendre,  Assaver  at  the  Mint  of 
Constantinople,  bus  acldresscd  a  commu- 
nication to  the  Academy  of  Sciences  at 
Paris,  describing  the  discovery  of  a  new 
explosive  jwwder,  having  for  its  base  the 
prussiate  of  potash.    The  composition  is 
(by  weight)  crj-stallized  dry  yellow  prus- 
siate of  potash  one  part,  dry* white  sugar 
one  part,    chlorate   of  potash  one  part. 
These  three  substances  are  reducea  se- 
parately in  a  mortar  to  fine  powder,  and 
then  intimately  mixed  by  hand.     In  ope- 
rating on  any  quantity',  the  mixture  is 
moistened  with  a  very  little  water,  and 
beaten  in  a  bronze  mortar  with  a  wooden 
I)estle.     It  is  not  necessary  that  the  mix- 
ture should  be  as  intimate  as  in  the  cjise 
of  ordinary  gunpowder, — a  quarter  of  an 
hour  will  sultiee  to  mix   it.     It  is  then 
grained   in   the    ordinary  manner,    and 
dried  in  the  air.     The  discoverer,  M.  An- 
gendre,  considers    that  this   powder  is 
equal    in    strenetli    to    three    times  its 
weiirht  of  the  common  kind.     It  is  easily 
made,  and  the  substances  of  which  it  is 
comjiosed  have  a  fixed  and  determined 
composition.     It  is  not  injured  either  in 
dry  or  tlamj)  air,  but  it  is  not  suitable  for 
sniuU   fire-arms,   only  for  tlutsc  of  cast- 
iron,  and  it  will  answer  a  good  }>urpo>e 
in  l^lustiiiir.     The  reason  why  it  is  nt)t 
good   for  any  fire-arms  of  steel  is  owintr 
to  the  chlorate  of  piitash,  which  oxidi/cs 
stcvl   with  preat  rapidity.     Some  of  owv 
civil  entrinecrs  nwiy  find  this  powder  in- 
v:ilu:i])lc   lor  blastinir.  as  thev  cam  miike 
it  IheniMilves,  it  being  equjdlv  us  etlco- 
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tive  wb«D  in  ft  steto  of  powder  as  when 
grained.  No  other  powder  must  be  al- 
K>wed  to  mix  with  it,  for  in  rumming  the 
bore  for  a  blaiit,  the  friction  of  the  parti- 
des  of  the  old  powder  will  be  ready  to 
ignite  the  new  kind. 

GUNTER'S  CHAIN,  so  called  iVom 
its  reputed  inventor,  is  the  chain  com- 
monly osed  for  measuring  land.  It  is 
66  feet  or  4  poles  in  length,  and  is  divided 
into  100  links,  each  of  which  is  join^ 
to  the  adjacent  one  b^  three  rings ;  and 
the  lei^th  of  each  bnk,  inducQng  the 
connecting  rin^,  is  7*92  inches.  The 
advantage  of  this  measure  consists  in  the 
facility  which  it  affords  to  numerical  cal- 
culation. The  English  acre  contains 
4640  square  yards;  and  Gnnter^s  chain 
being  22  yards  in  length,  the  square  oi 
which  is  484,  it  follows  that  a  square 
e&rtn  is  exactly  the  tenth  part  of  an  acre. 
A  square  chain  again  contains  10,000 
square  links,  so  that  100,000  square  links 
are  equal  to  an  acre ;  consequently,  the 
contents  of  a  field  being  cast  up  in 
square  links,  it  is  only  necessary  to  di- 
vide by  100,000,  or  to  cut  off  the  last  five 
fignrei>»,  to  obtain  the  contents  expressed 
in  acres. 

GUNTER'S  LINE.  A  logarithmic 
line  engraved  on  scales,  sectors,  &c.^ 
serving  to  perform  the  multiplication 
and  division  of  numbers  instrnrnentally, 
as  a  table  of  logarithms  does  nrithmeti- 
cally.  The  numbers  arc  usnally  dniwii 
on  two  separate  rulers  sliding  against 
each  other.  In  rough  culculntion  this  Hue 
aflV^nls  considerable  tiieilitics. 

GUNTEK'S  QUADRANT.  A  quad- 
rant of  a  peculiar  kind  adapted  to  the 
problems  of  finding  the  honr  of  the  day, 
the  sun's  azimuth,  and  other  common 
pn>blems  of  the  sphere. 

GUN  COTTON  was  first  annonnced 
by  Professor  Schonbein,  and  shown  by 
him  to  the  Natural  Historv  Soeietv  of 
Basle  in  1H46.  Shortlv  afteV  this  iVilt- 
zer,  Otto,  and  Morel,  iliseovered  similar 
explosive  compounds,  all  of  wliioli  may 
feirly  be  tnioed  to  Pelonse  and  Brao- 
cnurd's  discovery  of  Xyloidine.  It  has 
been  looked  on  as  identical  with  the  lat- 
ter, but  not  correctly,  for  gun  cotton  ciis- 
solves  in  acetic  acid,  while  xyloidine 
does  not.  Schonlwin  made  it  oriiriiially 
by  dipping  cotton  in  nitric  acid,  sp.  ur. 
1*49,  wiiich  after  innner.-.ion  for  ten  mi- 
nutes it  was  rinsed  in  a  large  quantity 
of  cold  water,  to  free  it  from  any  adher- 
ing'acid  ;  and  then  carefully  diied.  Dr. 
Ellet,  Professor  of  Chemistry  in  Univer- 
nity  of  South  Carolina,  adopted  as  an  im- 


provement the  use  of  snlpbnric  add. 
with  the  view  of  keeping  the  nitric  acia 
concentrated.  Dr.  Taylor,  of  London, 
adopted  a  similar  plan ;  nitre  was  after- 
wards added  to  the  mixed  acids.  In 
order  to  obtain  a  good  gun  cotton  it  is 
necessary 

Ist.  To  steep  purified  cotton  in  a  mix- 
ture of  eouai  parts  of  nitric  and  sul- 
phuric acids. 

2d.  The  duration  of  immersion  is  not 
important:  the  best  samples  have  been 
ten  minutes  steeped. 

8d.  A  mixtare  may  be  used  in  which 
cotton  has  been  previously  immersed,  re- 
viving it  if  necessary. 

4th.  The  cotton  must  not  be  above  the 
level  of  the  liquid. 

5th.  It  mnst  be  dried  slowly,  and  not 
exposed,  especially  when  damp,  to  a  tem- 
perature exceeding  100°. 

6th.  By  washing  in  water  saturated 
with  nitre  or  chlorate  of  potass  its  power 
is  a  little  increased,  but  it  is  not  worth  the 
additional  expense. 

Burned  on  the  hand  it  causes  no  sen- 
sible pain,  leaves  no  stain,  and  produces 
no  smoke  ;  dipped  in  water  and  pressed, 
and  afterwards  dried  between  two  leaves 
of  blotting  jmpcr,  it  preserves  its  fulmi- 
nating ])ropcrtics.  It  exj)lode8  on  being 
heated  to  <J5o^,  or  on  bringing  a  red  liot 
body  in  contact  with  it :  a  cfry  piece  of 
the  cotton  laid  upon  gunpowder  nuiy  be 
exploded  without  igniting  the  powder. 
This  is  due  to  the  rapidity  of  the  explo- 
sion. Mr.  E.  F.  Teschemacher  and  Air. 
K.  Forrett  have  found  ^\\n  cotton  to  con- 
sist uniformly  of  nitric  acid  and  liquin, 
in  the  proportion  of  60  of  the  former  to 
40  of  the  latter.  Properly  exploded  in  a 
narrow  glass  tube  so  as  to  collect  the 
gaseous  j)rodnct,  5i-8'S  grains  of  the  cot- 
ton were  found  to  give  100  c.  i.  of  gas, 
of  which  the  composition  was  remark- 
able, con^i^ting  of 

rarb«>niracid 14  2^6,  or  2  vole. 

rytinosen 7  IJ.J,  orl  vol. 

Nitric  oxide X»7I5,  or  5  vols. 

Ciirbonic  oxide :r»  91.'»,  or  .^)  vols. 

Nitrogen 7  143,  or  1  vol. 

I  Besides  which  a  sublimate  of  oxalic  acid 
!  and  a  quantity  of  water  was  formed  in 
j  the  combustion. 

I       ExpoHcd  to  a  dry  heat,  between  200° 
;  and  sioo'^j   it  became  brown,  and  lost  its 
.  exj^ilosive  property.     St»*;niiiiig  it,  sccma 
to  incrcn.'^e  its  power. 

E.xannned  under  the  microscope,  thero 

is  no  dili'crence  visible  between  cotton  so 

prepared  nn<i  that   un:i(tt*d  on  by  ncid. 

■  tinder  the  action  of  polarized  light  there 
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IS,  however,  a  marked  didbrenoe.  The 
fibres  of  ordiuory  cotton  are  then  bril- 
liantly illuminated  on  a  dark  colored 
ground,  while  the  gun  cotton  is  dark  and 
colorless,  and  invisible  at  every  half  turn 
of  the  prism. 

In  practice,  it  has  not  fuliilled  all  that 
waa  originally  predicted  of  it :  it  is  unfit 
for  ^unner^  and  flre-ai'ms  or  an^  kind, 
but  is  admirably  adapted  for  mining  ana 
blasting. 

The  advantages  of  its  use  are:  its 
cleanliness,  the  rapid  combustion,  and 
non  residuum ;  the  absence  of  an^  bad 
smell j  its  lightness:  the  possibility  of 
handling  it  without  oanger  at  a  distance 
from  the  fire  *  the  absence  of  dust,  and 
its  indisputable  force,  wliich  is  triple  that 
of  gunpowder  of  eaual  weight.  The 
disadvantages  are :  bulk,  increased  in- 
flammability, the  disadvantage  of  evolv- 
ing vapor  during  its  explosion;  it  tvfU 
the  ^uus  and  cannon  just  as  gunpowder 
fovu  them. 

Gun  cotton  dissolved  in  ether  forms  a 
good  varnish  for  covering  wounds,  or 
giving  a  thin  film  to  cover  any  surface, 
and  is  a  powerful  deoxidizer,  'reducing 
salts  of  silver  and  a  few  other  metals  very 
rapid'y. 

GUTTA  PERCIIA,  or  autta  Tuhan. 
The  Malay  name  for  tlie  concrete  juice  of 
a  large  forest  tree :  one  of  the  Sapoteie — a 
native  of  Borneo,  Malacca,  and  the 
neighboring  countries.  It  is  chiefly 
brought  from  Singapore  :  it  was  used  by 
the  natives  jis  a  substitute  for  horn  and 
wood,  to  make  handles  for  knives  aiul 
clioppcrs.  Tlie  juice  is  obtained  by  cul- 
\m<i  down  the  tree,  and  allowing  the 
juice  to  exude  fmni  the  cut  end.  This 
18  a  most  wasteful  proccedinir,  as  the 
number  of  trees  must  shortly  be  so 
limited  as  to  destroy  tlio  supply  of  the 
article.  Mr.  Brooke,*of  Borneo,  says  tlio 
tree  is  often  six  feet  in  diameter  at  Sara- 
wak, and  is  believed  to  be  jdentiful  nil 
over  B<.)rneo,  and  prf»haV)ly  at  the  thou- 
sand islands  that  duster  to  the  south  of 
the  Straits  of  Sinirapore.  Its  fre<|uency 
is  proved  by  the  eireumstanee  that  seve- 
ral hundred  tons  of  the  Gutta  Pcreha 
have  been  annually  exported  from  SinL^a- 
pore  since  ls4'i,  when  the  substance  tirst 
came  into  notiee.  There  i^  reason,  how- 
ever, to  fear  that  the  supply  must  shortly 
decrease,  and  the  ]»riee  be  rai^e.l,  froili 
the  wasteful  mode  in  whi.ch  the  natives 
eolleel  it,  ot\en  saeriticintr  a  nol)le  tree,  of  j 
from  tiftv  to  one  hundred  v^•a^^  ltowiIi, 
tor  the  sake  of  twenty  or  tliirty  pounds 
of  gum,   which   is   the   lurj?cst  quantity  ! 


any  one  trunk  ever  aifords.  The  joioe 
might,  in  all  likelihood,  be  obtuned  from 
the  Percha^  as  fh>m  otner  trcee,  by  ti^ 
ping,  and  thus  procuring  a  smaller  por- 
tion for  several  snooesBive  years;  but 
this  process  is  too  slow  for  the  Malayans, 
and  IB  alflo  leas  likely  to  be  adopted  be- 
cause the  forests  are  common  property. 
The  people  fell  tJie  tree,  strij)  off  its 
bark,  and  collect  its  milky  juice  in  a 
trough  formed  of  the  hollow  stem  of  the 
plantain  leaf,  when,  being  exposed  to  the 
air,  it  soon  ooagiUates. 

As  it  comes  to  market,  it  b  a  dirty 
white,  pinkish,  solid,  opaque,  having  but 
little  smell,  and  insolnble  in  water;  it 
has  a  Bilky,  fibrofhs  texture,  especiaDy 
when  drawn  out.    It  feels  smooth  and 
grreasy  between  the  fingers.    Below  60° 
it  is  hard,  tough,  and  partially  flexible, 
when  thin  like  horn ;  octween  50°  ana 
70°,  it  is  elastic,  and  more  flexible,  yet 
still  tough  and  stiff  ^  between  140°  and 
160°,  it  becomes  qmte  soft  and  plastio, 
and  loses  its  tenacity.     In    this    statn 
pieces  of  it  may  be  joined,  all  that  is  ne- 
cessary being  to  press  them  together, 
when  they  form  a  perfect  joint.    Bv  cut- 
ting it  up  in  fragments,  and  boiling  in 
hot  water,  most  of  the  impurities  may 
be  removed.     When  thus  purified  by 
cooling,    it  passes  into  a   solid   mass'; 
when  softened  by  either  hot  water  or 
simple  dry  heat,  it  may  be  molded  into 
any  shape,  or  pressed  into  a  pattern  :  as 
it  cools,  it  gradually  recovers  its  tough- 
ness and   rigidity.      In  consequence  of 
this  it  forms  perfect  casts  of  coins,  me- 
dals, &e.,  wliieli,  if  carefully  made,  have 
all  the  sharpness  of  sulphur  without  its 
brittleness.     When  hot,  it  is  easily  cut 
with  the  knife  or  saw,  but  when  cold  it 
is  difficult  to  cut  it,  without  wetting  the 
tool  with  cold  water.     It  is  lighter  thim 
water,  anil  floats  on  it :  the  spec,  gravity 
beitiff  when  pure  '9791.    In  its  chemicjil 
relations  it  closely  resembles  caoutchouc, 
and  is  isomeric  with  it :   it  differs,  how- 
ever, in  some  physical  properties.     By 
destructive  distillation  it  yields  similar 
products,  affording  a  clear  limpid  oil  of 
a  mixed  composition  between  800°  and 
"90^.      It  is    insoluble  in  alcohol    and 
water,   dissolves  partially  in  oil  of  tur- 
])entine,    ether,    and    perfectly  in    cold 
naphtha,  l>enzole,  sul^dinret  of  carlx)n, 
and  eaoutchicine.      Ot  these  the  benzole 
is   tiie  fittest;    when  dis.solved  in  it  by 
the  aid  of  ^'cntle  heat,  and  then  poured 
out  on   a   glass   plate   to  evaj)orate   the 
>»enzole,   the  gutta  percha  is  lei>  behind 
in  the  form  of  a  white  film  or  skin.    In 
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hia  waj  mj  thin  ibeata  of  Ihii  h 
.tance  ui  obtained.  Soabeniu  baH  mj 
n  ultimata  anal.vaia  of  it,  vliieh  >ielt 
<j  bim  earbon  873,  bydrogen  l'J*a,  J 
:rane   beliereB  the  crude  article  to 


bo««l  mape  Tor  the  Bama  uiil'ri    i!.le 

brings  :    it  takes  a  dear,  »liiir| |  '  ^B- 

ston,  and  i«  alio  tou(rli  aiid  iluru'i:i  .  be 

vioeabla  in  itoppmg  <lei9iviMl  Icklli. 

O.  Hancock,  Eeq..,  ban  taken  I'lii  :l  [«- 
teat  for  imptaving  the  miiniifiii.ULi  f  of 
IFutta  percba.  Ue  bu^ic^w  Bi-vi-ial  rno- 
thodaorparifyiDS  tliii Bubotumv,  ulimb 
l^iwraUy  "-  ■-  '  - "■ 


Itm 


i\k  rj 


.r  fHSM-a  ilir.ii(jh 
s  aorew  preaa,  or  rtitlleJ  bv  i1il>  uiblitiftn 
of  reolitfed  oil  of  mri-Tiilrn' :  juvl.  i.ilcr 
Sllnring  through  Hmin. '  -r  '■ ''  ■!  ■  -  ■>!- 
vent  may  i»  ovaimrir:  !■,.■,  so 
IhoBOlta  percha  nil.. .;  .111 

Ihia  plaatio  Btal-;'  Ih.ii';:    .1.1      1      ■    ilio 

diirine  tha  alovB  prol'l■^.-. 

Mr.  Haneoct  would  coinbim;  uriilla 
pcTcha  with  caoiiloUouf,  anil  a  uTiUstiiin* 
aHedptbivan  (wc  bme  iiqHiil'  lu  lyliat 

valuing  the  proportiuiin  aof^NTiliHff  to  the 
greater  or  Iciis  degree  of  liinlncwt  or 
elHitidtr  reqaired  for  inafcinK  cliwliv 
banda — a  compound  ia  iibciI  where  M 
partit  of  entta  ncrchu  are  combined  witli 
Slorfclntawan,  VOofcaoKtcbouc,  and  0 
of  orpimsiiC  From  0  miilnre  of  tliwo, 
Mr.  Huni'ofk  also  proptircn  11  litriit,  po- 
Toii«,  and   aponitjr  mnlcrial,  »iii(uil   ftir 

cujthioiw.  moltrr»H;i>,  anddlc*,  Ac. ;  like- 
wi«e,  aprinire  of  clock*.  cla«p«,  helta, 
garters,  and  atriiiea.  Wherever  the  re- 
qniaite  ia  flexibility  and  eliutticily,  tbeu 
the  cgiuiitity  of  gntta  pcrchu  alioiild  be 
dim  in  id  1 1  e<l,  and  iiKreanud  wlicro  Anu- 
acan  ia  wanted.  By  proliaiicing  the  j>ra- 
cvbs  much  horiincsa  may  bt  aciuireil, 
and  tnonlclK  nnd  ball*  of  gntta  T>en-)iB 
will  bi'sr  liirtiinz  in  tlin  Inthr.  like  wood 
or  ivory.  Tli,!  malcriul  i^  nl'o  ai>i>li<-»- 
ble  10  xo^M  and  ormnucntul  i.iir|.«»c». 
aa  pii-tarc  framvn,  door  liandlc,  wulking 
aUcka,  eheaanicn,  bandlea  of  aworda,and 


knlvep,  bntttoiB,  comba,  flntea,  Ac.,  Ac 
By  the  aJmiiture  of  inlphuric  add,  or 
Ota  tenth  or  hiwer  port  of  vegetable  wax 
or  tallow,  any  degree  of  aolutulity,  i^i' 

the  composition  may  be  uBod  aa  vamiah 
to  cover  other  materialu,  concealiog  any 
odor,  and  imparting  a  Bnrlace  ioipervioua 
to  water.  In  printing  ailka  and  cottona 
it  ia  u«cfhl,  as  it  amalgamatca  readily 
with  colora.     The  applicotiona  of  gntta 

lor  conveving  water  orgaaea;  apeaking 
tube*,  and  bOBs;  drinking  veaselB,  pi tch- 

:xteneive  uae  is  as  aolcs  for  aboea, 
1  are  fastened  to  the  clean  and 
raapcd  leather  sole  by  a  fiiiid  varnish 
made  of  the  gtitta  dissolved  in  coal  tar. 
A  Bohilion  of  it  forms  a  good  vnmish  for 
wirea  or  cordage,  or  any  Bubatonoe  wliicli 
it  may  bo  dealrablo  to  protect  or  inanlate. 
It  is  snlphiirized  occuaionally,  and  eome- 
timea  combined  will     "■ —        " 


iynTlH^! 


havinz  their  factory  in  Brooklyn,  . 
the  vnrinoA  nioiliflcniions  and  nrtidea  of 
which  lliia  anbslonce  Is  susecplible  of 
being  applied  to,  ia  iuleroatingly  denion- 
3ir:ltcd. 

Uiitta  percha  is  of  the  moat  powerfnl 
negative  elcclrics,  nnd  may  be  iiacd  for 
iiiHiiliiting  peailivo  snrfitcca,  or  for  de- 
veloping qnantitjea  in  place  of  the  glasB 


.  _.:[>trimenl. 

giitt.1  pcrclia  was  unknown  (0  Kuropean 
coiiitncn'c.  In  that  year  Iwo  cwt.  ofil 
was  shipiicd,  cxnerljuenlullv,  ftom  Sing- 
BTHin.  Ill  Ihe  Sn>t  r<nir  nnd  a  )>alf  ycnis 
of  Ihc  trade,  21.ni>s  piciit«  nf  gutta  percha 
valued    at    tii74,lliii,    wcro_  »liip]M.-d    at 

to  >jigl]in'l,   with  the  exception   of  15 

of  Euriipe,  au<l  1':!^  to  the  Tnited  Slates. 
But  this  ni|iid  crowtli  of  the  new  Irmla 
rnnveya  only  a  faint  idea  of  the  coniTrio- 
tion  it  creiitcil  ninong  the  native  iulinbl- 
tiinta  of  the  Indian  Arclii[K*tugo.  Tliu 
jmiglcn  of  .loliorc  wcr.'  the  Si-cnr*  of  tlie 
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time.  The  knowledge  of  the  Bitide  stir- 
rinil^  the  avidity  of  gatherers,  gradnalty 
spread  from  Singapore  northward  as  far 
as  PenaniTf  southward  along  the  east 
coast  of  Sumatra  to  Java,  eastward  to 
Borneo,  where  it  was  found  at  Brane, 
SarawaK  and  Pontianak  on  the  west  coast 
at  Keti,  and  Passe  on  the  east. 

G  YPSU  M.  iSulpkaU  of  Ume^labagier, 
plaster  of  Paris.  Plaster.  This  sub- 
stance is  found  in  three  geological  situa- 
tions in  the  crust  of  the  earth  :  1st,  among 
the  early  secondary  rocks ;  2d,  in  the 
new  red'sandstone  formations,  and  abovei 
the  chalk  in  the  tertiary  beds.  The 
gypsum  of  England  is  found  in  the  new 
red  sandstone,  that  of  France  in  the  ter- 
tiary beds,  and  that  of  this  country-  is 
chiefly  in  the  secondary  formation.  In 
the  State  of  New- York  arc  the  best  de- 
veloped beds  of  g\p8um  as  yet  explored 
in  this  country,  wliere  they  arc  found  in 
the  beds  known  to  correspond  with  the 
upper  Silurian  strata  of  Lnglish  geolo- 
gists. It  extends  over  the  central  and 
western  portions  of  the  State  in  a  belt 
extending  from  cast  to  west,  where  it 
thickens  as  it  odvances  until  it  reaches 
Ontario  county,  where  its  greatest  purity 
and  development  apj^ears  to  exist.  It  is 
quarried  extensively  in  Cayuga,  Yates, 
and  Ontario  county.  The  purest  varie- 
ties consist  of  the  elomcnts  of  the  crys- 
tallized selenite  or  alabjuster,  viz. : 

Sulphuric  acid 40 

Lime *iS 

Waier la 

In  8(i  parts. 

But  the  rock  gypsum  is  never  so  pure ; 
it  contains  alnmiuons  or  nririllaeeou^  clay, 
and  variable  (inaiitities  of  carbonate  of 
lime  and  aiajrncsia,  soluble  salts,  and 
silica.  The  Editor  of  this  work  haviiii,' 
occasion  to  examine  the  soils  and  niine- 
rals  of  Seneca  county,  N.  Y.,  found  the 
composition  of  the  rock  gypsum  to  be  as 
follows  in  loo  parts. 

Water 600 

Carbonaie  of  lime  17-^(1 

ChiIxhuiIc  (}(  mo2ne."<ia 9-S() 

InsoliiMe  jsilicatrs  nnd  saml  3H  (><l 

S«Ita  of  alkalies  soluble  in  water.       '10 
Sulphate  ol  lime 2(\  "JO 

1U)(I0 

The  irypsum  of  Ontario  comity  is  pur- 
er, and  is  fit  for  ai)plioatioTi  in  "the  arts, 
which  the  above  is  not.  These  bcls  of 
gypsum  occur  chiefly  in  isolated  ^ln^^ses, 
api>earinfr  ns  if  they  had  ervstalli/ed  out 
of  a  plastic  moisl  clay,  and  are  genenilly 


surrounded  by  a  gypseous  marl  made  tm 
of  the  carbonates  of  lime  and  magnesia 
and  sulphate  of  lime.  These  marls,  as 
well  as  the  above  impure  gypsum,  are 
admirably  adapted  for  agricuJtural  use 
as  amenojng  mimures,  and  are  not  used 
at  all  to  the  extent  which  their  value 
would  justify. 

The  most  interesting  gypsums  in  n 
general  point  of  view  are  certainly  the 
tertiary,  or  those  of  the  plains^  or  hills  of 
comparatively  modern  lorraation.  They 
are  charactenzed  by  the  presence  of  fos- 
sil bones  of  extinct  animals,  both  mam- 
mifera  and  birds,  by  shells,  and  a  large 
proportion  of  carbonate  of  lime,  which 
gives  them  the  property  of  effervescing 
with  acids,  and  the  title  of  limestone 
gj'psums.  Such  are  the  gypsums  of  the 
environs  of  Paris,  as  at  the  heights  of 
Montmartre,  which  contain  crystallized 
sulphate  of  lime  in  many  forms,  but 
most  commonly  the  lenticiilar  and  lance- 
shaped. 

Sulphate  of  lime  pccurs  cither  as  a 
dense  compound  without  water,  and  is 
culled  anhydrite  from  that  circumstance, 
or  with  combined  water,  which  is  its 
most  ordinary  state.  Of  the  latter  there 
are  six  sub-species;  sparry  gypsum  or 
selenite  in  a  variety  of  crystalline  forms  ; 
the  foliated  granular;  tile  compact:  the 
tibrous  ;  the  scaly  foliated  ;  the  earthy. 

The  prevailing  color  is  white,  withVa- 
rious  shades  of  gray,  blue,  red,  and  yel- 
low. More  or  les's  tnuislucent.  Soft, 
sectile,  yielding  to  the  nail.  Specific 
i.'ravity  'l-^.  Water  dissolves  about  one 
five-hundrcdtli  part  of  its  weiirht  of  gyp- 
sum, when  it  acquires  the  quality  of  hard- 
ness, with  tlie  characteristic*  sclcnitio 
taste.  "When  exposed  on  red  hot  coals, 
it  (locrepitates,  becomes  white,  and  splits 
into  a  Lrreat  many  brittle  plates.  At  the 
heat  of  a  baker's  oven,  or  about  4<K»*^ 
Fahr.,  the  combined  water  of  gypsum 
escapes  with  a  species  of  ebullition.  At 
a  hiirher  temperature  the  particles  get 
indurated.  \Vlu'n  rightly  calcined  and 
pulverized,  gypsum  is  mixed  with  water 
to  the  consistence  of  cream,  and  poured 
into  moulds  by  the  manufacturers  of 
stucco  oriuuncnts  and  statues.  A  spe- 
cies of  ra]>id  crystallization  ensuc'*,  an«l 
the  tliin  paste  soon  ac«|uires  a  solid  con- 
sistence, wliich  is  increased  by  dryini^" 
tlu'  tiuMirc  in  proper  sl/>ves.  Duriui;  the 
consolidation  of  the  j^lnster,  its  volume 
expands  into  the  finest  line>  of  the 
mould,  so  as  to  give  a  sharp  and  faitliful 
imprecision. 

The  plaster   stone  of  the   Paris  bosin 
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oontaiDB  about  12  per  cent,  of  carbonate 
of  lime.  This  body,  ground  and  mixed 
with  water,  forms  un  adhesive  mortar 
maeh  uaed  in  building,  aa  it  fixes  very 
speedily.  Works  executed  with  pure 
gypsum  never  become  so  hard  as  those 
nLide  with  the  calcareous  kind;  and 
hence  it  might  be  proper  to  add  a  certain 
portion  of  white  slaked  lime  to  our  cal- 
cined gypsum,  in  order  to  give  the  stuc- 
co this  valuable  property.  Colored  stuc- 
cos  of  great  solidity  are' made  by  adding 
to  a  clear  solution  of  glue  any  desired 
coloring  tincture,  and  mixing  in  the  pro- 
per quantity  of  the  calcined  calcareous 
gypsum. 

*The  compact,  fine-drained,  gypseous 
alabaster  is  often  cut  mto  various  orna- 
mental figures,  such  as  vases,  statuary 
grouiw,  (!^c.,  which  take  a  high  polish 
and  look  beautiful,  but  from  their  soft- 
ness are  easily  injured,  and  require  to 
be  kept  enclosed  within  a  glass  shade. 

In  America  and  France,  the  virtues  of 
gypsum  in  fertilizing  land  have  been 
nWlily  extolled. 

rufe  gypsum  consists  of  lime  28,  sul- 
phuric acid  4<),  water  IS,  which  arc  tlic 
respective  weights  of  its  prime  equiva- 
leni  parts. 

M.  Gay  Lussac,  in  a  short  notice  on 
the   setting  of  gypsum,    savs  that  the 

{>ure8t  plasters  arc  those  which  hurdcn 
east,  and  that  the  addition  of  lime  is  of 
no  use  toward  promoting  their  solidity, 
nor  can  the  heat  proper  Tor  boiling  pyp- 
«nm  ever  expel  the  curlwnic  acid  (jus 
from  the  calcareous  carbonate  present  in 
the  gyj»sum  of  Montmnrtre.  lie  con- 
ceives that  a  hard  plaster-stone  having 
lost  its  water,  will  resume  more  solidity 
in  reluming  to  its  first  state  than  a  plan- 
ter-stone naturally  tender  or  solY  ;  and 
that  it  is  the  primitive  nioJecvdar  ar- 
rangement which  is  rej^ei  I  crated. 

Franklin  was  the  first  to  call  public  at- 
tention to  the  use  of  g\  psmn  as  a  ma- 
nure, and  bv  the  experiment  of  sowini? 
it   in    the    lorm   of   letters    on   a   field. 
which  when  the  grass  grew  could  be  read 
by   its    superior    growlh    and    verdure, 
tested  fullv  its  value.      It  is  now  jn>tly 
c'lnsidercd  indispensable  to  pood  farm- 
ing, but  it  exerts  its  chief  value  only  on 
dry  or  drained  soils.     Sands  and  loams 
feel   its  infiuenco  at  once.      Twr)  pecks 
on  sandy   soils   and   fifteen  bushels   on 
clays  have  been  applied  :  the  farmers  of 
Western  New-York  l(»ok  upon  two  bush- 
els per  acre  as  sntlicient.     It  is  ehictiy 
valuable  to  leiriMuinons  plan's,  as  pease, 
beans,  clover,  saint foin,  and  lucerne.     It 


should  be  sown  broadcast  in  spring 
when  the  young  leaves  are  started ;  it 
then  throws  turnips  on  to  grow  so  quick 
that  they  escape  the  ravtiges  of  the  fly. 
On  account  of  dissolving  so  sparingly  m 
water,  it  is  best  sown  in  wet  weather. 

Calcined  gypsum  after  being  moistened 
with  a  solution  of  alum,  and  agmn  burn- 
ed, acquires  much  greater  hardness  and 
solidity.  A  Mr.  Kreating  has  recom- 
mended for  the  same  purpose  a  solution 
of  1  lb  borax  in  9  lbs.  of  water,  which  is 
poured  over  the  calcined  fVagments  of 
gjnsum.  They  are  then  kept  at  a  strong 
red  heat  for  six  hours,  ground  to  a  pow- 
der, and  worked.  The  effect  is  belter  if 
a  lb.  of  tartar  and  twice  the  quantity  of 
water  were  added  to  the  solution. 

HAIR.  The  characteristic  eoveriiig  of 
the  mammiferous  class  of  animals.  It 
consists  of  slender,  more  or  less  elon- 
gated, homy  filaments,  secreted  bv  a 
matrix,  consisting  of  a  conical  glan(l  or 
bulb,  and  a  capsule,  which  is  situated  in 
the  mesh-work  of  the  oorium,  or  true 
skin.  The  hairs  pass  out  through  ca- 
nals in  the  corium,  which  are  lined  by  a 
thin  layer  of  cuticlo  adherent  to  the  base 
of  the  hair:  the  straijzhtness  or  curl  of 
the  liair  depends  on  the  form  of  the  ca- 
nal through  which  it  passes.  Spines, 
bristles,  fur,  and  wool,  are  all  modifica- 
tions of  hair,  having  the  same  chemical 
composition,  mode  of  formation,  and 
general  structure. 

In  the  spines  of  the  porcupine,  the 
bulb  secretes  a  tinted  pith,  and  the  cap- 
sule invests  it  witli  a  horny  sheath,  the 
transparency  of  which  allows  the  ridges 
of  the  central  part  to  be  seen.  In  the 
spines  of  the  hedgehog,  the  spine-like 
wliiskers  of  the  walrus,  and  l)ic  bristles 
of  the  hoir,  the  twf>f(»ld  structure  of  the 
hair  is  very  conspieuons:  but  in  the  finer 
kind  of  hair,  as  in  the  human  head  and 
beard,  the  central  pith  can  only  be  de- 
monstrated in  fine  transverse  seetions 
viewed  with  the  microscope.  Some  kinds 
of  liair,  as  of  the  human  bead,  the  mane 
and  tail  of  the  horse,  arc  perennial,  and 
grow  continuously  by  a  persistent  ac- 
tivity of  the  fornuitive  capsule  and  pulp; 
other  kinds,  lis  the  ordinary  hair  of  the 
hoi'se,  cow,  ami  (.leer,  are  annual,  and  the 
coat  is  shed  at  particular  seasons.  In  the 
deer  tlie  lK»rns  are  shed  contempora- 
neously with  the  deciduous  hair. 

Many  (jua<lrui»eds,  e^peeiully  tho>c  of 

coitl  climates,  have   two   kinds  of  hair : 

I  a   long   and    coarse   kind,  forming  their 

I  visible  external  coverintf ;  and  a  shorter, 

I  finer,  and   more  abundant  kind,  which 
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Uo8  oloBo  to  the  skin,  and  called  *^  far/' 
It  is  ouo  of  the  processes  in  the  arts  to 
remove  the  close  b^rs,  and  leave  the  fur 
attached  to  the  dried  skin,  as  in  the  pre- 
paration of  seal-skin,  &c.    The  peculiar 
characteristic  of  wool,  and  that  on  which 
its  valuable  Qualities  chiefly  depend,  is 
the  serrated  cuaractcr  of  its  surface,  aris- 
ing from  its  structure,  which  consists  of 
a  scries  or  succession  of  inverted  cones, 
the  base  of  each  beinsr  directed  from  the 
root  of  the  woolly  fibre,  and  receiving 
the  apex  of  the  succeeding  cone.    It  re- 
sults from  this  structure  that  the  pres- 
sure to  which  the  workman  subjects  the 
wool  in  moving  it  backwards  and  for- 
wards brings  tlie  fibres    tocrether,  and 
multiplies  their  points  of  contact.    The 
agitation  gives  to  each  hair  a  progressive 
motion  towards  the  root,  and  the  serra- 
tions of  one  hair  fix  themselves  on  those 
of  another  hair  which  ha}>i>ens  to  have 
its  root  turned  in  the  opposite  direction, 
and  the  mass  at    lenjfth   assumes    the 
compact  fonn  which  is  tenned  *'  felted" 
wool.    The  microscope  has  likewise  de- 
monstrated   various    otlier    remarkable 
modifications  in  the  form  of  the  hair  in 
ditferent  auadrupeds.     In  the  mole,  each 
hair  is  alternately  constricted  and  ex- 

Canded  from  its  root  to  its  apex,  whcre- 
y  it  readily  assumes  any  position,  and 
lies  flat  and  smooth,  either  towards  the 
head  when  the  little  burrowcr  is  retro- 
grading in  his  pubtcrnmeau  trallerics,  or 
in  the  contrary  dirootion  wiien  m^ninfr 
forwards.  The  oru'anizatiou  of  tiie  iiair 
is  such  as  to  allow  of  its  undcru'ciiig 
certain  cluuiiros  when  once  Inrnicd,  ac- 
cording to  tlie  state  of  health  and  irene- 
rul  condition  of  the  rest  of  tlie  frame, 
and  even  to  be  affected  l»y  loss  of  e<>l«>r 
in  conse<iuence  of  violent  mental  emo- 
tions in  tJKJ  human  suhjeet.  S<>me  of 
the  lower  animals,  as  tlie  Alpine  luire, 
arc  subject  to  periodical  ehanj^e  of  color 
of  their  fur,  by  which  it  is  made  to 
harmonize  with  the  prevailliiir  hue  of 
the  trround  which  they  habit ually  tra- 
verse. 

The  chemical  ]>ro]K*rties  of  hair  were 
first  p(»inled  out  by  Mr.  llatdielt.  It 
chiefly  consists  of  an  in«lurated  albu- 
men, and  when  boile<l  with  water,  it 
yields  a  j)orli<tn  of  «,Tljiiiiie.  Soit  flexi- 
ble hair,  which  ea>ily  lose.>  its  enrl.  is  that 
which  is  lU'tst  irelatinons.  \'auqnelin 
discovcreil  twf.>  kinds  ol"  oil  in  iiair:  the 
one  c</lorle'^s,  ;iii,l  jn  iilj  h;iir;  the  other 
colored,  and  imi>artin_'  lucordiii!.'  to  ils 
color  the  peculiar  tint  of  hair  in  the  indi- 
vidual. 


HAIR  PENCILS  or  BRUSHES  for 

painting.  Two  sorts  are  made;  tlioee 
with  coarse  hair,  as  that  of  the  swine, 
the  wild  boar,  the  dog,  «fec.,  which  are 
attached  usually  to  short  wooden  rods 
us  handles ;  those  are  commonly  called 
i/rushes ;  and  hair  pencils,  properly  so 
called,  which  are  oomposea  of  very  fine 
hmra,  as  of  the  minever,  the  marten, 
the  badger,  the  f>olecat,  &c.  Those  are 
mounted  in  a  quill  when  they  are  small 
or  of  moderate  size,  but  when  larger 
than  a  quill,  they  are  mounted  in  white 
iron-tubes. 

The  most  essential  quality  of  a  good 
pencil  is  to  form  a  fine  point,  so  that  all 
the  hairs    without    exception    may   bo 
united  when  they  are  moistend  by  laving 
them  upon  the  tongue,  or  drawing  them 
through  tlie  lips.     When  hairs  present 
the  form  of  an  elongated  cone  in  a  pencil, 
their  point  only  can  be  used.    The  whole 
difficulty  consists    after   the    hairs   are 
cleansed,  in  arranging  them  together  so 
that  all  their  points  may  lie  in  the  same 
horizontal  plane.    "  We  must  wash  the 
tails  of  the  animals  whose  hairs  are  to  be 
used,  bv  scouring  them  in  a  solution  of 
alum  till  they  l)e  quite  free  ft*om  grease, 
and  then  steeping  them  for  24  hours  in 
lukcwann  water.    Wo  next  squeeze  out 
the  water  by  pressing  them    strontrly 
from  the  root  to  the  tip,  in  order  to  Toy 
the  hoirs  as  smooth  as  possible.     They 
are  to  be  dried  with  pressure  in  linen 
cloths,  combed  in  the  longitudinal  direc- 
tion with  a  very  fine-toothed  ci)mb,  final- 
ly wrai)ped  up  in  fine  linen,  and  dried. 
When  perfectly  dry,  the  huirs  are  sei/-ed 
with  pincers,  cut  oeross  clo&e  to  the  skin, 
and  arranged  in  separate  heaps,  accord- 
ing to  their  respective  lenj^^ths. 

F^ich  of  these  little  heaps  is  placed  se- 
parately, one  after  the  other,  in  small  tin 
jiaiis  with  flat  bottoms,  with  the  tip  of 
the  hair  u])wards.  On  striking  the  rx^t- 
tom  of  the  ]>an  bliuditly  upon  a  table,  the 
hairs  t:*'t  arraiiL'cd  parallel  to  each  other, 
and  their  ilelic;ite  points  rise  more  or  less 
accordinu:  to  their  lengths.  The  longer 
ones  are  to  be  picked  out  and  made  into 
so  many  jiarcels,  when-bv  each  parcel 
may  be  comj)osed  of  etjuafly  long  hairs. 
The  j^erlection  of  the  pencil  depends 
u}'on  this  cfjiiality;  the  taperinff  point 
IniiiLT  produced  simply  by  the  attenua- 
tion ot  the  tips. 

A  pin«'li  (•!  one  of  these  parcels  is  then 
taken,  ot"  a  thickness  corresitoiulint:  t<» 
the  iiiteudcd  size  of  the  jH.'iicil  :  it  is  ^t't 
in  a  little  tin  pan,  with  its  tips  under- 
most, and  is  shaken  by  striking  the  pan 
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OD  Uie  UUa  ■■  befon.  Tbs  root  end  of 
thu  hain  being  tied  by  tbe  fisUcrraui'ii 
or  ««uuan'B  knut  with  &  fine  thread,  it  ia 
tsken  oQt  of  the  pan,  and  than  hooped 
n'ith  atroager  thread  or  Ivine  ;  tlie  kout 
being  drawn  very  tight  by  means  of  tvc 
littlE  aticka.  The  dutuico  from  the  tips 
at  whioli  these  ligatarea  are  placed  ia  of 


according  to 
7  are  steeped 

to  BweU  end 
It  the  ehancc 

'  liie  laiyerend 
,.i  at  the  other 


introdaeed  liv  it^  t:| 
orthei;utciDlU,b.ix] 
lliem  to  a  point  Ki:i 
piubed  fonrarils  w  l\ 
diameter,  tiU  it  luu 
■nd  narrun-oT  end  i>i 

HANDBPIKK  . 
on  shipboard  for  iv 
and  eapslan,  One  tii< 
to  fit  tlie  holes  ol'  ^! 
in  the  barrel  otlW 

UANK,  la  apirir.i 


Icient  to  " 
Ic  bnriien,  whei 
venient  aneliorage,  and  where  aJiipa  inn)' 
lie,  load,  and  luuoad,  screened  Crvio  Iho 
winda  and  bejond  tbs  reach  of  the  tide. 
HAEU  BODIES,  in  Katunil  rhiloeo- 
phy,  are  such  ;iB  riaiiBt  any  |in- 

.  ,      a  of'. 

,   :ro,  and  do  _ 

telveo;  and  to  elastic  bodiiti,  the  pnrts 
ofwhifh  also  yield  toprei^suruorinipaet, 
hut  presently  recover  llieniselvcs  when 
the  Jislurbing  force  eenfeH  to  act. 

lIABDNEStt.  lii>jli,v»ioit,tliulqaulity 
of  bodies  in  virtue  uf  which  their  imni- 
cIm  resist  tho  action  of  any  c\leriiarfi<ree 
tending  to  alter  their  rcUtivc  pi>»itioiii', 
or  to  impart  to  them  any  moliiqi  iii  rc- 
•pcel  of  each  other,     ^e^vtoll  siijiimsia 

pcrlci'tly  hnrd,  nnrl  not  mpolilu  of  Vieini; 


tnre  j  bat  «•  are  still  too  little  ocqnoint' 

termine  wiili  any  oeitsioty  the  conditions 
uf  the  elementary  particles  which  render 
bodies  hard,  brittle,  and  elastic. 

IIabdkeh.  In  Mineralogy,  Hinersis 
may  occasionally  be  diatinguidhed  end 
identiflcd  by  their  relative  decrees  of 
hardncas  ;  to  specil^  which  various  scales 
have  been  anggested,  among  which  that 
of  Mobs  is  perhaps  the  most  aimple. 
According  to  it  the  relative  degrees  of 
hardneea  are  expressed  in  nnmbers,  re- 
ferring to  the  tbllowiog  Btandard  aub- 
* —!-■->-  —  easi^  obtained  in  n 

«.  AilnlsHa  (Feldspar). 
I.  Bock-crystaL 


substiincei',  is  Biud'[o|insiH'HH  the  hardness 
cipteSBed  by  liie  ntlnched  number.  Thns 
if  a  iiiiiicnd  neither  scratehea  noi  ia 
Bcratchcd  by  calcareous  spar,  ita  hardness 
is  reprcKciiled  by  S  ;  if  it  acratchee  feld- 
»piir  and  not  roek-cTysta),  ita  hardtieas  Is 
staled  lo  lie  between  S  and  T. 

IIAKDWAKK,  is  nsed  to  Ki(niiiy  every 
kind  of  goods  mantifsctnred  from  metals, 
eompriHlnif  iron,  brans,  steel,  and  copper 
ani<£es  ol    all  dcccrirtionB.      Tho  hard- 

portaiil  carried  on  in  (.treat  Britain.  Its 
priiicipol  seats  sreBinninglmm  and  Shef- 
iicld,  which  furnish  imniense  quantities 
of  knives,  nuon,  Hcii^Fors,  gilt  and  plotcd 
wnre,  fire-arms,  itc,  both  for  home  con- 

IIAKKOW.  in  Bgricnl'turG,  a  rectan- 
gular fnime  villi  a  number  of  spikes  in- 
tcrtcil  in  it  on  one  side.  TIiIh  frame, 
when  drogged  over  plaaghed  land,  breaks 
tlic  furrow  slicpB  into  snuU  jneces,  fur  the 
purpowe  of  prcpuring  the  land  for  seed  in 
vonic  cases,  and  for  coverin;;  the  seed  in 

fViiine  of  tl    " 


>r  divli 


y  pow> 


'■uul  mat 


a  of  i] 


■ed  1> 


canes  both  tlic  Ihinie  ntid  Iho  spiken  are 
of  wood,  and  in  others  botli  nrr  of  Inm, 
UtvasioiiBlly  the  fmnie  is  a  eirete  of  iron, 
and  tho  spikoe  ai   '      -   '  '"  '*  " '- 
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at  right  angles  to  the  fhtme :  bat  in  the 
improved  forms  they  are  inserted  ot  on 
obnque  angle,  or  pointing  forward:*,  bv 
which  means  the  harrow  is  drawn  much 
more  easily  through  the  soil.  The  best 
implement  of  this  description  at  present 
in  use  is  Finlayson's  harrow.  This  im- 
plement, by  means  of  a  lonj;  lever,  can 
oe  regulated  to  such  a  nicety  as  to  stir 
the  soil  to  the  depth  of  only' one  or  two 
inches,  for  the  purpose  of  covering  grass 
or  clover  seeds  ;  or  it  can  be  pressed  into 
it  of  such  a  depth  as  to  serve,  in  the  case 
of  stubbie  lands,  instead  of  nloujfhing. 
Wilkie's  harrow  and  Kirkwood's  harrow 
can  be  used  for  similnr  purposes.  They 
differ  nothinjf  from  Finlayson's  in  prin- 
ciple ;  but  beint;  on  a  smuller  scale  can  be 
worked  with  fewer  horses  than  Fiiilny- 
Bon's,  which  commonly  requires  four  or 

8i.T. 

HARROWING.  The  process  of  draw- 
ing a  harrow  through  tlie  soil  fortlic  pur- 
pose of  reducing  it  to  a  level,  of  coverini? 
seed,  or  of  turning  up  weeds  in  ploughed 
ground,  or  moss  in  prass  lands.  In  ajjri- 
culture  the  harrow  is  drawn  by  horses  or 
oxen;  and  in  market-irardening,  where  a 
light  harrow  is  sometimes  employed,  by 
men.  In  either  ca.<e  the  more  rapid  the 
motion  of  the  harrow,  up  to  a  certain 
point,  the  more  etticient  will  be  its  opera- 
tion. For  meadow  lands,  the  objeet  of 
harrowing  is  to  disperse  the  little  henns 
of  earth  raised  dnrinif  winter  and  eariv 
spring  by  moles  and  worms ;  and  lor 
this  purpose  the  harrows  in  sonic  parts 
of  the  country  are  turned  iipside  down; 
while  in  others,  less  advamod,  tliorn 
branches  are  tucked  intr>  a  frntiie  resein- 
blinif  a  harrow,  and  ilriiL'Lri'd  over  the 
surface  for  the  purpose  oj"  etfoctini:  the 
same  object.  This  is  called  a  hush  har- 
row. 

HARTSHORN,  SPIRIT  OF.  An  i.n- 
pure  solution  of  earhonate  of  ainnionia, 
obtained  by  the  dewtruotive  di-tilhition 
of  hartshorn  or  any  kind  ^f  hone.  It  is 
now  never  made  hy  this  pruoes>.  hut  hy 
a  direct  solution  of  the  i»ure  carbonate  of 
ammonia. 

1L\T  MANUFACTrUK.  The  nmte- 
rialsused  lorniakiiiLr  h;it«*arc,  l)eslde>silk, 
the  fur  of  hares  nod  rahlnts  chosiii  from 
the  lonij  hair;  to^^cther  with  wool  jind 
beaver  ami  niitriii.  The  two  latter  are 
reserved  for  the  tiiicr  hats.  The  Imdy  ot' 
a  bcMver  hat  is  iuad«'  i>t'  tine  wool  aii«l 
coarse    t'nr    mixed    :md    iMtrd    to-_'ctlu'r, 

then  sliir<'Med  and  slmpL'  1  ;  th •veriiiL'' 

consists  of  a  coiit  ot'    bc;iver-t'ur    tilted 
upon  the  body.     Cheap  hats  have  their 


bodies  made  of  coarse  wool,  and  their  co- 
verings of  coarse  fur  or  fine  wool.    The 
body  or  foundation  of  a  good  beaver  bat, 
is  at  present  made  of  8  parts  of  rabbitV 
fur,  8  parts  of  Saxony  wool,  and  1  part  of 
lama,  vicnnia,  or  reii  wool.     About  two 
ounces  and  a  half  of  the  above  mixture 
are  sutlicient  for  one  hat,  and  these  are 
placed  in  the  hands  of  the  botc^  ;  his 
tool  is  a  bow  or  bent  ashen  staff,  from  5 
to  7  feet  long,  having  a  strong  catgut 
string  stretched  over  a  bridge  at  each  end, 
and  suspended  at  its  middle  by  a  cord  to 
the  ceiling,  so  as  to  hang  nearly  level  with 
the  work  bench,  and  a  small  space  above 
it.    The  wool  and  coarser  fur  are  laid  in 
their  somewhat  matted  state  upon  this 
bench,  when  the  bower,  grasping  the  bent 
rod  with  his  left  hand,  and  hy  mean*  of  a 
gniuU  woodi'n  catch  plucking  the  string  with 
hi»  ri^ht^  makes  it  vibrate  smartlv  against 
the  fibrous  substances,  so  as  to  disentan- 
gle them,  toss  them  up  in  the  air,  and 
curiously  arrange  themselves  in  a  pretty 
unitbrm  layer  or  fleece.     A  skilful  bower 
is  a  valuable  workman.     The  bowed  ma- 
terials of  one  hat  ore  spread  out  and  di- 
vided into  two  portions,  eilch  of  which  is 
compressed,    first  with  a    light  wicker  . 
frame,  and  next  under  a  piece  of  oil  cloth 
or  leather,  called  a  hardening  skin,  till  by 
pressing  the  hands  backward  and    for- 
ward all  over  the  skin,  the  filaments  are 
linked  together  by  their  serrations  into  a 
somewhat  coherent  fleece  of  a  triangular 
shape.     The  two  halves  or  **  bats  "  are 
then  formed  into  a  cap ;  one  of  them  is 
covered  in  its  middle  with  a  8-cornered 
piece  of  paper,  smaller  than  itself,  so  that 
Its  e«l?C3  may  Ixj  folded  over  the  paper, 
and  by  overlapping  each  other  a  little, 
t'orni  a  complete  envelope  to  the  paper; 
the  junctions  arc  then  partially  feltea  to- 
L'ctlier  by  rubhint;  them  hard,  care  being 
taken  to   keep  the  base  of  the  triancrle 
open  by  means  of  the  paper;  the  second 
but  JH-infT  made  to  enclose  the  first  by  a 
similar  process   of  folding  and    friction. 
This  doul)le  cap,  with  its  enclosed  sheet 
of  pai>er,  is   next  rolled  up  in  a  damp 
♦•lotii    au'l    kneaded    with    the   hands  in 
evtrv  dire.'tion,   durinsj  which   it   is  un- 
folded  and  creased  up  aijain  in  ditferent 
t'orms.  whereby  the  two  layers  get  tho- 
rtiUL'hly    incorporated    into    one    lx>dy ; 
thu>,  on  withdrawint.'' the  par»er,  a  holjow 
cojic  i>  oi'tniiied.     This  cap  is  next  taken 
and  dipped  ovfa>-ionally  into  a  weak  arid 
solution  made  of  vitri<»l  ami  water  and  is 
al>o  wroiiirlit  by  hands  or  with  the  roller 
on  tile  slopini;  planks.     This  c«3nstitutc3 
fulliii^j  or  thickening  and  is  continued  4 
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or  B  hoora ;  knots  are  ;deked  ont 
fresh  Ml  iddod  by  ■  wet  bmBh, 
be»ver  is  applied  at  tho  end  of  tiiis  ope- 


i^^^tpinff,  or  thichcnin^  the  lliiik  b^'-iB, 
■een  by  lookiug  throojjli  tbo  boiis  i-  ■•.  r- 
furmed  by  dnubiug-  on  ndilili'ni'il   ~i  iS 


■tarunk  and  made  i.  

ing,  il  u  atilTBDod  with  vumislt  1.1.11111  i- 
lioarabbed  in  with  a  bruali :  lljr     1  -1  lo 

peeoIUrly  charged  K-rl  ^  ■ 

ready  lo  b«  «(y™(,  w\.:-  lo 

UiUh^.    TheflretLH,.,!  i- 

ping,  whieh  hafl  bcLii    ]■  t, 

M  atrewed  iquallv    •■■■-  ■■  d 

potted  OQ  with  Rbtii^li  h 

thehoCllqaor,  until  h  t:^ .     1    '       .; 

Ihe  cnl  ends  towarda  il.i  ]■.■:,[.,    ,-0 

The  body  i»  now  put  into  a 'murM,'  i.iiir 
doth,  then  dipped  and  nJleJ  in  ilu  ln.t 
Honor,  until  the  root  ends  i.f  Uu'  U.r.  a 
Hi:  tln,Mueblj-  v,-i.rk.-d  in.     Tlii-  1.  t.  ,-H- 

•triji  for  Ihe  brim,  round  the  odgo  orihe 

by  every  thing  ia  refliiy   for  the  Beooiid 

li..  ,  .uo'rolJin,--    '--     ■■-■-- 

™,  ;ill  >  nnifiirm.  el 

ftltcdhood -_. 

Tlie  bat  ia  now  ready  to  receive  iu  pro- 
per ebape.  Far  this  purpose  Ihe  work- 
man tanta  up  the  edge  or  brim  to  the 
dE'pth  ofaboDt  li  incb,  and  then  returns 
the  point  of  the  cone  baclt  again  throu^th 
the  axil  of  the  cap,  ao  aa  to  produce  ano- 
tlicr  inner  fold  of  the  aame  depth.  A 
third  Told  ia  produced  by  returning  tho 

iving  a 


point  of  the .  „ 

reaemblea  a  flat  drcular  ^ _. 

numlwr  of  conccDiric  folds.  In  tli 
it  ia  laid  upon  the  plank,  and  wetted  with 
the  litioor.  The  workman  pulla  out  the 
point   with   liia  floger«,    and    presses  it 

ume  time  round  on  ila  ccnirc  upon  the 
plank,  till  a  flat  portjon,   equal  to  ttie 


crown  of  the  hat,  is  rubbodont.  Thiaflat 
crown  ia  now  placed  upou  a  Mock,  and, 
by  preasing  a  string  palliid  a  eomnumdrr, 
down  ilio  sidoa  of  the  block,  he  fore 
fiaria  cdjaa 

liko  a  puckered  appendage  re 
lindrioal  cone  ;  but  the  proper  flgura  la 
next  (riven  to  it,  by  working  and  rubbinar 
it.  The  body  is  rendered  waterproof  and 
stiff  by  being  imbued  with  a  varnish 
composed  of  ebellnc,  sandarach.  maatio, 
and  other  reaina  dissolved  in  alcoliol  or 


the'hai 


hat  being  dried,  ita  nap  !■  niaed  or 
:ned  with  a  wire  brush  or  oard,  and 
sometimes  it  is  previously  pounced  or 
mbbed  with  pumice,  to  take  o9  the 
coarser  parts,  and  afterwards  rubbed 
over  with  eeal-Bkiu,  The  hat  ia  now  tied 
with  pscb-thrcad  upon  ita  block,  and  ia 
anerwarda  dyed.    See  Hat-dtiiko. 

The  dyed  bats  are  now  removed  to  the 
stiffening  shop.     Beer  groundi  are  next 


rouA;aj 


comLng  through ;  and    when    the    beer 
grounds  are  dried,  glue  [gum  Senegal  ia 

on  the  inBide  of  tlio  crown,  and  the  lower 
surface  of  the  brim. 

The  bat  is  then  noflcned  by  exposure 
to  atcam,  on  the  sleaming  liaain,  and  ia 
brushed  and  ironed  till  it  receives  the 
proper  gloss.  It  is  lastly  cut  round  at 
the  brim  by  a  knife  flied  at  the  end  of  a 
gauge,  winch  rests  against  tho  crown. 
The  brirn,  however,  ia  not  cut  entirely 
through,  bnt  is  torn  offac  as  lo  leave  an 
edging  of  beaver  rouud  the  external  rim 
of  tlio  list.    The  crown  being  tied  up  in 


early  atags 
t  of 


.  lie  removed  in  order  t 
rial  for  the  better  dfarrii 
icparation  ia  effected  by 


winnowing  machine,  which  walta  away 
tho  flner  and  lighter  parla  of  the  fura  and 
wools  from  the  coarser, 
mtk  huts,  for  several  yean  after  they 

flrat,  the  body  or  Khell  over 


silk  CI 


iie'irei^ar 


itahardn*    .     , 

cond,  the  edge  of  liie  crown  ocing  mucn 
expo-ed  to  blows,  llie  silk  nap  soon  got 
abraded,  ao  as  to  lay  bare  the  collon  foun- 
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dfttion,  which  is  not  capable  of  taking  bo 
fine  a  black  dve  as  the  8ilk  ;  wlienco  the 
hat  assumect  a  ehabby  appearance. 
Messrs.  Mayhew  and  White,  of  London, 
hat-manufacturers,  remedied  these  de- 
fects, by  making  the  hat  body  of  stuff  or 
wool,  and  rcUeving  the  stiffness  of  the  in- 
ner part  round  tlie  brim,  by  att^iching  a 
coating  of  beaver  upon  the  under  side  of 
the  brim,  so  as  to  render  the  hat  pliable. 
Round  the  edge  of  the  tip  or  crown,  a 
quantity  of  what  is  called  stop  wool  is  to 
be  attached  by  the  ordinary  operation  of 
bowing,  whicn  will  render  the  edge  soft 
And  elastic.  The  hat  is  to  be  afterwards 
dyed  of  a  good  black  color,  both  outside 
and  inside ;  and  being  then  properly 
stiffened  and  blocked,  is  ready  for  the  co- 
vering of  silk. 

The  plush  employed  for  covering  silk 
hats,  is  a  raised  nap  or  pile  woven  usu- 
ally upon  a  cotton  foundation ;  and  the 
cotton,  being  incapable  of  receiving  the 
same  brilliant  black  dye  as  the  silk,  ren- 
ders the  hat  apt  to  turn  brown  whenever 
the  silk  nap  is  partially  worn  off.  The 
way  to  counteract  this  evil  is  by  making 
the  foundation  of  the  plush  entirely  of 
silk.  To  these  two  iniproveinents,  now 
pretty  genendly  introduced,  the  present 
excellence  of  tfie  silk  huts  may  oe,  in  a 
good  measure,  ascribed. 

In  a  great  hat  factory  women  are  cm- 
ployed,  at  respectable  wjiircs,  in  plucking 
the  beaver  skins,  croppink:  off  the  fur, 
sorting  various  quiilitics  of  wool,  pluck- 
ing and  cutting  rabbit's  fur.  Hliearing  the 
nap  of  the  blocked  lint,  picking  out  un- 
seemly tiUunont.i  of  fur,  and  in  trinnning 
the  hats;  that  is,  lining  and  binding 
them. 

With  regard  to  the  ftflftnintj  of  hnt><. 
Dr.  Ure  gives  the  t'ollowiiitr  recrints 
as  furnisliod  by  a  skilt'ul  o]'t  nitor  with 
the  followiiiff  valuai)lo  inroriiiation :  — 
All  the  solutions  ol"  gums  which  1  have 
hitherto  Ncen  ])rei)ari'd  by  hatters,  have 
not  been  perfect,  out,  in  a  certain  decree, 
a  mixture,  more  or  less,  i>f  the  gums, 
whicli  are  merely  suspended,  owing  to 
the  cxDnsistenoy  of  the  composition. 
When  this  is  tliinncd  by  the  addition  of 
spirit,  an<l  allo\ve«l  to  stand,  it  lets  fall  a 
curdy  loitkinsx  sediment,  and  to  this  cir- 
cumstance may  V)e  aseriljed  ihe  frequent 
brcakiiiiT  ot'  hats.  My  inethod  of  pro- 
cecdinir  is,  tirst,  to  dissolve  tin-  truni-^  l»y 
agitation  in  twice  the  due  ([uantity  of 
Bi>irits.  wlictlit.T  of  wood  or  wine,  and 
then,  after  eomjihte  .solu'i«»n,  draw  olf  : 
one  half  the  sjurits  in  a  still,  so  as  To 
bnng  the  stitfening  to  a  projicreonsi-ten-  i 


cy.  No  sediment  sabsequently  appears 
on  diluting  this  solution,  nowever  macb 
it  may  be  done. 

Both  the  spirit  and  alkali  stiffenings 
for  hata  made  by  the  following  two  re- 
ceipts, have  been  tried  by  some  of  the 
first  liouses  in  the  trade,  and  have  been 
much  approved  of; — 

I^HrU  Stifeninff. 

7  pounds  of  fine  oninee  shellac. 

2  pounds  of  gum  sand&rac 

4  ounces  of  gum  mastic. 

Half  a  pound  of  amber  resin. 

1  pint  of  fiolntion  of  copaL 

1  gallon  of  spirit  of  wine  or  wood  naptha. 

The  shellac,  sandarac,  mastic,  and  re- 
sin, are  dissolved  in  the  spirit,  and  the 
solution  of  copal  is  added  laat. 

Alkali  Stift^ning. 
7  pounds  of  common  black  sheDac. 
1  pound  of  amber  resin. 
4  ounces  of  snim  rbus. 
6  ounces  of  borax. 
Haifa  pint  of  solution  of  copal. 

Uat-dyeino.  The  ordinary  bath  for 
dyeing  hats,  employed  by  the  Liondon 
manufacturers,   consists,   for  12   dozen, 

of— 

144  pounds  of  logwood. 
12  pounds  of  green  sulphate  of  iron,  or  cop- 
peras. 
1}4  pounds  of  verdigria 

The  copper  is  usually  made  of  a  semi- 
cylindrical  shape,  and  should  bo  sur- 
rounded with  an  iron  jacket  or  cxxse,  into 
which  steam  may  be  admitted,  so  as  to 
raise  the  temperature  of  the  interior  bath 
to  li»()^  F.,  but  no  higher,  otherwise  the 
heat  is  apt  to  affect  the  stitfening  varnish, 
called  the  gum,  with  which  the  body  of 
the  hat  has  been  imbued.  The  logwood 
having  ])ecn  introduced  and  digested  for 
some  time,  the  copperas  and  verdigris  are 
added  in  successive  ouantities,  and  in  the 
aijove  f)roportions,  along  with  every  suc- 
cessive two  or  three  dozens  of  hats,  sus- 
pended upon  the  dipping  machine.  luieh 
set  of  hats,  after  being  exposed  to  the 
bath  with  occasional  airings  during  40 
minutes,  is  taken  off  the  pegs,  and  laid 
out  U]>on  the  ground  to  oe  more  com- 
pletely blackened  by  the  peroxydizenunt 
of  the  iron  with  the  atmospheric  oxvvren. 
In  .3  or  4  hours  the  dyeint:  is  completed. 
When  fully  <lyed,  the  hats  arc  well  wa.s li- 
ed in  runiiinir  water. 

JlKAliT  WllKKL.  The  nnmcgivento 
a  Well-known  mechanical  contrivance  for 
convert iiiL' a  circular  motion  into  an  al- 
ternating' rr ctilinear  one,  common  in  eot- 
ton  juills.     It  is  an  ellipse  turned  eith«T 


] 


OTOLOFXDIA   OF  THB  USSFUL  AKT6. 


243 


on  sn  aido,  or  hj  means  of  a  wincli  and 
handle  on  one  of  its  foci,  or  its  centre,  on 
whose  ed^e  a  movable  point  or  circle 
pre:^ses ;  tne  latter  receives  an  alternating 
motion  from  the  ciroamference  of  the  el- 
lipse, which  in  its  revolution  presses  it 
to  different  distances  f^om  the  centre  of 
motion.  The  practical  disadvantages  of 
this  contrivance  are  the  inequality  of 
pressure  and  of  moving  force  which  will 
De  required  at  different  parts  of  the  rotar- 
tion  of  the  ellipse,  and  the  consequent 
wearing  of  some  parts  of  it  faster  than 
others. 

HEAVY  SPAR.  Native  sulphate  of 
haiyta.  This  is  a  common  mineraJ  in 
many  mining  districts.  It  occurs  in 
several  crystalline  forms,  of  which  the 
deavage  is  a  right  rhomboidal  prism ;  it 
also  occurs  fibrous^  radiated,  and  staiac- 
titic  Some  beautiful  specimens  of  the 
latter  variety  have  been  found  in  Derby- 
shire of  a  brown  color.  The  crystals  are 
usually  white,  or  nearly  colorless.  The 
specim}  gravity  of  sulphate  of  baryta  is 
4-1  to  4-6.  It  consists  of  77  baryta,  40  sul- 
phuric acid,  its  equivalent  being  117.  It 
enters  into  the  composition  of  some  kinds 
of  pottery,  but  its  chief  consumption  is 
in  the  adulteration  of  white  lead.  It  is  a 
mineral  common  in  the  States  of  New- 
York  and  New  Jersey. 

HECKLE  is  an  implement  for  dissev- 
ering the  filaments  of  flax,  and  laving 
them  in  parallel  stricks  or  tresses.  *  ^ee 
Flax. 

HELIOCHROMATYPE.  Under  the 
article  Daguerreotype,  notice  has  been 
taken  of  the  attempts  of  Becquerol  and 
Hill,  to  produce  naturally  colored  impres- 
sions on  the  silver  plate.  In  Marcn  of 
this  year  (1851),  M.  Niepce  dc  St.  Victor 
communicated  to  the  Paris  Academy  of 
Sciences,  a  memoir  showing  the  manner 
of  taking  the  natural  colors,  llavinfr 
formed  the  idea  that  there  might  be  some 
relation  between  the  color  that  a  sub- 
stance communicates  to  flame,  and  the 
color  that  light  produces  on  a  j^late  of 
silver  chloridized  with  the  substance  tliat 
colors  the  flame,  he  undertook  the  expe- 
riments which  led  to  his  success,  lie 
foand  it  necessary  to  expose  the  plate  to 
chlorine,  and  then  coat  it  with  the  chlo- 
ride of  tne  particular  metal  he  wna  inves- 
tigating; no  other  salts  acted  similarly 
to  the  chlorides.  Dry  chlorine  docs  not 
produce  any  effect,  but  when  the  plate  is 
immersed  in  the  liquid  chlorine,  or  ex- 
posed to  the  aqueous  vapor,  the  colors 
are  all  reproduced.  The  mode  of  operat- 
ing is  thus  ;    The  bath  is  made  of^ohlo- 


rine  1  part,  and  8  parts  of  water.    When 
hydrochloric  acid,  with  a  salt  of  copper, 
is  used,  it  is  diluted  with  1-10  of  water. 
The  liquid  chlorine  should  not  be  con- 
centrated, as  good  vellows  are  not  then 
obtained.    Clear  solutions  and  stoppered 
bottles  should  be  used.    The  purest  sil- 
ver plate  is  preferable  for  these  experi- 
ments*   this  is  cleaned   with  ammonia 
and  tnpoli,  then  plunged  into  the  buth, 
and  left  there  for  some  minutes  in  order 
to  receive  a  sufficiently  heavy  coating, 
the  plate  is  then  removed,  rinsed  with 
water,  and  dried  by  a  spirit-lamp.     In 
the  bath  it  takes  on  a  dark  color,  almost 
black,  and  though  it  will  take  the  colors, 
yet  the  ground  will  be  black.     In  order 
to  have  a  clearer  ground  and  a  quicker 
operation,  the  plate  is  changed  by  heat 
to  a  cherry  red,  when   the  dark    plate 
is  heated  by  a  lamp  placed  below  it.     It 
passes     through     the    following    tints, 
brownish    red,    cherry   red,    bright    red, 
reddish    white,    whitish.       In    the   last 
stage  it  has  lost  the  power  of  producing 
images.      The    plate    should    only    be 
brought  to  the  chcrrv  red  condition.    It 
is  then  to  be  exposed  in  the  camera.     To 
obtain  a  picture  it  reqiiires  two  hours- 
This  must  be  owing  to  Tsiepce's  not  using 
any  accelerator;   he  mentions   fluoride 
of  soda,  chloric  acid,  and  the  chlorates  as 
worthy  of  trial  for  this  purpose.     These 
images    disappear    very    quickly,    and 
Niepce  has  not  been  successful  in  fixing 
them  ;  exposing  the  plate  to  the  flame  of 
alcohol  containing  cliloride  of  sodium  or 
muriate  of  ammonia,  partially  succeeds. 
The   chlorides  which,  when    employed 
alone,  act  upon  the  silver  plate,  so  as  to 
nuike  it  take  all  the  several  colors  of  the 
model,  are   the  chlorides  of  copper,  of 
iron,  of  nickel,  of  potassium,  and  the  hy- 
pochlorites of  soda  and  lime,  as  well  as 
liquid  chlorine. 

It  in  evident  from  the  forcgoincr,  that 
Ilcliochromatypo  is  yet  hut  in  its  infancy, 
and  cnnnot  bo  j)racticallv  applied  as  vet. 

HELIOTKOPE  is  a  vari^ety  of  jasper, 
mixed  with  chlorite,  green  earth,  and 
dialliigc  ;  occasionally  marked  with  blood- 
red  points;  whence  its  vulf^ar  name  of 

HEMATINE  is  the  name  given  by  its 
discoverer,  Chevrcul,  to  a  crystullinesub- 
stance,  of  a  pale  pink  color,  and  hrillinnt 
lustre  when  viewed  in  a  lens,  which  he 
extracted  from  logwood,  tiie  /ai i/uifo.i///'m 
Ctirnpechiii/iut/i  of  Ixitaiiists.  It  is,  in  fact, 
the  characteristic  priiu'lple  of  this  dye- 
wood.  To  procure  lieniatinc,  di^'cst,  dur- 
injr  a   few    hours,   ground    lopwoo<l    in 
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water  heated  to  a  temperature  of  about 
180*^  F. ;  Alter  the  liquor,  evaporate  it  to 
drj'ness  by  a  steam  bath,  and  put  the  ex- 
tract in  alcohol  of  0-835  for  a  clay.  Then 
filter  anew,  and  after  having  inspissated 
the  alcohol  solution  by  evaporation,  pour 
it  into  a  little  water,  evaporate  gently 
again,  and  then  leave  it  to  itself  in  a  cool 
place.  In  this  way  a  considerable  quan- 
tity of  crvstals  of  hematine  will  be  ob- 
tained, wliich  may  be  readily  purified  by 
washing  with  alcohol  and  dr;vinff. 

When  subjected  to  drv  distillation  in 
a  retort,  hemtitine  niforcfs  all  the  usual 
products  of  vcifctablc  bodies,  along  witli 
a  little  ammonia  :  which  proves  the  pre- 
sence of  azote.  Boiling  water  dissolves 
it  abundant] V,  and  a.s8umes  an  ornnire- 
red  color,  which  pa.sses  into  yellow  by 
cooling,  but  becomes  red  again  with  heat. 
Sulphurous  acid  destrovs  the  color  of 
solution  of  hematine.  i^otash  and  am- 
monia convert  into  a  dark  purple-red  tint, 
the  pale  solution  of  hematine  ;  when  these 
alkalis  are  added  in  larjjo  quantity,  they 
make  the  color  violet  blue,  then  brown- 
red,  and  lastly  brown-yellow.  By  this 
time,  the  hematine  has  become  decom- 
posed, and  C4innot  be  restored  to  its  pris- 
tine state  by  neutralizing  the  alkalies  with 
acids. 

The  waters  of  baryta,  strontia,  and  lime 
exercise  an  analogous  power  of  decoui po- 
sition ;  but  they  eventually  precipitate 
the  changed  colf)rintf  m:itt(^r, 

A  red  solution  of  iiciuatinc  snbiected 
to  a  current  of  siil|»hurft«'d  hy«ln»L'«.'U  l>o- 
coiiics  yellow;  b>it  it  n'suinc-^  its  <.)riiriiial 
hue  when  the  siilphurclci  hvdroir<.-u  is 
removed  ]>y  a  hflle  pi'tash. 

The  ])r<»toxytle  "t  K'a«l,  the  i)rot'>xy.le 
of  tin,  tlie  hydrate  <>f'  pj'ri»\\de  of  ir"ii, 
the  hydrate  of  oxydes  of  copper  and 
nickel,  oxvde  of  l>i.sniulli.  coiiibiue  with 
hematine,  and  color  it  )»lue  witii  iri<jre 
or  les>  of  a  violet  ca>t. 

Hematine  prc<'ipitates  {.due  from  its  so- 
lution in  red«li--h  lloek".  Tliis  su!>^ranee 
ha-*  not  hitiierto  been  employi-il  in  its 
pure  state;  but  a>  it  constiiuU'-'  the  ac- 
tive jirineiple  td' lot,'\vood,  it  enters  as  an 
inLfredient  into  all  the  colors  made  with 
tluit  dye-stnlf. 

Tlu'se  colors  are  princi]>nlly  violet  and 
]>lack.  ('Iieviciil  lias  proposci.l  liemaline 
as  an  excellent  test  of  acidity. 

IIKMATITK  is  a  native  reddish-brown 
]>ei'o\yde  ot"  iron,  consisiitiLr  of  owlt*.'!! 
Jiot'H'i  ;  iron  i;o-;;i.  It  is  the  ki(hn-\  or.- of 
< 'innberland.  which  is  smellid  at  river- 
stone  with  ciiarco:il.  into  exfellent  ste«'l 
iron.     It  is  one  otilic  most  al>un<lant  and 


valuable  of  the  iron  ores  in  the  United 
States.    Sfe  Iron. 

HEMP.  The  fibres  of  the  cannabis 
sativa ;  a  plant  grown  extensively  in  this 
country^  but  mostly  in  Kentuckjr  and 
Missouri.  It  is  a  native  of  India  and 
Persia,  and  was  thence  introduced  into 
Europe.  Though  much  grown  here,  yet 
more  is  imported  from  Russia.  It  grows 
wild  in  many  waste  places.  It  g^ows 
well  on  strong  soils,  and  hence  on  newly 
cleared  lands.  Soon  after  flowering,  the 
male  plants  are  pulled,  and  the  temale 
plants  let  to  remain  some  weeks  longer  to 
mature  the  seed.  These  do  not  preser\e 
their  vitality  longer  than  a  year,  owing  to 
the  large  quantity  of  oil  in  them.  The 
males  sliould  be  tied  immediately  in  bun- 
dles, the  roots  cut  off"  while  fresh,  the 
upper  leaves  also  beaten  off,  and  it  is  the 
most  eligible  practice  to  immerse  them 
in  water  without  delaying  for  rotting. 
The  females,  which  aretliree  times  more 
numerous  than  males,  should  be  pulled 
very  carefully,  without  shaking  or  inclin- 
ing the  summitfii,  and  the  flail  should  not 
be  used,  as  it  bruises  the  seed.  This, 
when  separated,  should  be  spread  out 
and  turned  at  iutervids,  and  ex[)Osed  to  a 
current  of  air;  otherwise  they  fennent. 
The  process  of  rotting  consists  in  the 
decomposition  of  the  substance  which 
envelopes  and  unites  the  fiVjres,  and  takes 
place  much  more  rapidly  in  stagnant 
pools  than  in  running  water  or  extensive 
takes,  in  warm  weather  tlum  the  re- 
verse. The  time  requisite  varies  from 
five  to  fil'teen  days,  even  in  stagnant 
water.  The  water  in  which  hemp  haft 
been  rotted  has  a  disagreeable  o<lor  and 
ta«Nte,  pn>vint:  latal  to  fishes,  and  should 
be  distant  from  any  inhabited  place,  lest 
it  enireniier  pestilential  diseases.  When 
water  is  not  at  hand,  hemp  is  rotted  in 
the  open  air,  V>y  sjtreading  it  at  night 
upon  the  irreen-sward,  and  heaping  it 
toirclherin  the  morning, before  the  sun's 
rays  have  much  power.  In  wet  weather 
it  m:iy  be  lett  on  tne  ground  during  the 
wlioleday  ;  and  should  the  niirht.s  Ix-  very 
ilry,  it  is  better  to  water  it.  This  process 
is  called  (/r/r-f'offi>ii/,  and  is  very  tedious, 
requirin:r  tliree,  six.  or  even  eijiht  weeks. 
Another  methotl  airain,  is  by  placintr  it 
in  a  pit,  and  covering  it  over  with  about 
one  loot  of  earth,  after  having  watereil  it 
abiindiintly  a  sinirle  time;  but  even  this 
method  requires  double  the  time  of 
w;iter.  AtU-r  Ix'ini;  rotted  and  raj>idly 
dried,  it  is  rea'ly  for  canting,  beatiiikr, 
tV"'.,  but  these  subsequent  manipulations 
are  tbund  by  cxi>erien^'e  to  l>e  very  un- 
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hMlthy,  protxiUv  tmra    tha  Hoe  dnst 
created  ind  firing  Bbont. 

J,  T.  froot  &  <:o,,  MBjsville,  Ohio, 
havewnt  iulotha  msrkBtn  mrdige  innna- 
fcclnred  by  tliam,  of  rotteJ  hemp,  bi)  Ity- 
■ruzed  by  the  use  of  mitiBe plica ubstancea 
M  to  ronder  it  iadeslrafrtible  wbea  ex- 
posed to  the  weatber  ( ordaKe  pre 
pared '■'•- •■—   '■— ' ' j!--r.- 


fg  hat 


iMmp   in  not  he 
inniting  point  in  r  t 
inter  rotted  hem  p  alf    i    M 
to  capable  of  bein^;  kyan  z<.d 
rotted   hemp,  u  bu  been   i 
done  In  Enalaod,  bt  tlie  uae 

■QtlMjl.^ 


hied  when  e\jjom  i  1  nu-ip-*  I  i  nito 
to  deeay  TK  Man  I  In  «  II  Ii-i  -  mi 
four  or  ilTe  muiillH  wi  uae  I  in  tl 


b«lf  Ml  lonK — the  Ruexinn  hemp  vhon 
kept  moialand  warm, will  ioaeili'i'lreniith 
in  ibouC  tliree  verlta — the  Aiiicrieiiii 
water-rotted  in  tiro  veulcB,  and  tliB  iltivr- 
mtied  in  fVom  five  to  ten  dnyii.  The  un- 
rolled hemp,  without  beiii|r  kynni/ed, 
will  not  iMt  Ioniser  than  liii^  ilew-riitlcd, 

,acTioi^>er»re  loBinR  its  Btrenuih. 
The  color  and  uppcnniiee  of  tbbi  cord- 

tetl  hem™.    Tbi;  alrcngili  is  Krculer  than 

like  Manilla,  bv  friction. 

]>r.  Lruvitt  ^iiw  dcvlned  a  method  of 
prcnnrinf  hempiWbidicoiisiiilnofalicmp- 
itreniTlh,  pri>|ie1lcd  hy  a  Htcnm  eniiinc, 
breaking  hemp  at  the  rate  of  two  pxniidi 
per  minnte,  l**n  pouniln  in  ten  hunra; 
anil  dcliverini  the  henin  la  *uch  cnmli' 
tion  na  to  bu  more  ciikiIv  and  Knccdily 

Uian  the  dcw-rotled  h>'iiip  of  the  •■■■m- 
mon  hand -brake,  and  with  i|iiite  an  litllr, 
if  not  leas  «ui>l«.    Tbecluuiiu);  a|>piir(i- 


S4fi 

tun  is  also  thonffht  to  be  likely  to  prova 
eqnnliy  etTeclivo  when  (XimiBhed,  as  ita 
simplicity  and  adaptation  seem  to  war- 
rant tills  cimelDajoa,  More  than  the 
whole  of  the  fuel  neceasary  foroneHleiim 
en^ne,  will  be  fnmished,  it  is  said.  IW.m 
tliti  hemp  itself,  bjf  three  brake*,  nnd  ii 
Bn|;plted  to  the  lumace  without  necea 
Bity  of  a  areniBD. 

he  hemp-bmkeB  stand  in  a  lino  over 
a  strong  eratinp,  beneath  which  la  * 
trougl  wiione  sides,  inclined  inward,  re- 
eene  and  depoeit  upon  an  endless  band, 

all  the  woody  matter  falling  from  the 
brakeaaniicBrryinBrit  ton  funnel,  throui^h 
wh  Oi  It  IB  thrown  into  the  fnrnaco  and 
scattered  in  its  bed,  i|;!nitine  instantly, 
and  keipnp  up  nn  intonsdy  hot  9re. 
A  man  ond  t«o  hovs  are  antlicient  to  at- 
tend eoth  brake  with  tare,  and  a  third 
one  can  bear  off  I  he  hemp  fi'Dm  the  three 
brakes,  dLlivered  In  bands  or  endless 
roMngto  be  panscd  through  the  rarious 

wl  nil  I*  lesiirneiltosiiperaodelbe  wBsle- 

n  aniifieture  oftow  entirely.    Connected 

I  It  III!  till,  powerful  antiscjrtic  snbatiinces 

II  H   in  I  SI-  1        1  II  111   i^riw  0|^^"^^ 


of  South  America,  so  celebrated 

fbrits  iiradnetion  in  iheconlaireandHaila 
of  shii  jnii -' '-  "  -  -'■■■ -"•- 


_         IHWwItO 

nialenul  to  be  nscd  will  b 
factory,  end  will  not  coat  c 
ton  nrliemp. 


to.     Th« 
made  at  t 


Dr.  Lciivitt's  efforts  will  prove  of  great 
value  to  our  commercial  intereitB,  as  well 
as  probably  ercatly  encourairc  the  atri- 

tlie  cultivation  of  hemp,  and  the  amount 
of  this  product  will  doubtless  be  luuch 


increased  at  the  w 
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Bevenl  propertiea  render  it  enperior  to 
qunssia,  gentian,  etc. 

HORDEIN.    A  modification  of  starch, 
containing  55per  cent,  of  barley  meal. 

HORN.  The  hollow  horns  of  the  ox. 
goat,  <fec.,  the  hoof,  the  homy  claw  and 
nail,  and  the  scale  of  certiun  insects,  as 
the  shell  of  the  tortoise,  resemble  each 
other  in  chemical  characters ;  but  they 
differ  verv  widely  ttom  stages  horn,  ivo- 
ry, <&c.  Horn  is  distingnished  fVom  Done, 
in  bein^  softened  very  completely  by 
heat,  either  applied  immediately,  or 
through  the  medmm  of  water,  so  as  to  be 
readily  bent  to  any  shape,  and  to  adhere 
to  other  pieces  of  horn  m  the  same  stat«. 
It  contains  but  a  small  portion  of  gela^ 
tine,  and  in  this  it  differs  from  bone, 
which  contains  a  great  deal.  Horn  con- 
sists chiefly  of  condensed  albumen,  com- 
bined with  a  small  and  varying  portion  of 
gelatine,  with  a  small  part  of  phosphate 
of  lime.  The  fixed  alKalies  readily  dis- 
solve horn  into  a  yellow  saponaceous 
liquor. 

Horn,  Mantjfactitre  ov  akticlka  in. 
Horn,  particularly  of  oxen,  cows,  goats, 
and  sheep,  is  a  substance  soft,  semi-trans- 
parent, and  susceptible  of  being  cut  and 
pressed  into  a  variety  of  forms ;  it  is  this 
property  that  distinguishes  it  from  bone. 

•niese  valuable  properties  bein^  known 
render  horn  susceptible  of  beinj^  em- 
ployed in  a  variety  of  works  fit  for  the 
turner,  comb,  and  snuff-box  maker.  The 
kind  of  horn  most  to  be  preferred,  is 
that  of  goats  and  sheep,  from  its  being 
whiter  and  more  transparent  than  the 
horn  of  any  other  animal.  When  horn  ia 
wanted  in  sheets  or  plates,  it  mutst  be 
steeped  in  water,  to  oe  able  to  separate 
the  pith  from  the  kernel,  for  about  nfteen 
days  in  summer,  and  a  month  in  winter; 
and  when  it  is  soaked  it  must  be  taken 
out  by  one  end  and  well  shaken  and 
rubbed,  in  order  to  get  out  the  pith  ;  af- 
ter which  it  must  be  put  for  half  an  hour 
in  boiling  water,  and  then  taken  out,  and 
the  surface  sawed  even,  lengthwise  ;  it 
must  again  be  put  into  the  Iwiling  water 
to  soften  it,  so  as  to  render  it  cauable  of 
separating  ;  then  with  the  helpot  uMimll 
iron  chisel  it  can  be  divided  into  sheets 
or  leaves.  The  thick  pieces  will  form 
three  leaves,  those  which  are  thin  will 
form  only  two,  whilst  youncr  liorn,  which 
is  only  one  quarter  of  an  inch  thick,  will 
form  only  one.  Those  plutos  or  leaves 
mustairain  be  put  into  tlic  boilintj  water, 
and  when  they  are  sutlicicntl y  sott,  they 
must  be  well  worked  with  a  sharp  cuttihir 
instrument,   to  render  those  parts  that 


are  thick  even  and  nniform  ;  St  must  be 
put  once  more  into  the  boiling  water, 
and  then  carried  to  the  press.    Mr.  J. 
Jamra  has  contrived  a  method  of  opening 
op  the  horns  of  cattle,  by  which   he 
avoids  the  risk  of  scorching  or  ftizzingi 
which  is  apt  to  happen  in  heating  them 
over  an  open  fire.    He  tskoB  a  solid  block 
of  iron  pierced  with  a  conical  hole,  which 
is  fitted  with  a  conical  iron  plug,  heats 
them  in  a  stove  to  the  temperature  of 
melting  lead,  and  having  previously  cut 
up  the  horn  lengthwise  on  one  side  with 
a  saw,  he  inserts  its  narrow  end  into  the 
hole,  and  drives  the  plug  into  it  with  a 
mallet.    By  the  heat  of  the  irons,  the 
horn  gets  so  softened  in  the  course  of 
about  a  minute,  as  to  bear  flatting  out  la 
the  usual  way. 

At  the  bottom  of  the  press  employed^ 
there  must  be  a  strong  block,  in  which  ia 
fonned  a  cavity  of  nine  inches  sqiiare, 
and  of  a  proportionate  depth  ;  the  sheets 
of  horn  are  to  be  laid  within  this  cavity, 
in  the  following  manner  :  at  the  bottom, 
first  a  sheet  of  hot  iron,  upon  this  a  sheet 
of  horn,  then  again  a  sheet  of  hot  iron, 
and  so  on,  taking  care  to  place  at  the  top 
a  plate  of  iron  even  with  the  last,  and 
the  press  must  then  be  screwed  down 
tight. 

There  is  a  more  expeditious  process,  at 
least  in  part>,  for  reducing  the  horn  into 
sheets,  wnen  it  is  wanted  very  oven.  Af- 
t^ir  having  sawed  it  with  a  very  fine  and 
sharp  saw,  the  pieces  must  be  put  into  a 
boiler  used  for  the  purpose,  and  then 
boiled  until  sufficiently  soft,  so  as  to  be 
able  to  be  split  with  pincers ;  then  bring 
quickly  the  sheets  or  horn  to  the  press, 
where  they  are  to  be  placed  in  a  strong 
vice,  the  clasps  of  which  are  iron,  and 
larger  than  the  sheets  of  horn,  and  screw 
the  vice  as  quick  and  tight  as  possible  ; 
let  it  then  cool  in  the  press  or  vice,  or  it 
is  as  well  to  plunge  the  whole  into  cold 
water.  The  last  mode  is  preferable,  be- 
cause the  horn  does  not  ary  up  in  cool- 
ing. Now  draw  out  the  leaves  of  horn, 
and  introduce  other  horn  to  undergo  the 
same  process.  The  horn  so  enlarged  in 
}>rcssing  is  to  be  submitted  to  the  action 
of  the  saw,  which  ought  to  be  set  in  an 
iron  frame,  if  the  horn  is  wanted  to  be 
cut  with  advantage,  in  sheets  of  any  de- 
sired thickness,  wliieh  cannot  l)e  done 
without  adopting  tliis  mode.  The  thin 
sheets  tluis  produced,  must  be  kept  con- 
stantly very  warm  between  the  plates  of 
hot  in)n  to  preserve  their  8oft:ness.  Every 
leaf  must  be  loaded  with  a  weight  heavy 
enough  to  prevent  its  warping.    To  join 


OTOLOPIDU  07  THI  USKFUL  ARTS. 


rovide  strong 
iiwa  uj  Liipanftpe  of  t hour- 
it«i,Biid  to  place  the  pi^eet 
th  ^pper  plHtcp^  or  with 
]  atirtkoefl  fl^infit  them  ; 
tone,  the  nhole  shonid  bo 
pQl  into  a  vice  and  ncrewtd  upli)cht,then 
plongisl    into  boiling — -"    -'^  — 


tide  that 
poliohed 


nil.'...' 


,  and    after 


to  cement  together,  and  Ij«i.-dii]i> 
vniled. 

To  complete  the  poliuli  of  llii'  1 
mrlkce  muftt  be  riibbtd  with  f^\t 


it  red,  . 


aoltiti 


iplojed  as  fe 


of  gold 


ohon 


iretfiinlfd  with 


■  aolntion  of  lilwr  int 

mercnrr  lo  nitrie  ncic 
of  the  hotB  ronat  be 
tboM  Mjlationp,  and  III 
color  iotetided.  The  lirown  ppftn  can  be 
produced  oi^  the  horcbj  lueanHof  apaste 
made  of  red  lea'l,  with  a  solution  of  pol- 
■ih,  which  must  be  put  in  piervi  on  the 
liom,  and  aubjirted  aoina  lime  lo  tlio  ac- 
tJDD  ofhent.  Thedcciinesgortbt  brown 
shade  depend*  upnii  the  qnaiility  of  iiot- 


n  of 


inditro  with  anlphnrio  ucid,  a  liwoiTioiioi 
MlTron,  and  ^rharj-  tree  wi«-d  i«  uft-f. 
After  having  tmidovcd  tlicKe  iiiHlcriiJii, 
tha  hom  may  be  left  tbr  Imlf  a  dny  iu  ■ 
atrona-  solution  of  vinounr  and  iiliim. 

HOKNBLENDK.  Xmineralofadnrli 
green  or  black  color,  alwimdiDK  in  oxide 
of  iron,  and  entering  into  llie  coinjioHi- 
tlon  of  i-evernl  of  the  trap  rocks.  It  i: 
■(  llauj.    It .  -  - 


rly  truisparvnt 


ittle;  hardncBB  about 


dorf,  gave  the  Ibliowi 
Whilt 

Sitei W41 

Mapinia M-sa 


or  those  Tarieties  of  the  precent  ape- 
ciea  which  have  obtuned  dintinct  names, 
aiil  which,  In  soma  systems  of  mineralo- 
gy, have  ever  been  regarded  as  forming 
separate  species,  the  followltig  are  the 
most  remarkable,  vii  r  hnrnhltndi,  Iremo- 
Utt,  oftgnolitt,  and  certain  binds  of  ns- 

liOllKBLENDE  SCHIST.   Anlatyvi 


dark  green 

flate  is  in  ' 


olor.  Where  clay 
contact  with  granite.  It  samo- 
'  into  hornblende  slute. 
OWEK.    It  is  well  kn 

of  raiBing'a  weight  of  abow  150  lb.  m6 
tbct  high  in  a  minute,  and  to  eontinue 
exertions  enabling  him  to  do  that  for  3 

Muit)|>ly  the  number  of  pounds  by  tha 
height  lo  which  thev  are  niiaed  in  a  inin- 
nte,  ISO  y  KiO  give*  83,0(Ni  lb.,  ami  Hie 
power  of  a  horse  in  generully  exprei^sed 

Sii.OiN)  lb.,  misnt  1  foot  high  in  a  minute. 

Ki.ltnn  and  Wnlt  exnrcHH  it  bv  SS.iidiilb.: 

Woolr,  by  38,o001h.:  Tredgold,  Palmer, 

and  olhcm,  I^  ita.3S3  lb.    One  horae  ran 

"  illy  t»  much  ■! 


In  ti^ -- 

allowed  for  IVielion  ii 
equivjilent  of  horse  vm^ 

IIDKSK.      Ihhl,  ^  J- 


ml  lo  lis 


culeulnting  its 

^  Dflrf    %rt*. 

Let  ns  snp]Ki9c  IG  to  ropresent  tlic  infnt- 
est  unl'uuled  apeed,  and  tlie  s<|UaTV  of  I.'s 
or  £^5,  to  represent  the  Ereatest  li>ail 
whii-b  con)>o  siistuined  wilboulni'iviui!-, 
Hie  H.ll.>B-i|ig  table  gives  fi.r  eiich  d.-;;n-o 

loud  and  ui>el\il  etl'ect : — 


d  1  plovrd  if 
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A  horse,  npon  a  well-constructed  rail- 
road, can  draw  10  tons  at  the  rate  of  2 
miles  per  hour,  or  5  tons  4  miles  per  hour. 

The  absolute  force  of  the  horse  draw- 
ing horizontally  is,  on  average,  770  lb. 
From  various  calculations  it  would  appear 
when  the  period  of  continuance  is  made 
an  element  in  the  calculation,  that  the 
power  of  a  horse  working  eight  hours  a 
day  is  on  an  average  not  more  than  an 
equivalent  to  that  of  five  men  working 
10  hours  ;  the  most  useful  mode  of  ap- 
plying a  horse's  power  is  in  druuj/ht,  and 
the  worst  is  in  carrying  a  load ;  it  has 
been  found  that  three  men  carrying  each 
100  lb.,  will  ascend  a  hill  with  greater  ra- 
pidity than  one  horse  carrying  300  lb. 
The  best  disposition  of  the  traces  in 
draught  is  wiion  they  are  perpendicular 
to  tiie  collar. 

When  a  horse  is  employed  in  moving 
a  machine  in  a  circular  path,  the  diame- 
ter of  this  path  should  not  b«  less  than 
25  or  30  feet ;  40  feet  would  be  better 
than  either. 

HUMAN  STRENGTH.  An  active 
man,  working  to  the  best  advanlaLre,  can 
raise  10  lb.  10  feet  in  a  second  for  10 
hours  in  the  day,  luO  lb.  one  foot  in  a 
Bccond. 

Absolute  force  of  pressure  with  tlie 
hands  was  found  bv  the  dvauninnKler  of 
Regnier  to  be  on  an  averuLre  equal  to  lOO 
lb.  Absolute  force  of  a  man  liftiiii,^  with 
both  hands,  2^^^  lb.  The  greatest  ave- 
raire  load  whirh  a  man  can  suj^port  on 
his  shoiilders,  for  some  si,'<.-oii(l>,  is  esti- 
mated at  ^^'JO  ih.  ;  and  it  is  suj 'posed  that 
he  ean  exert  the  same  loree  in  drawiii"- 
veitieally  downwards. 

The  mean  absolute  force  of  a  man,  in 
drawini;  or  pnlliiiL''  horizontally  is  found 
by  the  dynanioinetcr  to  be  lli»  lb.;  the 
force  of  tiie  i>ull  in  the  stroiiLre^t  man 
was  tbiind  to  be  only  lio  lb.  mure  than 
the  averaL'"c. 

The  Lrreafest  otfect  r>f  rtian's  strenirth  in 
rai>inLr  a  weii:lit  will  be  when  the  weiirht 
of  llie  man  is  to  that  of  his  l..ad  il->  1  :  — 
-f-  v/3,  or  nearly  as  4  :   'A. 

IlOSjKICY.  T\\v  ■iforJ.in'J  friUfh\  wliieli 
is  the  LTeat  ini|>leinent  <»t'  \\\\>  bii«.ine-s, 
thf»ULrli  it  appear'^  at  tirst  si::ht  to  l>e  u 
complicated  machine,  e"nsi>t.>  nu-relv  of 
a  repetition  of'  parts  easily  undeisti"). >d, 
with  a  moderate  deLrnr  of  att»nfl>'n, 
provivied  an  accurate  i-onc(  ptlon  i>  (ii>t 
ionuetl  of  the  natur«-of  the  ho-ii-rv  fa-  | 
brie.  This  texture  is  totally  dillui-nt 
from  the  rt'eta!i<_'iilar  dt-cu-^at ion  whicli 
constitutes  clotli,  as  tiie  sh;/iile>t  in^pec-  | 


tion  of  a  stocking  will  show;  for  this, 
instead  of  having  two  distinct  systems 
of  thread,  like  the  warp  and  the  weft, 
which  are  woven  tog^tner,  by  crossing 
each  other  at  right  angles,  the  whole 
piece  is  composed  of  a  single  thread 
united  or  looped  together  in  a  peculiar 
manner,  whien  is  celled  stocking- stitch, 
and  sometimes  chain-work. 

A  single  thread  is  formed  into  a  num- 
ber of  loops  or  waves,  by  arranging  it 
over  a  number  of  parallel  needles ;  these 
are  retained  or  kept  in  the  form  of  loops 
or  waves,  by  bemg  drawn  or  looped 
through  similar  loops  or  waves  formed 
by  the  thread  of  the  preceding  course  of 
the  work.  The  fabnc  thus  formed  by 
the  union  of  a  number  of  loops  is  easily 
unravelled,  because  the  stability  of  the 
whole  piece  depends  upon  the  ultimate 
fastening  of  the  first  end  of  the  thread: 
and  if  this  is  undone,  the  loops  formea 
by  that  end  will  open,  and  release  the 
subset inent  loops,  one  at  a  time,  until 
the  whole  is  unravelled,  and  drawn  out 
into  the  single  thread  from  which  it  was 
made.  In  the  same  manner,  if  a  thread 
in  a  stock ing-piece  fails,  or  breaka  at  an^ 
part,  or  drops  a  stitch,  as  it  is  called,  it 
nnmediately  produces  a  hole,  and  the 
extension  of  the  rest  can  only  be  pre- 
vented by  fastening  the  end.  it  should 
be  observed  that  there  are  many  diller- 
ent  tabrics  of  stocking-stitch  for  various 
kitids  (»f  ornamental  hosiery,  and  a.s  each 
requires  a  ditferent  kind*  of  frame  or 
machine  to  produce  it,  we  should  greatly 
exceed  oar  hmits  to  enter  into  a  detailed 
descrintion  of  them  all.  The  species  we 
have  uestribed  is  the  common  stocking- 
sliteh  used  for  }»lain  hosierv,  and  is  form- 
ed by  tiie  machine  called  the  common 
stoi-kiiiL'-frame,  which  is  the  ground- 
work of  all  the  others.  The  o])eratit»n 
c<)n>ists  in  drawinj?  the  looj)  of  a  thread 
successively  throuirh  a  series  of  oilier 
loops,  so  lon;r  lifl  the  work  is  continued. 

Thcn>  is  a  trreat  varietv  of  ili  tie  rent 
traines  in  use  for  producing  various  or- 
namental kinds  ot  liosiery. 

Iiih  .ytiH'kitKj-fraiiK.  This  frame,  which, 
next  to  tiu;  common  frame,  is  most  e\- 
tcu-ively  in  use,  is  employed  for  work- 
iiiir  those  strij>ed  or  ribbed  stockiniTS, 
V.  hich  are  verv  common  in  all  the  dif- 
fciciit  materials  of  which  h«»sierv  is 
formed.  In  princii>le  it  docs  not  ditfcr 
iVom  liic  i-ommon  trame,  and  not  fcrfcatly 
in  coiivtruclion.  The  preeeilinLr  general 
descrij>tion  will  nearly  apply  to  this  ma- 
ciiine  with  equal  propriety  as  to  the  for- 
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raer;  that  port,  however,  by  which  the 
nb«  or  stripes  are  formed,  is  entirely  an 
addition. 

This  fhune  has  been  already  referred 
to  for  the  illustration  of  those  parts  of 
the    machinery  which   are  common   to. 
both,  and  those  parts  therefore  require 
no  recapitulation.  The  principle  of  weav- 
inj?  ribbed  hosiery  possesses  considera- 
ble affinity  to  that  which  subsists  in  the 
weaving  of  that  kind  of  cloth  which  is 
distinguished  by  the  name  of  t|WceIing, 
for  the  formation  of  stripes,  wilh  some 
variation  arising  merely  Ironi  the  dif- 
ferent nature  of  the  fabric     In  cloth 
weaving,  two  different  kinds  of  yam,  in- 
tersecting each  other  at  right  angles,  are 
employed ;  in  hosiery  only  one  is  used. 
In  the  tweeling  of  cloth,  striped  as  dimi- 
tv,  in  tlie  cotton  or  kerseymere,  and  in 
the  woollen  manufacture,  the  stripes  are 
produced  by  reversing  tneeo  yams.    In 
hosiery,  where  only  one  kind  of  yarn  is 
used,  a  similar  effect  is  produced  by  re- 
versing the  loops.    To  effect  this  revers- 
ing of  the  loops,  a  second  set  of  needles 
is  placed  upon  a  vertical  frame,  so  that 
the  bends  of  the  hooks  may  be  nearly 
under   those  of  the  common    needles. 
These    needles    are   cast 
into  tin    moulds,   pretty 
similar  to  the  former,  but 
more  oblique  or  bevelled 
towanls  the  point,  so  as 
to    prevent    obstructions 
in  working  tlicni.    They 
are  also  screwed  to  a  bar 
of  iron,  generally  lij^hter 
than  the  other,  and  se- 
cured by  means  of  plates : 
this  bar  is  not  fixed,  but 
has  a  pivot  in  eaoh  cud, 
by  means  of  which   the 
bnr  may  have  a  kind  of  os- 
cillatory motion  on  these 
pivots.     The  two  frames 
of  iron  support  this  bur;  that  in  which  it 
oscilhites  being  nearly  vertical,  but  inclin- 
ed a  little  towards  the  other  needles.  This 
figure,  which  is  a  profile  elevation,  will 
servo  to  illustrate  the  relative  pof^ition  of 
€«ch  bar  to  the  other.   The  vertical  frame 
at  a  is  attached  to  the  horizontal  frame 
dj  by  two  centre  screws,  which  serve  as 
joints  for  it  to  move  in.     On  the  top  of 
this  frame  is  the  rib-needle  bar  at/,  and 
one  needle  is  represented  &tf.     At  (/  is  n 
small  pre^ser,  to  shut  the  barbs  of  the 
rib-needles,  in  the  same  manner  as  the 
large  one  does  those  of  the  frame.     At  h 
ii*  <ine  of  the  frame -ncedkw*,  to  show  the 
relative  position  of  the  one  ftet  to  th<» 


other.  Tlie  whole  of  the  rib-bar  is  not 
fitted  with  needles  like  the  other ;  for 
here  needles  are  only  placed  where  ribe 
or  stripes  are  to  be  formed,  the  intervals 
being  filled  up  with  blank  leads,  that  is 
to  say,  with  sockets  of  the  same  shape  as 
the  others,  but  without  needles;  being 
merely  designed  to  fill  the  bar  and  pro- 
serve  the  intervals.  Two  small  handles 
depend  from  the  needle-bar,  by  which 
the  oscillatory  motion  upon  the  upper 
centres  is  given.  The  rising  and  sinking 
motion  is  communicated  to  this  machine 
by  chains  which  are  attached  to  iron 
sliders  below,  and  which  are  wrought  by 
the  hQsier^s  neel  when  necessary.  The 
pressure  takes  place  partly  by  the  action 
of  the  small  presser,  and  partly  by  the 
motion  of  the  needles  in  descending.  A 
small  iron  slider  is  placed  behind  the 
rib-needles,  which  rises  as  they  descend, 
and  serves  to  free  the  loops  perfectly 
from  each  other. 

In  the  weaving  of  ribbed  hosiery,  the 
plain  and  rib  courses  are  wrought  alter- 
nateljr.  When  the  plain  are  finished, 
the  rib-needles  are  raised  between  the 
others,  but  no  additional  stuff  is  sup- 
plied. The  rib-needles,  intersecting  the 
plain  ones,  merely  lay  hold  of  the  last 
thread,  and,  by  again  bringing  it  through 
that  wliieh  was  on  the  rib-needle  betbre, 
give  it  an  additional  looping,  which  re- 
verses the  line  of  chaining,  and  raises 
the  rib  above  the  plain  intervals,  which 
have  onlv  received  a  Binsrle  knitting. 

HYALITE,  Manukactire  ok.  This 
name  is  given  to  a  black  glass  first  made 
in  Bohemia,  in  ISiiO,  by  M.  de  Buquoi. 
To  prepare  it,  it  is  necessary  to  add  to  the 
materials  for  white  glass,  a  quantity  of 
iron  forge  cinder  powder,  charcoal  dust 
in  excess,  and  eaioined  bone  powder. 
The  fortfc  cinder  mav  be  replacea  by  ba- 
salt, or  lava.  If  suttlcient  charcoal  is  not 
prct^cnt,  the  glass  takes  a  green  color.  A 
red  hvalite  may  be  obtained  with  cal- 
cined l>one  powder,  oxide  of  copper,  car- 
bon, <fcc.,  and  all  these  varieties  present 
A  marbled  structure  upon  cutting.  Theso 
gla«*scs  arc  very  beautiful :  thev  are  fit 
to  take  the  place  of  porcelain  in  many 
cases,  possess  far  more  lustre,  and  can 
receive  a  more  pert'ect  polish. 

HYDKAKGYLLITK.  A  name  given 
to  the  native  pho!»phate  of  alumina,  under 
the  erroneous  i<lea  that  it  consisted  of 
alumina  and  water. 

11  YDKATKs.  ('om]>ounds  containing 
water  as  one  of  their  i^roxi mate  elements, 
and  in  definite  proportion.  Caustic  pot»- 
ash  is  a  hytimt^  of  p^fn^f^iu,  composed  of 


262 


OrOLOPKDIA   OV  TBS  GSBFUL  ABKB. 


[UTD 


1  eqaiTBlent  ot  pota8Ba  =  48,  and  1  of 
water  =  9.  Slaked  lime,  which  is  an  ap- 
parently dry  white  powder,  is  a  hydrate 

HYDRAULIC  RAM,  or  WATER 
RAM.  An  ingenious  hydraulic  machine 
for  raising  water  by  means  of  its  own 
impnlse.  The  principle  of  its  action  and 
the  mechanism  of  its  construction  may 
be  described  as  follows : 


f 


The  water  arriving  at  A  from  the  re- 
servoir with  the  velocity  due  to  the 
height  of  the  fall,  passes  alon^  the  pipe 
A  B,  which  should  have  an  inclination 
of  at  least  an  inch  for  every  two  vards, 
escapes  through  an  orifice  C,  which  may 
be  snut  at  pleasure  by  means  of  a  valve. 
A  reservoir,  F,  filled  with  air,  is  attached 
by  means  of  a  cylinder,  a  b  c  d^  to  the 
pipe  A  B  D ;  in  the  midole  of  the  bottom 
of  the  reservoir  F  is  a  circular  orifice,  to 
which  there  is  adapted  a  short  cylinari- 
cal  tube,  of  which  the  extremity  E  is 
also  furnished  with  a  valve.  Ajiother 
valve,  S,  serves  to  supply  the  air  to  the 
space  comprised  between  the  cylinder 
abed  and  the  tube  E.  G  I  H  is  an  as- 
censional tube  rifling  from  the  reservoir 
F.  The  water  which  cncapes  at  C  is  car- 
ried otf  by  the  wa.Hte  pipe  K  L. 

The  form  of  this  apparatus  (or  perhaps 
its  mode  of  aKion)  HU^Lrcsted  the  name 
it  has  received.  The  pii)e  ABC  ia  called 
the  bod//  of  the  ram  ;  and  the  extremity, 
where  the  valves  and  the  reservoir  F  are 
placed,  is  called  its  had.  Both  valves 
I)  and  E  are  formed  of  hollow  balls  Hup- 
ported  on  muzzles,  and  of  such  a  tliiek- 
ness  of  metal  that  they  wei^h  al)out  twice 
as  much  as  the  quantity  of  water  they 
displace. 

We  may  now  consider  the  effects  of 
the  engine  when  in  action.  The  water, 
flowiuij  through  the  orifli'e  G,  acquires  the 
velocity  due  to  tlie  heiL'ht  of  tlie  fall,  and 
raises  the  hall  1>  from  its  support  till  it 
comes  to  the  orifice  (';  the  extremity  of 
tiiis  orifice  is  covcre<l  with  Icntlicr,  or 
with  cloth  tilled  with  i)itcli,  ^o  that  when 
the  ball  is  ap]>lied  to  it,  the  i>;is^at'o  of 
the  water  ia  etfeetually  prevented.     As 


Booa  as  this  orilloe  w  dosed,  the  wmter 
raises  the  ball  £  which  had  shat  the  ori- 
fice of  the  reservoir  F,  and  a  portion  of 
it  introduoes  itself  into  this  reservoir, 
and  into  tiie  pipe  O  I  H.  It  thiia  loses 
the  velocity  wnich  it  had  when  the  ori- 
fice C  was  shut,  and  the  balls  D  and  E 
fall  down  in  consequence,  the  one  on  its 
support,  and  the  other  on  the  orifice  at 

E.  When  this  takes  place^  every  thing 
is  in  the  same  state  in  which  it  was  at 
first.  The  water  be^s  again  to  fiow 
through  the  orifice  0;  the  valve  D  is 
again  shut ;  and  the  same  effects  are  re- 
peated in  an  interval  of  time,  which,  for 
the  same  ram,  undergoes  little  variation. 

Every  time  the  impulse  is  renewed,  a 
quantity  of  water  is  forced  up  into  the 
reservoir  F  and  the  tube  H ;  and  as  it  is 
prevented  from  returning  by  the  action 
of  the  valve,  it  must  neoessarilv  be  deli- 
vered at  the  extremity  of  H.  T^he  use  of 
the  air-vessel  F  is  to  keep  up  a  continu- 
ous motion  of  the  ascending  column  of 
water.  The  communication  with  the  ex- 
ternal atmosphere  bein^  cut  off,  the  air 
within  F  is  compressed  by  a  force  pro- 
portional to  the  height  of  the  surfaoe  of 
the  water  in  H  above  its  surface  in  F ; 
and  this  compressed  air,  acting  by  ita 
elasticity  on  the  water,  maintains  a  con- 
tinuous fiow  through  H.  The  air-vessel, 
however,  though  it  assists  the  action  of 
the  ram,  is  not  an  essential  part  of  it ; 
the  continuity  of  the  dischai^e  of  water 
may  be  etfeet'ed  by  means  of  two  or  more 
rams,  of  which  the  ascensional  pines  G  I 
n  all  terminate  in  a  single  braiuni.  On 
this  principle  works  have  been  erected  at 
Marly,  in  Franco,  which  raise  water  in  a 
continuous  jet  to  the  height  of  67  melret^ 
or  1S7  En^rlish  feet. 

As  the  ascending  column  of  water  com- 
municates with  the  air  in  the  reservoir 

F,  this  would  soon  be  exhausted  if  a 
fresh  portion  of  air  were  not  introduced 
at  eacli  stroke  of  the  ram.  The  little  tube 
S,  wliich  is  stopped  by  a  valve  opening 
inwards,  serves  tor  this  puripose.  At  the 
instant  when  the  orifice  ('  is  closed  a  re- 
coil takes  place,  by  which  the  water  is 
thrown  baoK  from  the  head  of  the  mm  to- 
wards the  cistern  ;  and  a  partial  vacmim 
beintr  thus  produced  withm  the  cylinder 
a  b  r  d,  the  pressure  of  the  external  at- 
mosnhere  forces  open  the  valve  in  the 
canal  S,  and  a  portion  of  air  enters  the 
cvliiider,  whence  it  is  driven  into  the  re- 
f;crvoir,  excepting  the  small  part  of  it 
wiiii'li  lodires  in  the  S})ace  between  the 
cylinder  u  h  c  d  and  the  tube  E. 

'  The  invention  of  the  hydraulic  ram, 
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at  leant  in  the  improred  form  here  de- 
acribed,  belongs  to  Montgolfler,  of  Mont- 
pelier.  A  machine,  however,  on  the 
aame  principle  had  previously  been  suff  • 
nested,  and  even  erected  at  Cheater  (Eni^O, 
by  Mr.  Whitehnrst,  bat  much  less  perfect 
in  its  mode  of  action ;  for  the  orifice  C, 
instead  of  being  opened  and  shut  by  the 
action  of  the  water  itself,  required  to  be 
opened  and  abut  by^  the  hand  by  means 
or  a  atop-oock.  Owing  to  this  circum- 
stance, Whitehmvt*8  machine  was  of  lit- 
tle utility,  and  appears  to  have  soon  been 
entirely  forgotten. 

HYDEAULIC  PKE8SURE  EN- 
GINES. A  Mr.  Glynn  brought  under  the 
notice  of  the  British  Association  in  1849 
the  means  of  employing  high  falls  ofwater 
to  produce  reciprocating  motion,  by  means 
of  a  pressure  engine  ;  this  latter  acted  on 
by  toe  power  of  a  descending  column  of 
water  upon  the  piston  of  a  cylinder  to 
give  motion  to  pumps  for  raising  water 
to  a  different  level,  or  to  produce  a  re- 
ciprocating motion  for  otnor  purposes. 
The  pressure  engine  was  calculated  to 
give  great  mechanical  effect  in  coscm 
where  water-fidls  exist  of  much  too  great 
a  height  and  too  small  a  volume  to  be 
practKslly  used  efficiently  on  water 
wheels  within  the  ordinary  limits  of  di- 
ameter. One  of  these  engines  is  at  pres- 
ent worked  at  the  Allport  Mines,  Derby- 
ahire.  The  cylinder  i^  60  inclies  di- 
ameter, and  tne  stroke  10  feet,  worked 
by  a  column  of  water  132  feet  high,  so 
tfiat  the  proportion  of  power  to  act  on  it 
was  the  area  of  a  piston  to  that  of  the 

? lunger,  namelv,  1,963  to  1,385,  or  fully 
0  per  cent.  T^he  engine  lover  cost  60 
dollars  a  year  since  its  erection  in  1841. 
Its  usual  speed  is  5  strokes  per  minute, 
but  can  work  7  without  any  concussion 
in  the  descending  column.  The  duty  ac- 
tually done  being  equal  to  163  horse 
power.  Area  of  plunge  9*621  feet  X  10 
-!-  7  strokes  =  673-41.  673-41  X  62-6  +  132 
=  55|5  033  =  163 horse  power. 

In  this  engine  as  in  others,  when  water 
acts  by  its  gravity  or  pressure,  these  ma- 
chines do  the  best  work  when  the  water 
enters  the  machine  without  shock  or  im- 
pulse, and  loaves  it  without  velocity, 
obtaining  thus  all  the  available  power 
thot  the  water  can  yield  with  the  least 
loss  of  effect.  This  result  is  best  accom- 
plished by  making  the  pipes  and  ]UL'*satfes 
of  sufficient  size  to  prevent  accelenitiou 
of  the  hydrostatic  column. 

Tlie  ])res»ure  of  a  smiill  column  of  wa- 
ter, as  that  of  a  common  hydrant  pipe, 
hs8  been  made  to  turn  a  coffee-mill,  which 


it  works  eoonomioaUy  and  efficiently. 
There  are  many  small  machines  which 
might  readily  be  turned  by  the  Croton 
water  in  New  York,  and  also  in  other 
large  cities  by  the  mere  descending  force 
of  the  small  hydrant  or  hose  pij>e.  It 
would  be  in  cities  one  of  the  simplest 
and  leust  expensive  powers. 

HYDRIODIO  ACID.  A  j^aseous  com- 
pound of  hydrogen  and  iodine,  obtained 
DV  the  mutual  decomposition  of  iodide 
01  phosphorus  and  water.  It  is  com- 
posed of  126  iodine  +  1  hjrdrogen  ;  and 
its  eouivalent,  therefore,  is  127.  The 
specinc  gravity  of  this  ^as  is  4*4.  One 
hundred  cubic  inclies  weigh  186  grains. 
It  is  rapidly  absorbed  by  water,  furnish- 
ing a  Hour,  colorless,  and  dense  liquid, 
which  soon  becomes  brown  by  exposure 
to  air,  in  consequence  of  the  evolution 
of  a  little  free  iodine.  It  is  instantly  de- 
composed by  chlorine,  which  abstracts 
the  nydrogen  to  form  n;^drochIoric  (mu- 
riatic) acid,  and  sets  the  iodine  free. 

HYDROBROMIC  ACID.  A  gaseous 
acid  composed  of  78  bromine  +  1  hydro- 
gen. It  IS  obtained  by  the  mutual  de- 
composition of  bromide  of  phosphor ua 
and  water. 

HYDROCARBON.  A  term  applied 
by  chemists  to  compounds  of  hydrogen 
and  carbon.  These  elements  unite  in 
several  proportions,  and  form  a  varietv 
of  curious  aetinite  combinations,  which 
are  commonly  called  hydrooarbureU. 

IIYDROCARBUREl'S.  Compounds 
of  hydrogen  and  carbon.  These  appear 
to  be  several  definite  combinations  of 
these  elements  ;  among  them  the  follow- 
ing deserve  especial  notice  :  1.  Light  car- 
bureted hydrogen  ga^^  which  is  the  Jire- 
damp  of  coal  mines  and  of  marshes  :  100 
cubic  inches  weigh  about  17*4  grains.  It 
consists  of  two  otoms  of  hydrogen  =  2, 
and  1  of  carbon  =  6 ;  its  equivalent  is  8.  It 
burns  with  a  pole  blue  flame.  2.  Ohtiant 
gas,  which  is  fonned  during  the  distilla- 
tion of  eq^iial  measures  of  alcohol  and  sul- 
phuric acid:  100  cubic  inches  wtij^h  30*5 
grains.  It  is  composed  of  2  atoms  of 
hydrogen  =  2,  and  2  of  carbon  =  12 ;  and 
its  equivalent,  therefore,  is  14.  It  burns 
with  a  bright  white  flome.  Coal  gas  con- 
sists of  a  mixture  of  these  two  hydrocar- 
bons. The  term  oUfiant  gas  is  derived 
from  tlie  action  of  chlorine  upon  it, 
which,  when  mixed  with  the  irtw  over 
water,  irru<lually  condenses  it  into  u  liquid 
lookinjr  like  oil,  which  is  a  hytfnnhlonidt 
I  of  varit'iu.  3.  Qundru'tirhuntttd  hydro- 
gtn,  which  is  ]irodnccd  during  the  de- 
structive distillation  of  oil  (Faraday,  An- 
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nals  of  PkiloBoph^f  xxvii,,  44),  and  which 
is  a  vapor  conaenHable  at  0°,  of  which  100 
cubic  inches  weigh  61*2  grains.  It  con- 
sists of  4  atoms  of  hydrogen  =  4,  and  4 
of  carbon  =  24  ;  and  its  equivalent  is  28. 
It  burns  with  a  dense  and  very  smoky 
flame.  This  compound  has  also  been 
called  eth^rlne^  1  volume  of  the  vapor  of 
of  elk&r  being  constituted  of  1  volume  of 
quadrihydrocarbon  and  1  of  water  vapor. 
4.  Bicarburet  of  hydrogen,  obtained,  like 
the  lust,  from  the  volatile  products  formed 
during  the  destructive  distillation  of 
whale  oil.  When  the  quadrihydrocarbon 
has  been  distilled  otf  from  the  more  vola- 
tile portion,  that  which  remains  yields  a 
product  whicli  congeals  at  0°.  It  is  a 
Drittlo  white  solid  at  that  temperature  : 
100  cubic  inches  of  its  vapor  weigh  85-8 
grains,  and  it  consists  of  8  atoms  of  hy- 
dro|Eren  =  3,  and  6  of  carbon  =  36  ;  its 
equivalent,  therefore,  is  39.  These  are 
the  principal  forms  of  hydrocarbon  which 
have  been  satisfactoriiv  identified :  they 
all  afford  carbonic  acid  and  water  when 
burned  in  a  sulliciency  of  oxygen  ;  and 
the  proportions  in  which  these  arc  formed, 
together  with  the  specific  gravities  of 
their  ref»pective  vapors,  furnish  the  data 
upon  which  their  composition  is  estima- 
ted.    See.  Naftha  and  N aptiialin. 

HYDROMETEK.  An  instrument  for  de- 
termining the  specific  gravities  of  liquids, 
and  thence  the  streriirths  of  spirituous 
liquors  ;  tliesc  bciiiL'  inversely  as  their 
specific  gravities.  \  nrious  iii.struineiits 
of  dirt'erent  forms  have  been  pro]»o}ied 
for  asfertaiiiiiig  readily  the  sjKMific  ;r'':ivi- 
ties  of  fluids  ;  hut  as  Sikes's  liulrc>incter 
is  direeted  by  aet  of  pnrlia- 
ment  to  be  used  in  eolkct- 
iii*:    the     revenue     of    (4reat 

©Britain,   it   nuiy  be  eonsiiU;r- 
^    ed  ns  triore  deservintr  of  de- 


serii.lioii  than  any  ot'the  f)l}i- 
ers.  This  instrument  is  rej)- 
resented  in  the  annexed  Hlt- 
ure.  A  H  is  a  fiat  sti-in,  divi- 
cUd  on  both  sides  into  cU-ven 
e.jiuil  parts,  eafh  of  uhidi  is 
airain  sulxlivided  into  two. 
The  stem  carries  a  hollow 
bras.^  bail  H(\  in  whieh  is 
fixed  a  eonieal  stalk  C  D,  ter- 
minatinif  in  a  ]>ear-sha|)ed 
bulb  I).  Eii.rht  dilhreiit 
''■"''  weJLrhts    of    a    »-ireular    form, 

and  marke<l  with  the  imnuhrrs  lo,  L'o,  30. 
4'\  ."io,  ^;o,  70.  and  sO,  are  eut  in  the  Jiiaii- 
lier  represented  at  \V,  so  that  they  can  Vie 
pla.-,-.!  on  the  stalk  ('  1>.  Wlien  the 
wtivii;^rlli  of  spirits  is  to  he  measuu.1,  «  nc 


of  the  circular  weights  is  placed  on  C  D, 
which  is  found  by  triid  to  be  capable  01 
sinking  the  ball  so  far  tliat  the  surface 
of  the  liquid  cuts  the  stem  at  one  of  the 
divisions  Dotween  A  and  B.  The  num- 
ber of  this  division  is  then  observed,  and 
also  the  temperature  of  the  liquid  ;  and 
the  corresponding  strenj^th  per  cent,  of 
the  spirits  is  then  found  m  a  table  wliich 
accompanies  the  instrument. 

Another  easy  method  of  determining 
the  destinies  of  different  liquids,  fre- 
quently practised,  is  by  means  of  a  set  of 
glass  i>eads  previously  adjusted  and 
numbered.  Thrown  into  any  liquid,  the 
heavier  balls  sink  and  the  lighter  float  at 
the  surface  ;  but  one  of  them  approach- 
ing the  density  of  the  liquid  win  be  in  a 
state  of  indifterence  as  to  buoyancy,  or 
will  float  under  the  surface.  The  number 
on  this  ball  indicates,  in  thousandth  parts, 
the  specific  densitv  of  the  liquid. 

HY*DR0STAT1C    PKE8S,   also  called 
the  Hydraulic  Prexfi^  and  sometimes  from 
the  name  of  the  engineer  who  gave  it  the 
form  under  which  it  is  now  constructed, 
and  brouglit  it  into  general  use,  BrarnatCi 
FrcHs^  is  a  machine  by  means  of  which 
an  enormous  force  of  pressure  is  obtained 
throu^Hi    the    medium    of   water.     The 
principle  is  the  same  as  that  of  the  hy- 
drotfalic  htWrn's  /  from  whieh,  indeed,  it 
onlv   differs   bv    the   substitution    of   a 
strong  forcing  pump  for  the  long  tube, 
and   a   barrel   and    ^ 
piston      for       the    \ 
leather  and  boards. 
It    consists     of    a 
short     and      very 
strong   pump-bar- 
rel   A   B,    with    a 
solid  piston  C  (»f  j)rop()rtionatc  strenirtli, 
which    is    pushed    upwards   against    the 
thing  to  be  eotnpressed,  by  water  driven 
into  the   barrel  beneath  it  at  F  from  the 
small  forcing  juiinp  E.    If  the  small  pump 
have   only  one  tliousandth  of  the  area  of 
the  lartre  barrel,  and  if  a  man,  by  means 
of  it.s   lever   handle   I),   press  its  j»isioii 
<lown  with  a  force  of  five  liundred  pounds, 
the  pist<m  of  the  great  barrel,  in  virtue 
of  the  liydrostatie  principle  of  equal  pres- 
sure in  all  direetifuis,  will  riso  with  a  fon-e 
of  a  thousand  times  five  hundred  poun«l-«, 
or  more  than  "Joo  tons.     The  hydrostatic 
press  is  ajijilied  toai'reat  variety  of  u««rlMl 
puqioses  ;  t'oreoni}»rLS'<inLr  bales  of  troods, 
as  paper,  ectton,  woo],  t<»baeeo,  cVre.,  lor 
c\i'i"<>-inL'      oils      from      seeds,     raising 
wciL'iits.  uj-rix'tiiiLT  trees,  «V:e. 

llVirKo.MKTKK.   or   Di.w-Mi  asi  km:. 
i>  an  instrument    for  measuring  the  de- 
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gnes  of  moisture  or  dryneas  of  the  at- 
mosphere. 

Variations  in  the  state  of  the  atmos- 
phere with  respect  to  moisture  and  dry- 
ness are  manifested  by  a  great  variety  of 
phenomena ;  and,  accordingly,  numerous 
contrivances  have  been  proposed  for  as- 
oertaininir  the  amounts  ot  those  variations 
by  referring  them  to  some  conventional 
scale.  All  such  contrivances  are  called 
hygrometers  ;  but  though  the  variety  of 
form  that  may  be  given  to  them^  or  of 
substances  that  may  be  employed,  is  end- 
less, they  mav  all  be  reterred  to  two 
classes  ;  namely,  1st,  those  which  act  on 
the  principle  ol  adsorption  ;  and,  2d,  those 
which  act  on  the  principle  of  condensation. 

1.  Hygrometers  on  the  PrincipU  of  Ab- 
sorption.— Many  substances  in  each  of  the 
three  kingdoms  of  nature  absorb  moist- 
ure from  the  atmosphere  with  greater  or 
less  avidity,  and  thereby  suner  some 
change  in  tneir  dimensions,  or  weight, 
or  some  of  their  physical  properties.  An- 
imal fibre  is  souened  and  relaxed,  and 
consequently  elongated,  by  the  absorp- 
tion of  moisture.  Cords  composed  of 
twisted  vegetable  substances  are  swollen, 
and  thereby  shortened,  when  penct  rated 
b^'  humidity :  and  the  alternate  expan- 
sion and  shrinking  of  most  kinds  of  wood, 
especially  when  used  in  cabinet-work, 
and  after  the  natural  sap  has  been  evapo- 
rated, is  a  phenomenon  with  which  every 
one  is  familiar.  Many  mineral  substan- 
ces absorb  moisture  rapidly,  and  tliereby 
obtain  on  increase  of  veight.  Now  it  is 
evident  that  any  of  these  changes,  either 
of  dimension  or  of  weight,  may  be  re- 
garded as  the  measure  of  the  quantity  of 
moisture  absorbed,  from  which  the  quan- 
tity of  water  existing  in  the  atmosphere 
in  the  state  of  vapor  is  inferred ;  but 
many,  indeed  the  far  greater  part  of  them, 
are  so  small  in  amount,  or  take  place  so 
slowly,  that  they  attbrd  no  certain  indica- 
tion of  the  actual  state  of  the  atmosphere 
at  any  particular  moment. 

Of  the  difterent  kinds  of  hygrometers 
whose  construction  depends  on  change 
of  dimensions,  arising  foom  the  absorp- 
tion of  moisture,  Uiere  ore  two  deserving 
of  notice  on  account  of  their  historical 
celebrity,  though  they  are  now  seldom, 
if  at  all,  used  where  accurate  niete<)r()l<.>- 
gical  ob«»ervations  are  attempted.  One  is 
the  hair  hygrouieter  of  Saur<sure  ;  tlie 
other  the  irhaltlxme  hygrometer  of  DeLuc. 

ISaus!»ure'H  hygrometer  consists  of  a 
human  hair  prepared  by  boiling  it  in  a 
cauKtic  ley.  Oneextrenntvof  the  hair  is 
fiisteued  to  a  hook,  or  held  by  pincers  ; 


the  other  has  a  small  weight  attached  to 
it,  by  which  it  is  kept  stretched.  The 
hair  is  passed  over  a  grooved  wheel  or 
pulley,  the  axis  of  which  carries  an  index 
which  moves  over  a  graduated  arch. 
Such  is  the  essential  part  of  the  instru- 
ment, and  it  is  easy  to  conceive  how  it 
acts.  When  the  surrounding  air  becomes 
more  humid^  the  hair  absorbs  an  addi- 
tional quantity  of  moisture,  and  is  elon- 
gated ;  the  counterpoise  consequently  de- 
scends, and  turns  the  pullev,  whereby 
the  index  is  moved  towards  tne  one  hand 
or  the  other.  On  the  contrary,  when  the 
air  becomes  drier,  the  hair  loses  a  part 
of  its  humidity,  and  is  shortened.  The 
counterpoise  is  conse<juently  drawn  up, 
and  the  index  moves  in  the  opposite  di- 
rection. The  accuracy  of  the  indications 
of  this  instrument  depends  on  the  as- 
sumed principle  that  tne  expansion  and 
contraction  of  the  hair  are  due  to  moisture 
alone,  and  are  not  affected  by  tempera- 
ture or  other  changes  in  the  condition  of 
the  atmosphere.  Experiment  shows  that 
the  influence  of  temperature  is  not  very 
great ;  but^  after  all  precautions  have 
been  taken  m  preparing  the  instrument, 
it  is  found  to  be  exceecnngly  irregular  in 
its  movements,  and  subject  to  great  un- 
certainties. Besides,  the  substance  is 
soon  deteriorated,  and  will  scarcely  main- 
tain its  properties  unimpaired  during  a 
single  year. 

The  hygrometer  of  De  Luc  consists  of 
a  very  tliin  slip  of  whalebone  cut  trans- 
versely or  across  the  fibres,  and  stretched 
by  means  of  a  spring  between  two  points. 
One  end  is  fixed  to  a  bar,  while  the  other 
acts  on  the  shorter  arm  of  the  index  of  a 
graduated  scale.  When  tlie  whalebone 
absorbs  moisture  it  swells,  and  its  length 
is  increased  ;  as  it  becomes  dry  it  con- 
tracts; and  the  space  over  which  the  in- 
dex moves  by  tne  one  or  the  other  of 
these  effects  gives  the  measure  of  the  ex- 
pansion or  contraction,  and  the  corre- 
sponding change  in  the  hygometric  state 
of  the  atmosphere.  The  action  of  this 
hygrometer  appears  to  be  more  uncertain 
tlian  that  of  Saussure. 

The  h ygrotneters  which  have  been  pro- 
posed on  the  principle  of  a  change  of 
wciirht  arising  from  the  ttV)Sorption  of 
moisture,  are  liable  to  still  greater  ob- 
jections. Chanircs  of  weijj lit  may  indeed 
be  measured  with  greater  accuracy  by  the 
common  or  torsion  balance :  but  in  the 
present  case  they  are  so  snuiU,  that  the 
particles  of  dust  which  arc  at  all  times 
floatinjr  in  the  atmosplierc  nuiy  produce 
a  great  alteration  in  the  results.     A  great 
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variety  of  snbstanoes  which  attract  moist- 
ure have  been  employed,  snch  as  sponge, 
cotton,  bibulous  paper,  caustic  potash, 
the  deliquescent  salts,  sulphuric  acid, 
&o.:  but  the  indications  which  they  give 
are  deserving  of  verjr  little  credit.  Chan- 
ges of  property  indicated  by  the  torsion 
of  cords  formed  of  gut,  hemp,  cotton, 
&o.y  and  the  torsion  of  certain  vegetable 
fibres,  are  still  more  fallacious. 

2.  Jlygrom^ttrB  on  the  Principle  of  (hfir- 
densaiiim. — ^The  instruments  of  this  class 
are  of  a  far  more  refined  nature  than 
those  which  we  have  been  describing. 
In  order  to  give  an  idea  of  the  general 
principle  on  which  they  depend,  let  us 
conceive  a  glass  jar,  having  its  sides  per- 
fectly clean  and  trnnsparcnt,  to  he  filled 
with  water,  and  placed  on  a  table  in  a 
room  where  the  temperature  is,  for  exam- 
ple, 60°,  the  temperature  of  the  water 
oeing  the  same  as  that  of  the  room.  Let 
us  next  suppose  pieces  of  ice,  or  a  freez- 
ing mixture,  to  be  thrown  into  the  water, 
whereby  the  water  is  gradually  eoolod 
down  to  55,  50,  45,  Ac,  degrees.'  As  the 
process  of  cooling  (roes  on,  there  is  a  cer- 
tain instant  at  which  the  jar  lottes  its 
transparency,  or  becomes  dim ;  and,  on 
attentively  examining  the  phenomenon, 
it  is  found  to  be  caused  by  a  very  tine 
dew  or  deposition  of  aqueous  vapor  on 
the  external  surface  of  the  vessel.  The 
precise  temperature  of  tlie  water,  and, 
conseqnentlv,  of  the  vessel,  at  the  instant 
when  this  deposition  becrins  to  be  form- 
ed, is  callerl  the  (frir  jtoij/t^  an<l  is  cnpiiMe 
of  beinir  noted  with  L'real  precision.  Now 
this  temperature  is  evidently  that  to 
which,  if  the  air  were  cooU-d  down,  under 
the  same  pressure,  it  would  be  complete- 
Iv  saturated  with  mointtire,  and  roiidy  to 
deposit  dew  on  anv  body  in  tlie  least  {]o- 
f^TQC  colder  tlum  itself.'  Tlie  ditVerenee, 
therefore,  between  the  tempemture  ot  the 
air,  and  the  temj>oniture  of  the  water  in 
the  vesnel  when  the  dew  beirins  to  be 
formed,  will  allord  an  indication  of  the 
drj'ness  of  the  air,  or  of  its  remoteness 
from  the  state  of  complete  saturation. 

But  the  oViservation  which  has  now 
been  described  is  capable  of  alVordintr  far 
more  interesting'  aiHl  jtrccise  results  tlian 
u  mere  indication  of  the  comjxirative  dry- 
ness or  moisttire  of  the  atmos])licre. 
With  the  help  of  tables  of  the  cla-tic 
force  of  a(]ue(»us  vapor  at  ditlV'rent  tem- 
peratures, it  irivt's  the  means  of  dcter- 
niininjr  tlie  al>s-«liite  wri<_'lit  of  the  afjur- 
ons  Vapor  ditliisc<l  tluMUL'li  any  iri\cn 
voliitne  of  nir,  the  j>ro|.ortion  of  vapor 
existing;  in  that   volume  to  the  (quantity 


that  wonld  be  required  to  aatnnite  it,  and 
of  measuring  the  force  and  amount  of 
evaporation. 

Tne  elastic  foroe  of  aqueous  yapor  at 
the  boiling  point  of  water  is  eviaently 
eoual  to  the  pressure  of  the  atmosphere. 
Tnis  may  be  assumed  as  corresponding 
to  a  column  of  mercury  80  inches  in 
height.  Mr.  Dalton,  in  the  fifth  volume 
of  tne  Manchester  MemoirSy  has  given  the 
details  of  a  most  valuable  and  oeautifbl 
set  of  experiments,  by  which  he  ascer- 
tained tne  elastic  foroe  of  vapor  fVom 
water  at  every  degree  between  its  freez- 
infiT  and  boiling  points  in  terms  of  the 
column  of  mercury  which  it  is  capable  of 
supporting.  As  the  same  experiments 
have  since  been  frequently  repeated,  and 
the  different  results  present  all  the  ac- 
cordance which  can  oe  expected  in  so 
delicate  an  investigation,  the  tension  of 
vapor  at  the  different  temperatures  may 
be  regarded  as  sufficiently  well  determin- 
ed. Suj)posing,  then,  we  have  a  table 
exhiluting  the  elasticity  or  tension  corre- 
sponding to  every  degree  of  the  thenno- 
meter,  the  weight  of  a  piven  volume  of 
vnpor,  for  example  a  cubic  foot,  may  be 
determined  as  follows: 

Steam  at  212°,  and  under  a  pressure  of 
80  inches  of  mercurv,  is  1700  limes  light- 
er than  an  equal  bulk  of  water  at  its 
greatest  deiisitv,  or  a  temperature  of 
about  40°,  and  a  cubic  foot  of  water  at 
that  temperature  weighs  487272  grains; 
the  weight,  therefore,  of  a  cubic  foot  of 
steam  at  that  temperature  and  pressure 
is  4H7'272-r-17O0=2r)7-218  grains.  Hence 
we  may  find  the  weijrht  of  an  equal  bulk 
of  vapor  of  the  same  temperature  under 
any  otlier  given  pressure,  suppose  0'56 
of  an  inch  ;  tor  the  density  being  directly 
as  the  }>res8ure,  we  have  30  in. :  0'.^r>  in. 
:  :  2.''7'218  trrs. :  4-yoi  grs.,  which  is  the 
weiirht  rcciuircd. 

llaviuL'  tound  the  weight  of  a  cubic  foot 
of  vapor  under  a  pressure  of  O-TiG  of  an 
incli.   and    at    the  temperature  212"^,  we 
may  tind  its  wei^dit  under  the  same  pres- 
sure at    any  other  temperature,  supp<^'se 
>5o^.     It  is  ascertained  by  experiment  that 
all   aeriform   bodies,  whether  vaj»ors   or 
trases,  exj^and  the   l-48oth  part  of  their 
volume  for  evcrA'  accession  of  tempera- 
ture er|uivalent  to  one  dejjree  of  Fahren- 
lieit's  ><-ale  ;  tlRrefore,   reckoning  a  vol- 
Mine    of  tras    at    ;VJ^    lus    unity,    its    vol- 
ume  at   ijo  ■   is   to  its  volume'  at  212'^  as 

1  4-  ^Yf,  "*  ^"  ^  "*"  ]  e,\' ;  <^*^*'^  ^'^'-'^ '  l"'"^"'^' 
and  tlie  <ifnsity  and  weiu'lit  Wing  in- 
vt-rscly  as  tlu-  volume,  we  have 

l-o.SK  :  1:^75  : ;  4-801  grs.  *  8*222  grs. 
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Ibr  the  vdglit  of  ft  cabio  foot  of  vapor 
St  temperature  60°,  and  under  a  pres- 
Bure  or  0*56  of  an  inch  of  the  mercurial 
oo(umn. 

The  following  table,  abridged  from 
DanuiiPB  Mei€orwogneal  Esaays^  shows  the 
force  of  tension,  weight,  and  expansion 
of  aqueous  vapor,  at  different  tempera- 
tures, on  Fahrenheit's  scale. 


Temp. 

rora6« 

Weightofaeabie 

EzpUUMD. 

0 

■068 

•856 

-9884 

5 

■088 

1-084 

•9488 

10 

■098 

1-208 

•9542 

15 

•119 

1-451 

-9646 

20 

•140 

1-688 

•9750 

25 

•170 

2-028 

•9855 

SO 

-200 

2-861 

-9959 

85 

■240 

2.805 

1-0063 

40 

•280 

8-289 

1-0167 

45 

■840 

8-898 

10271 

60 

•400 

4-585 

1-0875 

65 

476 

5-842 

1-0479 

60 

•560 

6-222 

1-0588 

65 

•657 

7-280 

1-0687 

70 

•770 

8-892 

1-0791 

75 

•906 

9-7S0 

1-(IS95 

80 

1-060 

11-883 

1-0999 

85 

1-285 

18081 

1-1008 

90 

1-480 

15-005 

11107 

95 

1-686 

17009 

11211 

812 

80-000 

257-218 

20-6005 

Having  thus  explained  the  principle  of 
the  common  hygrometer,  we  will  now  de- 
scribe one  or  two  of  the  forms  under 
which  it  has  been  most  frequently  con- 
structed. Daniell'ft  hyfirroineter  consists 
of  two  thin  glass  balls  6t  14  inch  diameter, 
connected  to(i(ether  bv  a  tube  having  abore 
about  ithof  an  inch.  The  tube  Is  bent 
at  right  angles  over  the  two  balls,  and 
the  arm  contains  a  small  thermometer 
whose  bulb,  which  should  be  of  a  length- 
ened form,  descends  into  the  boll.  This 
ball,  having  been  about  two  thirds  filled 
with  ether,  is  heated  over  a  lamp  till  the 
fluid  boils,  and  the  vapor  issues  from  the 
capillary  tube  which  terminates  the  boll. 
The  vapor  having  expelled  the  air  from 
both  bfuls,  the  capillary  tube  is  hermeti- 
cally dosed  by  the  fiame  of  a  lamp.  The 
other  bell  is  to  be  covered  with  a  piece  of 
muslin.  The  stand  is  of  brass,  and  the 
transverse  socket  is  mndo  to  hold  the 

f;l»Ms  tube  in  the  manner  of  a  spring,  al- 
owing  it  to  turn  and  be  taken  out  with 
little  difficulty.  A  small  thermometer  is 
inserted  into  the  pillar  of  the  stand.  The 
manner  of  using  the  instnmient  is  this  : 
after  having  driven  out  idl  the  ether  into 
the  ball  by  the  heat  of  the  hand,  it  is  to 


be  placed  at  an  open  window,  or  out  of 
doors,  with  the  ball  so  situated  that  the 
surface  of  the  liquid  may  be  on  a  level 
with  the  eye  of  the  observer.  A  little 
ether  is  then  to  be  dropped  on  the  cov- 
ered ball.  Evaporation  immediately  takes 
place,  which  producing  cold  upon  the 
covered  ball  causes  a  rapid  oontinuoua 
condensation  of  the  ethereal  vapor  in 
the  interior  of  the  instrument.  The  con- 
sequent evaporation  fi'om  the  induded 
ether  produces  a  depression  of  tempera- 
ture  in  the  ball,  the  degree  of  which  is 
measured  by  the  thermometer.  This  ac- 
tion is  almost  instantaneous,  and  the 
thermometer  begins  to  fall  in  two  seconda 
after  the  ether  has  been  dropped.    A  de- 

Sression  of  30  to  40  degrees  is  easily  pro- 
uccd,  and  the  ether  is  sometimes  ob- 
served to  boil  and  the  thermometer  to  be 
driven  below  zero  of  Fahrenheit's  scale. 
The  nrtifidttl  cold  thus  produced  causes  a 
condensation  of  the  atmospheric  vapor  up- 
on the  uncovered  ball,  which  first  makes, 
its  appearance  in  a  thin  ring  of  dew  co- 
incident with  the  surface  of  the  ether. 
The  degree  at  which  this  takes  place 
must  be  carefully  noted.  In  very  damp 
or  windy  weather  the  ether  should  be 
very  slowly  dropped  upon  the  ball,  oth- 
erwise the  descent  of  the'thermometer 
will  be  so  rapid  as  to  render  it  extremely 
difficult  to  be  certain  of  the  degree.  In 
dry  weather,  on  the  contrary,  the  ball  re- 
quires to  be  well  wetted  more  than  once, 
to  produce  the  requisite  dcifree  of  cold. 
The  instrument  which  has  now  been 
described  is  extremely  beautiful  in  prin- 
ciple ;  but  it  may  be  doubted  whether, 
even  when  the  greatest  caution  is  ob- 
served, the  temperature  which  it  indi- 
cates is  precisely  that  at  which  the  depo- 
sition ol  dew  takes  place.  The  deposi- 
tion first  occurs  in  a  narrow  ring  on  a 
level  with  the  surface  of  the  ether  in  the 
ball  h^  thereby  indicating  that  the  ether 
is  colder  at  the  surface  than  a  little  under 
it.  But  if  the  temperature  is  not  uniform 
throughout  the  ball,  it  is  evident  that 
only  a  small  part  of  the  bulb  of  the  ther- 
mometer can  be  placed  in  the  point  where 
the  greatest  cold  exists  ;  consequently 
the  temperature  indicated  by  the  ther- 
mometer will  be  greater  than  is  necessary 
for  producing  the  deposition  of  moit»ture  : 
in  other  words  the  dew  point  will  be  given 
too  hi^h. 

Various  attempts  have  been  made  to 
obviate  the  defects  of  Dunieir.**  hyifrome- 
ter,  but  hitherto  without  much  success. 
The  apparatus  })ropo8ed  by  Touillet  may 
be  described  aa  lollows  :  A  small  cup  C 
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C,  formed  of  srold,  and  extremely  thin,  is 
fixed  to  a  little  collar  of  ivory  fi  B,  sup- 
ported on  a  Rtand.  The  stem  of  an  in- 
verted thennomcter  T  T  de- 
scends through  a  perforation  in 
the  bottom  of  the  cup,  and  is 
fitted  closely  into  it  and  scaled, 
the  ball  of  the  thermometer 
being  placed  at  the  centre  of 
the  cup.  In  order  to  prevent 
the  mercury  from  separating, 
a  small  portion  of  tne  air  is 
left  in  the  stem.  When  an  ob- 
servation is  to  bo  made,  sul- 
phuric ether  is  poured  into  the 
cup  ;  and  in  consequence  of 
the  rapid  evaporation  which 
takes  place,  a  considerable  de- 
gree of  cold  is  produced,  and 
deposition  takes  place  on  the 
ontside  of  the  cup.  The  degree  of  the 
thermometer  at  tne  instant  the  bright- 
ness of  the  metal  begins  to  be  diniined 
gives  the  dew  point.  The  correct  iioss  of 
the  indication  depends  on  the  identity  of 
temperature  of  the  ether,  the  nicuJ  of 
tl'^  cup,  and  the  thermometer.  BriLrht 
goid  Ls  found  to  answer  the  purpose  bet- 
ter than  any  other  metal. 

As  the  hygrometer  is  one  of  the  prin- 
cipal instrunltents  in  meteorologicnl  re- 
searches, its  theory  and  the  best  form  of 
its  construction  have  been  the  subject  of 
frequent  discussion  in  the  various  scien- 
tific journals. 

Hi'GRuMETRTC.  This  term  is  com- 
monly applied  to  substances  which  re:i<  li- 
ly become  moist  and  dry  with  ('<)nes|>on- 
ciing  changes  in  the  state  of  the  atiuos- 
phere,  or  which  rea<lily  nbsorl)atitl  rrlain 
moisture.  Sea-we*"l,  several  saline  sub- 
stances, porous  clays,  jmUish  and  its  car- 
bonate, chloride  of  ealcinni,  suljihnrie 
acid,  are  in  this  sense  of  the  term  said 
to  be  hvirroinetric. 

HVGKOMETKIC  KEGISTER.  Atone 
of  Lonl  Kosse's  recent  Hcientitic  soiivcs, 
in  Lon«lon,  Mr.  AppoM  exhibited  his  cu- 
rious Keunstcr  Ilvirrometcr  for  kecpimj 
the  atincsj^herc  of  the  )iou>c  at  cmc  re^^ni- 
lar  moisture.  Tlie  iiL-^lrutnent  with  a  va- 
riation at  one  degree  in  the  moisture  of 
the  atmos{)here  opens  a  valve  ca[>al)Ie  of 
supplying  ten  quarts  of  water  per  hour; 
delivering  it  to  j)ij)cs  eoven-cl  with  hlot- 
tiniT  paper  heated  by  a  gas  stove,  l»v 
whleh  the  water  is  evaporatc<l  until  the 
atniospherc  is  sulMeieiiily  saturated  jm.l 
tlie  valve  thcrclty  elosinl.  A  lead  j-ciieil 
is  attached  to  n'lristcr  the  distaiiee  the 
hvirroineter  travels  ;  and  thus  a  siieel  of 
pa]>er  moved  by  clock-work  shows  the 


diflference  between  the  wet  and  dry  bnlba 
of  the  thermometer  at  any  period  of  time. 

HYPOSULPHITE  Ot  SODA.  This 
salt,  so  extensively  used  in  the  practice 
of  Da^€rrotj/f>ing,  may  be  easDy  pre- 
pared in  c[uantities  by  the  following  pro- 
cess : — Mix  one  poun^  of  finely  pulverized 
ignited  carbonate  of  soda  with  ten  ounces 
of  flowers  of  sulphur,  and  heat  the  mix- 
ture slowly  in  a  porcelain  dish  till  the 
sulphur  melts.  Stir  the  fused  mass,  so 
as  to  expose  all  its  parts  freely  to  the 
atmosphere,  whereby  it  passes  from  the 
stat«  of  a  sulphuret,  by  the  absorption  of 
atmospherical  oxygen,  into  that  of  a  sul- 
phite, with  the  phenomenon  of  very 
slight  incandescence.  Dissolve  in  water, 
filter  the  solution,  and  boil  it  im mediate- 
ly along  with  flowers  of  sulphur.  The 
Altered  concentrated  saline  liquid  will 
atford,  on  cooling,  a  large  quantity  of 
pure  and  beautiful  crj'stms  of  hyposul- 
phite of  soda. 

IMPERMEABLE,  is  the  epithet  given 
to  any  kind  of  textile  fabric,  rendered 
water-proof  by  one  or  other  of  the  follow- 
ing suostanees : — 

1.  Linseed  oil  to  which  a  dr>-ing  quali- 
ty htus  been  communicated  l»y  boiling 
with  litluirge  or  sugar  of  lead,  &c. 

2.  The  same  oil  holding  in  solution  a 
little  caoutchouc. 

;i.  A  varnish  made  by  dissolving  caout- 
chouc in  rectified  petroleum  or  naptha, 
applied  between  two  surfaces  of  clotn,  as 
described  under  Mackintosh's  patenl, 
See  Caoutcuouc. 

4.  Veiretable  or  mineral  pitch,  applied 
hot  with  a  brush,  as  in  making  tarpawl- 
ing  for  coverinij:  goods  in  ships. 

5.  A  solution  of  soap  worked  into 
cloth,  and  decomposed  in  it  by  the  action 
of  a  soluti<»n  of  alum;  whence  results  a 
mixture  of  acid  fats  and  alumina,  which 
insinuates  itself  among  all  the  woolly  fila- 
ments, tills  their  interstices,  and  pre'ventiJ 
the  pa»aire  of  water. 

0.  A  solution  of  irlue  or  isingla.ss,  in- 
troduced into  a  stutl",  and  then  acted 
upon  by  a  solution  of  galls  or  tannin 
wlicn  an  insoluble  leather  is  deposited  in 
the  stulf. 

INCOMBUSTIBLE  CLOTH  is  a  tissue 
of  the  tibrous  mineral  called  amianthus 
or  a>l)estos.  This  is  too  rare  to  form  the 
ohiect  of  anv  eoii-*itlerable  mantifacture. 
<'oltoii  an.l  linen  cloth  may  be  best  reii- 
(lereij  ine;ipahle  of  t akin LT  tiVc,  or  burning 
with  tlaine,  by  being  imbued  with  a  solu- 
tion   ot'  sal  umin<»niac  or   phosphate   ot 
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EgyptiaiiB  luTe  troia  tim 
been  nccuatomed  to  hatch  eggt  hy  urtifl- 
dul  wuruilb,  without  the  aid  of  liens,  m 
peculiar  stoves,  cslled  MtiTOfMilt.      The 
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Invel  tbroo^h  the  moat 
rintM  of  Egypt  BC  certi^n  s 
year,  with  a  portable  fumai 

aile,  or  UDdertake  to  hatch 


et'diiKa.     M-  •!«  Keai 


ur  published  io 


aatsd  the  pruotSH 
tbo  conunerci 
irrr  be  comr 
of  Soicocee  nu  iiiti-riaTitig 
had  noticed,  upon  tliti  ii 
ployed  hy  ehickrt  to  hri.-: 

tB?olotioBhe  riirni^l]i;.l  tl 


■upnly  it, 
U  tllHt  dl 


iistnicted 
I  siinilsr  cnre.  Tliere  con 
ever  of  the  pmcticHhilit 
iicsioftbeBiheme,  whe. __ 
seed.  Some  iinilulions  of  li 
t  beeo  loade  in  Kngland,  but 
'lai-c  Bucceeded,  i 


■r  coiidurleil 
be  no  doubt 
r  uikI  pruDt' 


point 

Hi*  Bpparatna  derivei 
from  the  fiu:t  t)mt  it 


determine. 

f"Ct 


e  principle  of  the  drcuktion 
water,  by  the  inte»lino  mrilioiw 
panicLei',  in  a  returniriK  serica 
nei.'ted  pit>e>i;  a  aubjevt  uDcrwun 
trateil  in  tlie  experinionlnl  icKvai 
Count  Kumford.  Itiiasorhic  yci 
introduced  as  a  nvetll^,  uid  up. 
•  warm  Ilie  Bpnrtuient«  of  many  public 
and  privolo  buildiiign.  Tliey  were  then 
publicly  exhibited  iit  hiH  rocideiKM:  in 
Farin,  and  were  allcrwurds  cotnTuiinioilcd 
to  tlie  world  at  larice  in  tbc  inturi-niing 
wlide  of  tlie  JJuiiormaire  Ttriioliyi'iui:, 
eDiillod  liKuhatioit  ArtljieHlk. 

The  apparatus  of  M.  BDiineniain  con- 
■iited,  1.  of  *  bailer  and  iii|ieit  fur  tlie 
dreulaliun  of  water ;  S.  of  u  rcKululor 
oilciilutod  to  iiiainluliiani 


the  ehiekena  dnriog  a  tvw  days  aner  io- 

Tlie  boiler  is  n!].reaented  in  vertical 
aectioD.  It  ia  composed  of  adouble  cyl- 
inder of  copper  or  coBt-iran,  1 1,  havinjia 
grato,  b  (ece  plan),  on  ashpit  at  d.  Tkt 
-■ator  occupiea 


Uurei    S.  D 


.iitly  to  tl 


■c-a|iurti 


in  [he  central  flue  h.  During  t 
waniii  nnd  downwarda  drculiitioii,  ■> 
slinun  by  llie  nrrowa  in  the  section,  the 
products  of  cornbuation  are  made  to  im- 
purt  nearly  the  whole  of  tlicir  bent  to  the 
W'utcr  by  which  they  are  surronndcd.  At 
the  cnuimeiiceniem,  sonui  bnmiiiK  paper 
or  wood  shuviiiita  arc  iiuiencd  at  Uie  orl- 
flce  fit,  to  csIaliliKh  a  ilraivht  in  tliia  cir- 
cuitous chiiniii^y.  Tlio  air  ia  oduiilted 
iulu  the  o»lipiC  nt  the  side,  in  regulated 
quaiitilicH,  tlimu^ch  a  small  square  door, 
moveable  round  ■  rod  which  runs  liori- 
wiiitully  along  its  middle  line,  Thcswing 
valve  i»  acted  ai«>n  by  an  cxpaniliiip  bar, 
which  opciu>  it  mure  or  lens,  according  to 
the  tciiii<eratun)  uf  the  otovc  apannient 
in  whicli  the  c^rs  are  placed. 

u  in  the  iip[H.-r  orihce  of  the  boiler,  b; 
whichthchollcrniid  consequently  lighter 
particles  of  the  water  contiiiunlly  ascend, 
and  lira  replaivd  by  the  coulcd  |iiirliclos, 
wbii-'h  enter  tbc  boiler  niair  Us  b»tlDm. 

When  it  is  wished  to  hatch  cl'Rs  with 
this  njiimmtus,  the  fire  is  kindled,  and 
when  the  tcmncnHure  is  lu(i=,  the  (■jrUB 
■-  -'-  —' twentieth  of  tho 


cintroiiuccd:  onlyc 


St  dny ;  next  day 
imu  in  the  tnu's,  and 
tl  for  Iwviiiy  ifays,  so 


t   lilU-d 
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obick-roonif    which    oontains    a    sraall 

vesMel  filled  with  millet  seed  for  the  sup- 
port of  the  chicks. 

To  supply  an  establishment  of  the  com- 
mon kind,  where  100  eggs  are  daily 
hatched,  a  dozen  hens  would  be  needed, 
and  150  eggs  must  be  placed  under  them, 
as  only  two-thirds  succeed  ^  at  this  rate 
4300  mothers  would  be  re<}uired  to  sit. 

In  China  the  process  is  different.  There 
the  hatching  house  is  a  long  shed  with 
mud  walls  and  thickly  thatched  with 
straw.  Along  the  ends  and  down  one 
side  of  the  Dutlding  are  a  number  of 
round  straw  baskets,  well  plnstcrcd  with 
mud,  to  prevent  them  from  taking  fire. 
In  the  bottom  of  each  basket  there  is  a 
tile  placed ;  or  rather  the  tile  forms  the 
bottom  of  the  basket.  Upon  this  the  fire 
acts — a  small  fireplace  bemg  below  each 
basket.  Upon  the  top  of  each  boi^kct 
there  is  a  straw  cover  which  fits  closely, 
and  is  kept  shut  while  the  process  is 
goiug  on.  In  the  centre  of  the  shed  are 
a  number  of  large  shelves  placed  one 
above  another,  upon  which  the  Cj^rgs  are 
laid  at  a  certain  stage  of  the  process. 
When  the  eggs  are  bought  tliey  are  put 
into  the  baskets — the  fire  is  lighted  befow 
them — and  a  uniform  heat  kept  up,  ransr- 
ing  from  95  to  102  degrees;  but  the 
Chinamen  regulate  the  heat  by  their  own 
feelings,  and  therefore  it  will,  of  course, 
vary  considerable.  In  four  or  five  days 
after  the  eggs  have  been  subject  to  tliis 
tompcruturc,  they  are  taken  c^ire fully  out, 
one  bv  one,  to  a  door,  in  wliicli  u  number 
of  hok'f*  have  been  bored  nearly  tlu*  r*ize 
of  theegifs;  they  are  then  held  au'uiiijJit 
these  holeH,  and  the  Cliinanien  look 
through  them,  and  are  able  to  tell  whither 
they  are  tr^od  or  not.  If  pood,  they  are 
taken  baek,  and  reidaocd  in  their  foVnier 
quarters;  if  bad,  they  are,  of  course,  ex- 
cluded. In  nine  or  ten  days  atU-r  this — 
that  is,  about  tourteen  days  from  com- 
inenoenient — the  OiS^^A  are  taken  from  the 
biwkct,  and  spread  out  on  the  shelves. 
Here  no  tire-heat  is  applied,  but  tliey  are 
covered  over  with  cotton,  and  a  kiinl  of 
blanket,  under  which  they  remain  about 
fourteen  days  more,  when  the  young 
ducks  burst' their  shells,  and  the  shed 
teems  with  life.  These  shelves  are  larire 
and  capable  of  holdirij;  numy  thousands 
of  iiir^i;^;  and  when  the  hatching  takes 
place,  the  siirlit  is  not  a  little  curious. 
The  natives  who  rear  the  youtiLr  duck  in 
the  surrt)undintr  country  know  exactly 
the  day  when  it  will  he  rea«ly  for  removal ; 
and  in  two  days  al\er  the  shell  is  burst, 


the  whole  of  the  little  crestareB  are  sold 
and  conveyed  to  their  new  quartere. 

INDIGO.  From  the  differences  whioh 
exist  in  the  nature  and  culture  of  the 
indigqferay  and  of  its  treatment  by  the 
manufacturer,  the  product,  indi^Oy  as 
found  in  commerce,  differs  remarkably 
in  quality  and  chemical  composition. 
Besides  the  impurities  accidentally  pre- 
sent, f^om  a  baa  season,  want  of  skill  or 
core,  the  purest  commercial  indigo  con- 
sists of  no  less  than  five  constituents — 1. 
Indi^o-blti€,  a  very  singular  vegetable 
compound  of  carbon,  hydrogen,  and  oxy- 

5 en,  with  about  ten  per  cent,  or  azote  ;  2. 
ndigo-gluten.  a  yellow,  or  brownish- 
yellow  varnisn,  which  differs  fW)m  wheat- 
gluten  by  its  solubility  in  water.  It  has 
the  taste  of  oemazome,  or  of  beef-soup, 
melts  when  heated,  bums  with  flame, 
and  affords  an  empyreumatic  oil  along 
with  ammonia  by  distillation ;  8.  Indujo- 
hrown.  This  constituent  is  more  abundant 
than  the  preceding.  It  is  extracted  by  a 
concentrated  water  of  potash,  made  to 
act  on  powdered  indigo,  previously  di- 
gested in  dilute  sulphuric  acid.  Ohev- 
feuil's  indigo-green  seems  to  have  con- 
sisted of  this  substance,  mixed  with  some 
alkaline  matter,  and  indigo-blue  ;  4.  /»- 
dnjo-rfd.  This  is  readily  diHsolved  by 
boiling  alcohol  out  of  indigo  previously 
subjected  to  the  action  of  an  acid  or  alka- 
line menstruum.  The  alcohol  acquires  a 
beautiful  red  tinge,  and  leaves  by  its 
evaporation  the  red  principle  in  the  form 
of  a  blaekish-brown  varnish  ;  6.  P^'**- 
j'hate  of  lime.  Dr.  Ure  found  the  bone 
phosphate  in  notable  quantity  in  some 
fine  indigo,  constituting  another  feature 
of  resemblance  between  this  vegetable 
and  animal  products.  Hence,  also,  the 
charcoal  of  indigo  is  most  dimcult  of  in- 
cineration, and  requires,  for  perfect  com- 
bustion, in  sojne  cases,  the  dcflagratory 
powers  of  nitric  acid. 

The  species  of  iiidi/jofera  are  legumin-  < 
ous  jilants,  herbaceous  or  shrubby.  They 
are  very  nujiierous  in  the  equatorial  re- 
gions of  the  plobe.   The  /.  tinctoria  is  the 
snecies  most  abundantly  cultivated.    The 
plant  requires  a  rich,  light  soil,   and  a 
warm    exposure.      It  succeeds   best   on 
luwly-cleared  lands,  on  account  of  their 
moisture;  it  requires  protection  against 
liiirh  winds,  and  needs  irri^-ation  in  tiinca 
of  drought.      The    ground,    arter  iK'ing 
properly   prepared    lor  the  reception  of 
the   seed  by   ploughing,   is  sown  pretty 
thickly,    the   time    of   sowing    being  bo 
chor.cn  that  rain  may  fall  upon  the  plant 
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m  Boon  as  U  shows  itself  above  the 
l^und,  by  which  it  is  not  only  greatly 
invigorated,  but  cleansed  from  innumer- 
able in&ects. 

Ab  the  plant  approaches  to  maturity, 
the  leaves  undergo  a  sudden  change  m 
oolor,  from  a  light  to  a  dark  green.  As 
soon  as  this  change  is  observed,  the 
branches  are  severed  firom  the  parent 
stem  eariy  in  the  morning,  and  spread 
out  in  the  sun  till  the  afternoon,  by  which 
time  they  become  sufficiently  dry  to  be 
beaten  from  the  branches  by  a  stick.  The 
leaves,  so  separated,  are  housed  in  ware- 
houses, closely  packed  and  well  trodden 
down  by  natives. 

The  plants,  from  which  leaves  have 
been  severed,  send  forth  a  new  crop, 
which  is  gathered,  when  mature,  like  the 
first.  The  cuttings,  in  a  favorable  sea- 
son, are  repeated  three  or  four  times, 
after  which  the  ground  is  ploughed  up 
for  another  sowing ;  but  each  successive 
growth  of  the  branches  produces  an  in- 
creased deterioration  of  the  qualities  of 
the  leaves,  so  that  one  oart  of^  the  leaves 
of  the  first  cutting  yields  as  much  indigo 
as  two  parts  of  the  third  crop.  The  dried 
leaves  are  not  iizm[iediately  used,  but  are 
kept  packed  for  one  month,  during  which 
time  they  suffer  a  material  change,  which 
is  indicated  by  their  having  posHcd  to  a 
light  load  color.  By  additional  keeping, 
the  lead  color  gradually  darkens,  until  it 
becomes  black.  The  maximum  quantity 
of  indigo  is  to  be  obtained  when  the  lead 
oolor  is  attended  with  a  Iobs  in  the  quan- 
tity of  the  indigo.  The  dried  leaves, 
aiter  having  suffered  the  change  of  color, 
are  transferred  to  the  steepiug-vat  (an 
uncovered  reservoir,  80  feet  square,  and 
26  inches  deep,  constructed  of  brick,  and 
lined  with  stucco,)  where  they  ore 
mingled  with  water,  in  the  proportion 
of  about  one  volume  of  leaves  to  six  of 
water,  and  allowed  to  remain  two  hours. 

The  great  afUnity  of  indigo  for  oxygen 
is  very  manifest,  in  the  quick  chougc  of 
the  color  of  the  leaves  which  float  on  the 
surface,  and  ore  exposed  to  the  action  of 
the  atmosphere,  to  a  blackish  blue^  when 
contrasted  with  those  below,  which  re- 
main unchanged.  On  this  account,  the 
vat  is  frequently  stirred,  so  that  the 
fioating  leaves  may  be  immeri»cd.  After 
two  hours'  infusion,  the  wuter,  which, 
ft'om  the  solution  of  iniperfeetlv-oxygen- 
ized  indigo,  has  acquired  a  fine  green 
color,  is  allowed  to  run  off  from  the 
leaves,  through  strainers,  into  the  beat- 
ing-vat, where  it  is  agitated  by  the  pad- 
dles of^lO  or  12  natives  for  about  two 


hours,  during  which  time  the  fine  green 
liquor  graduall^r  darkens  to  a  blackish- 
blue.  At  this  time,  lime-water  is  thrown 
into  the  vat,  and  thoroughly  agitated 
with  the  whole  mass  of  fluid.  The  mass 
is  then  left  to  subside  for  the  space  of 
three  hours,  when  the  supernatant  liquid, 
which  is  of  a  fine  bright  Madeira  color,  is 
withdrawn,  by  orifices  in  the  vat  at  dif- 
ferent heights.  The  indigo  is  then  re- 
moved to  the  covered  part  of  the  manu- 
factory, where  it  is  put  on  a  straining- 
doth,  and  allowed  to  drain  throughout 
the  night.  On  the  following  mornmg  it 
is  transferred  to  a  copper  boner,  where  it 
is  mingled  with  a  quantity  of  water,  and 
raised  to  ebullition.  The  contents  of  the 
copper  are  retaken  to  the  strainers,  and 
the  drained  indigo  is  then  divided  into 
small  portions,  and  each  portion  well 
workea  hy  the  hands  of  the  natives,  in 
order  to  free  it  from  air-bubbles.  It  is 
then  carried  to  the  pressing-boxes,  which 
are  usually  square,  and  of  sufficient  depth 
to  leave  the  cake  about  two  inches  and  a 
quarter  in  thickness.  By  means  of  a 
powerful  screw,  the  water  is  separated 
from  the  indigo ;  the  cakes  are  gradually 
dried  in  the  shade,  and  thus  rendered  fit 
for  exportation. 

When  indigo,  suspended  in  water,  is 
brought  into  contact  with  certain  deox- 
idi2ing  agents,  it  is  deprived  of  a  part  of 
its  oxygen,  becomes  green,  and  is  ren- 
dered soluble  in  water,  and  still  more  so 
in  the  alkalies.  It  recovers  its  former 
color,  however,  on  exposure  to  the  air,  by 
again  absorbing  oxygen  of  l-7tli  or  l-6th 
of  the  whole  weight  of  the  resulting  in- 
digo. Its  deoxidizement  is  effected  either 
by  allowing  it  to  ferment  along  with  bran, 
or  other  vegetable  matter,  or  by  decom- 
posing in  contact  with  it  the  protosul- 
phate  of  iron,  by  the  addition  of  lime. 

Substances  dyed  by  deoxidized  iudigo 
receive  a  green  tint  at  first,  which  be- 
comes blue  by  exposure  to  the  air.  This 
is  the  usual  method  of  coloring  cloths  hy 
means  of  indigo,  which,  when  fully  oxi- 
dized, affords  a  peniianent  dye,  not  re- 
movttole  by  sonp  or  by  acids. 

Indigo,  purified  by  eublimation,  is 
composed  ot  78-26  carbon,  18*81  nitrogen, 
10*43  oxygen,  and  2-5  hydrogen. 

/employment  of  indUjo  in  dytinfi. — As 
indigo  is  insoluble  in  water,  and  as  it  can 
penetrate  the  fibres  of  wool,  cotton,  bilk, 
aiul  fiax,  only  when  in  a  state  of  solution, 
the  dyer  must  study  to  bring  it  into  this 
condition  in  the  most  complete  and  eco- 
nomical manner.  This  is  effected  either 
by  exposing  it  to  the  action  of  bodies 
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which  have  an  affinity  for  oxygen  superior 
to  its  own,  such  as  certain  metals  and 
metallic  oxydca,  or  by  mixing  it  with  fer- 
menting matters,  or,  finally,  by  dissolving 
it  in  a  strong  acid,  such  as  the  sulphuric. 
The  second  of  the  above  methods  is  called 
the  warm  hue,  or  pastel  vat ;  and  being 
the  most  intricate,  we  shall  begin  with 
it. 

Before  the  substance  indigo  was  known 
in  Europe,  woad  having  been  used  for 
dyeing  blue,  gave  the  name  of  woad  vat« 
to  the  apparatus.  The  vats  are  sometimes 
made  ot  copper,  nt  other  times  of  iron  or 
wood,  the  last  alone  being  well  adapted 
for  the  employment  of  steam.  The  di- 
mensions are  very  variable  ;  but  the  fol- 
lowing may  be  considered  as  the  averaare 
Bize:  depth,  7i  feet:  width  below,  4 
feet ;  above,  5  feet.  Tne  vats  are  built  in 
such  a  way  that  the  fire  does  not  atfect 
their  bottom,  but  merely  their  sides  half 
way  up ;  and  thev  are  sunk  so  much 
under  the  floor  ol"  the  dychousc,  that 
their  upper  half  only  is  above  it,  and  is 
surrounded  with  a  mass  of  masonry  to 
prevent  the  dissipation  of  the  heat. 
About  3  or  3t  feet  under  the  top  edge  an 
iron  ring  is  fixed,  called  the  champa^jne  by 
the  French,  to  which  a  net  is  attached  in 
order  to  suspend  the  stuffs  out  of  contact 
of  the  sediment  near  the  bottom. 

In  mounting  the  vat  the  following  arti- 
cles are  required:  1.  woad  prepared  by 
fermentation,  or  woad  merely  dried, 
which  is  better,  because  it  may  be  in:idc 
to  ferment  in  the  vat,  without  tlie  risk  of 
becominLT  putrid,  as  the  former  is  a]^)t  to 
do;  2.  indigo,  previously  ground  hi  a 
proper  mill;  3.  madder;  4.  potash;  5. 
slaked  quicklime;  6.  bran.  In  Fraiioc, 
weld  is  coMinionly  used  instead  of  potasli. 

The  vat  being  filled  with  clear  rivor 
water,  the  fire  is  to  bo  kindled,  the  in- 
gredients introdiioed,  and  if  fermentid 
woad  be  employed,  less  lime  is  nijcded 
than  with  the  niorely  dried  plant.  Mean- 
while the  water  is  to  he  heated  to  the 
temperature  of  1^)0'^  Fahr.,  and  main- 
tained at  this  pitcli  till  tlie  deoxi<lize- 
ment  and  solution  of  the  indiiro  bcirin  to 
show  tliemselvcs,  winch,  aecordintrto  the 
state  of  the  constituents,  may  hapi>en  in 
12  hours,  or  not  till  ath-r  several  days. 
The  fi»"st  charaetcrs  of  incipient  solution 
are  blue  bubbles,  called  the  flowers, 
which  rise  upon  the  surtiuv,  and  remain 
like  a  head  of  soap-suds  for  a  consider- 
able time  bclV>re  tlicy  fall;  tlicn  i)Iui-' 
coppery  shining  veins  appear  with  a  like 
colored  froth.  The  hue  of  the  li(iuor 
now  passes  from  blue  to  green,  ana  an 


ammoniacal  odor  begins  to  be  exhaled. 
Whenever  the  indigo  is  completely  dis- 
solved, an  acetic  smelling  acid  may  be 
recognised  in  the  vat,  which  neutralizes 
all  the  alkali,  and  may  occasion  even  an 
acid  excess,  which  should  be  saturated 
with  quicklime.  The  time  for  doing  this 
CAunot  be  in  general  very  exactly  defined. 
When  quicklime  has  been  added  at  the 
beginning  in  sufficient  quantity,  the 
Honor  appears  of  a  pale  wino-yellow 
color,  but  if  notj  it  acquires  this  tint  on 
the  subsequent  introduction  of  the  lime. 
Experience  has  not  hitherto  decided  in 
fiivor  of  the  one  practice  or  the  other. 

As  soon  as  this  yellow  color  is  formed 
in  the  liquor,  and'  ita  surface  becomes 
blue,  the  vat  is  ready  for  the  dyer,  and 
the  more  lime  it  takes  up  without  being 
alkaline,  the  better  is  its  condition.  The 
dyeing  power  of  the  vat  may  be  kept  up 
during  six  months,  or  more,  according  to 
the  fermentable  property  of  the  woad. 
From  time  to  time,  madder  and  bran 
must  be  added  to  it,  to  revive  the  fer- 
mentation of  the  sediment,  along  with 
some  indigo  and  potasli,  to  replace  what 
may  have  been  abstracted  in  the  progress 
of  dyeing.  The  quantity  of  indigo  must 
be  proportional,  of  course,  to  the  depth 
or  liirhtness  of  the  tints  required. 

CoUi  vats. — The  copperas  or  common  blu-s 
iHit  is  so  named  because  the  indigo  is  re- 
duced by  means  of  the  protoxide  of  iron  . 
This  salt  should  therefore  be  as  free  as 
possible  from  the  red  oxide,  and  espe- 
cially from  any  sulphate  of  copper,  whicU 
would  re-oxidlze  the  indigo.    The  neces- 
sary  inirredicnts  are  :    coppenis   (green 
sulphate  of  iron),  newly  slaked  quick- 
lime, finely  ground  indigo,  and  water; 
to  wliich  sometimes  a  httle  potash  or  soda 
is  added,  with  a  proportional  diminution 
of  the  lime.     The  operation  is  conducted 
in  the  following  way :  the  indigo,  well 
triturated  with   water  or  an  alkaline  ley, 
nnist   be  mixed  with   hot  water  in  the 
pr> pnratU/ti  vat,  then  the  requisite  quan- 
tity of  lime  is  added,  alter  which  the  so- 
lution  of  copperas  must  be   poured  in 
with  stirritiLr.     Of  this  pn-pnration  vat, 
such  a  })ortion  as  may  be  wanted  is  laded 
into  the  dyeinj?  vat.     For  one  pound  of 
indit.'o  tliree  pounds  of  copperas  are  ta- 
ken, and   fotir  pounds  of  lime  (or  1  of 
indii/o,  2i  of  copperas,  and  3  of  lime). 
It' the  cop))eras  be  partiiillv  peroxidized, 
somewhiit  Miorc  of  it  must  be  used. 

A  vat  co..taininir  a  considerable  excess 
of  lime  is  called  a  aharp  viit,  and  is  not 
well  ada]>ted  for  dyeintf.  A  tioft  vat,  on 
the  coTitrarv.  is  tlint  which  contains  too 
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much  copperas.  In  this  case  the  preci- 
pitate is  apt  to  rise,  and  to  prevent  uni- 
lormity  of  tint  in  the  dyed  goods.  Tlie 
sediment  of  the  copperas  vat  consists  of 
sulphate  of  lime,  oxide  of  iron,  limo  with 
inoigo  brown,  and  lime  with  indigo  blue, 
when  too  much  quicklime  has  been  cm- 
ployed.  The  clear,  dark  wine  yellow 
fluid  contains  indigo  blue  in  a  reduced 
state,  and  indigo  red,  both  combined 
with  lime  and  with  the  gluten  of  indigo 
dissolved.  After  using  it  for  some  time 
the  vat  should  be  refreshed  or  fed  with 
copperas  and  lime,  upon  which  occasion 
the  sediment  must  nrst  be  stirred  up. 
and  then  allowed  time  to  settle  again  and 
become  clear.  For  obtaining  a  series  of 
blue  tints,  a  series  of  vats  of  different 
strengths  is  required. 

Linen  and  cotton  vam,  before  being 
dyed,  should  be  boiled  with  a  weak  tdka- 
line  ley,  then  put  upon  frames  or  tied  up 
in  hanks,  and  after  removing  the  froth 
from  the  vat,  plunged  into  and  moved 
gently  through  it.  For  pale-blues,  an 
old,  nearly  exhausted  vat  is  used ;  but 
for  deep  ones,  a  fresh,  nearly  saturated 
▼at.  Cloth  is  stretched  upon  a  proper 
square  dipping-frame  made  of  wood,  or 
preferably  of  iron,  furnished  with  sharp 
nooks  or  points  of  attachment.  These 
tnmeB  are  suspended  by  cords  over  a 
pulley,  and  thus  immersed  and  lifted  out 
alterLtttelv  at  proper  intervals.  In  the 
course  of  8  or  10  minutes,  the  cloth  is 
sufficiently  saturated  with  the  solution 
of  indifiro,  after  which  it  is  raised  and 
su«<penaed  so  as  to  drain  into  the  vat. 
The  number  of  dippings  dctcnnincs  the 
depth  of  the  shaae ;  afler  the  last,  the 
goods  are  allowed  to  dry,  taken  oft  the 
frame,  plunged  into  a  sour  bath  of  vcr>' 
dilute  sulphuric  or  muriatic  acid,  to  re- 
move the  adhering  lime,  and  then  well 
rinsed  in  running  water. 

The  mode  of  making  the  China  blue- 
dye  has  been  described  under  Calico 
Fjasriyo. 

A  blue  dye  mav  likewise  bo  given  bv 
a  solution  of  indiaro  in  sulphuric  acid. 
This  process  was  discovered  by  Burth,  at 
6ro:*senhayn,  in  Saxony,  about  the  year 
1740,  and  is  hence  culled  the  Saxon  blue- 
dye.  The  chemical  nature  of  this  pro- 
cess has  been  already  fullv  explained.  If 
the  smoking  sulpliuric  acid  V)e  employed, 
from  4  to  5  parts  are  sufficient  fori  of 
indigc;  but  it  oil  of  vitriol,  from  7  to  8 
parts.  The  acid  is  to  ])e  poured  into  an 
earthenware  pan,  which  in  summer  must 
be  placed  in  a  tub  of  cold  water,  to  pre- 
vent it  getting  hot,  and  tho  indigo,  in 


fine  power,  is  to  be  added,  with  oareful 
stirring,  in  small  successive  portions.  If 
it  becomes  heated,  a  part  of  the  indigo  is 
decomposed,  with  the  disengagement  of 
sulphurous  acid  gas,  and  indiicfo-green  is 
produced.  Whenever  all  the  indigo  has 
been  dissolved,  the  vessel  must  be  cover- 
ed up,  allowed  to  stand  for  48  hours,  and 
then  diluted  with  twice  its  weight  of 
clear  river  water. 

The  acidulated  mass  has  a  black  color, 
is  opaoue,  thick,  attracts  water  from  the 
air,  and  is  called  indigo  composition^  or 
ehemic-Uue.  It  must  be  prepared  before- 
hand, and  kept  in  store.  In  this  solu- 
tion, besides  the  ceridin,  there  are  also 
indigo-red,  indigo-brown,  and  gluten, 
by  which  admixture  the  pure  blue  of  the 
dye  is  rendered  foul,  assuming  a  brown 
or  a  green  cast.  To  remove  these  con- 
taminations, wool  is  had  recourse  to. 
This  is  plunged  into  the  indigo  previ- 
ously diffused  through  a  considerable 
body  of  water,  brought  to  a  boiling  heat 
in  a  copper  kettle,  and  then  allowed  to 
macerate  as  it  cools  for  24  hours.  The 
wool  takes  a  dark-blue  dye  by  absorbing 
the  indigo-blue  sulphate  and  hyposul- 
nhite,  while  at  the  same  time  the*  liquor 
oecomcs  greenish-blue  :  and  if  the  wool 
be  lefl  longer  immersed,  it  becomes  of  a 
dirty-vellow.  It  must  therefore  bo  taken 
out,  drained,  washed  in  running  water 
till  this  runs  off  colorless,  and  without 
an  acid  taste.  It  must  next  be  put  into 
a  copper  full  of  water,  containing  one  or 
two  per  cent,  of  carbonate  of  potash, 
soda,  or  ammonia  (to  about  one-third 
the  weight  of  the  indigo),  and  subjected 
to  a  boiling  heat  for  a  quarter  of  an  hour. 
The  blue  sjUts  forsake  the  wool,  leaving 
it  of  a  dirtv  red-brown,  and  dye  the  wa- 
ter bhie.  ^he  wool  is  in  fact  dyed  with 
the  indigo-red,  which  is  hardly  soluble 
in  alkali.  The  blue  liquor  may  now  be 
employed  as  a  line  dye,  possessed  of  su- 
perior tone  and  lustre.  It  is  called  dis- 
tillecl  blue  and  noluhU  hlvf.  Sulphuric 
acid  throws  down  from  it  the  small  quan- 
tity of  indigo- red  which  had  been  held 
in  solution  by  the  alkali. 

When  wool  is  to  be  dyed  with  this 
sulphate  of  indigo-blue,  it  must  be  first 
boiled  in  alutii,  then  treated  with  blue 
liquor,  antl  thus  several  times  altenuite- 
ly,  in  order  to  produce  a  uniform  blue 
color.  Too  loni;  continuant  c  of  boilins; 
is  injurious  to  the  bciuitv  of  the  dve.  In 
thi.-<  operation  tiie  woolU-n  fibivs  get  ini- 
prcgimtod  with  the  in<ligo-blue  sulphate 
of  ahmiina. 

With  sulj>hate  of  indigo,  not  only  blues 
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of  every  shade  «re  dyed,  but  also  green, 
olive,  gray,  as  also  a* fast  ground  to  log- 
wood-blues; for  the  latter  pnipose  the 
preparatory  boil  is  given  witn  alam,  tar- 
tar, sulphates  of  copper  and  iron,  and 
the  blue  solution ;  after  which  the  goods 
are  dyed  up  with  a  logwood  bath  con- 
taining a  little  potash. 

INK.  The  colored  liquid  used  for 
writing,  is  made  usually  bv  the  action  of 
the  tannin  of  vegetable  substances  upon 
salts  of  iron.  In  the  case  of  black  ink, 
nut-galls,  sulphate  of  iron,  and  gum,  are 
the  only  substances  necessary  :  others 
being  added  to  modify  the  shade,  or 
diminish  the  cost.  Those  which  contain 
most , gallic  acid  or  tannin  acid  are  most 
▼alnalile,  and  the  reverse.  To  make  12 
gallons  of  ink.  Dr.  Ure  directs  to  take 

12  lbs.  of  Nut-galls, 
6  lbs.  of  Green  Sulpbate  Iron, 
6  lbs.  of  Gum  Senegal, 

12  gallons  of  Water. 

The  nut-galls  and  water  are  put  into  a 
copper  and_  well  boiled,  replacing  the 
water  lost :  it  is  then  pourea  into  a  tub, 
let  to  settle,  and  strained.  The  gum  is 
then  dissolved,  strained,  and  added  to 
the  gall  liquor.  The  copperas  is  also  dis- 
solved and  added,  when  the  whole  be- 
comes gradually  black.  It  should  be 
bottled  before  it  attains  its  full  black- 
ness. A  few  bruised  cloves  added  in, 
prevents  mouldiness.  Sumach,  logwood, 
and  oak-bark,  are  often  used  instead  of 
galls,  or  in  addition  to  it,  to  diminiHh 
the  cost  of  manufacture;  but  the  ink  ia 
deteriorated  by  their  use.  Lojzwood 
rc(iuires  less  copperas  than  galls.  The 
foregoing  ink  is  much  stronger  tlian  that 
commonly  sold,  and  it  may  be  diluted 
with  an  eq^nal  (juantity  of  water  to  form 
an  ink  of  similar  strenVtli  to  that  usually 
sold.  A  good  black  ink  should  write 
pale  and  become  black  afterwards  in  the 
paper :  that  which  writes  black  at  once 
and  shines  on  the  surface  of  the  paper, 
easily  rubs  off  and  is  not  as  permanent-. 

Japan  ink,  as  such  is  called,  is  not 
lasting. 

Inks  are  of  almost  every  shade,  and 
generally  are  solutions  of  chemical  salts. 

Bed  ink.  Take  a  strong  decoction  of 
Brazil  wood  and  a  little  Lnim-wutrr,  and 
add  some  alum  with  a  few  drops  of  the 
chloride  of  tin. 

A  still  better  red  ink  is  a  decoction  of 
cochineal,  to  wliich  a  little  water  of  jun- 
monia  has  been  ad(U'd :  or  an  extemjio- 
raneous  red  ink  may  he  made  by  ruhhmg 
up  carmine  in  strong  water  of  ammonia. 


dilntiDg  the  solation  down  to  the  desired 
shade,  and  addiniep  mudlage. 

Gre£n  ink.  Dissolve  distilled  verdi- 
gris is  strong  vinegar,  and  make  into  a 
proper  consistency  for  writing  with  a  so- 
lution of  gum  arable :  or  boil  2  parts  of 
verdigris,  8  parts  of  water,  and  1  part  of 
cream  of  tartar  together  down  to  one  hal^ 
let  settle,  strain,  and  bottle. 

FeUoto  ink,  A  little  alum  added  to 
saffron  and  water,  makes  a  very  good 
yellow  ink — thicken  with  gum :  or  lK>il  8 
parts  of  alum,  100  parte  of  water,  and  25 
parts  of  Persian  berries  together,  stndn, 
and  add  mucilage ;  or  dissolve  gamboge 
in  water. 

The  different  dye-stuffs  and  solutions, 
afford  inks  of  any  desired  shade. 

Mr.  I.  Deck  has  recommended  a  new 
mode  of  making  black  ink,  which  affords 
a  good  color  and  is  remarkably  cheap. 
The  process  is  this :  boil  1  part  of  log- 
wood in  100  parts  of  water  until  the 
liquor  is  {)rctty  strong,  and  to  one  quart 
of  it  put  in  one  quarter  of  an  ounce  of 
chromate  of  potash,  and  sot  it  aoart, 
shaking  it  frequently,  for  about  tnree 
weeks.  At  first  the  appearance  of  the 
ink  will  bo  a  little  greenish,  but  after  it 
is  exposed  to  the  sun  and  air  for  some 
time,  it  ^ets  beautiful,  is  very  fiist,  and 
does  not  iiiiure  steel  pens. 

InJ:  powder.  Blue  galb»,  2  ounces  ;  gnm 
arabic,  t  an  ounce;  sulphate  of  iron,  8 
ounces— all  powdered  and  well  mixed 
together. 

ImlSiffk  inks.    These  used  to  have  for 
a  basis  nitrate  of  silver,  which,  in  a  stronjj 
solution,  thickened  with  gum  and  color- 
ed, was  laid  with  a  pen  on  the  cloth  pre- 
viously soaked  with  carbonate  of  sooa — 
which  reduced  the  oxide  of  silver  in  the 
tissue  of  the  stuff.    More  recently,  the 
nitrate  of  silver  has  been  dissolved  in 
water  of  ammonia  and  laid  on  the  eloth 
without  any  further  treatment :  this  ink 
is  not  now  indelible,  its  stain  is  removed 
by  chlorine  and  water  of  ammonia,  and 
of  course  it  does  not  resist  the  bleaching- 
powder  used   in   laundries.     Fine  gold- 
j)owder,  rubbed  up  with  genuine  China 
ink,  resists  the  action  of  chlorine,  oxalic 
acid,  and  wa.shing  off  with  water.     Char- 
coal,   rubbed   up   with   acetic   acid   and 
tiiickened,   furnishes  a  very  permanent 
ink. 

The  following  indestructible  ink  has 
been  tried  and  recommended  :  shell  lac, 
2  ounces;  borax,  1  ounce;  distilled  or 
rain  water,  18  t>unees — btal  the  whole  in 
a  closely-covered  tin  vessel,  stirring  it 
occasionally  with  a  glass  rod  or  a  small 
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stick,  until  the  mixture  has  become  ho- 
moireneous  ;  filter,  when  cold,  througrh 
A  sinjrle  sheet  of  blotting  |>ftpcr ;  mix  the 
filtered  solntion,  which  will  be  about  19 
flnid  ounces,  with  1  onnce  of  mucilojore 
of  ^um  arabic,  prepared  by  di^Bolvin^  1 
onnce  of  water,  and  add  palverized  m- 
digo  and  lamp-black,  ad  libitum.  Boil 
the  whole  atrain  in  a  covered  vessel,  and 
stir  the  fluid  well  to  effect  the  complete 
solution  and  admixture  of  the  ^um  ara- 
bic ;  stir  it  occasionally  while  it  is  cool- 
inf^;  and  after  it  has  remained  undis- 
turbed for  two  or  three  hours,  that  the 
excess  of  indigo  and  lamp-black  may 
subftide,  bottle  it  for  use.  The  above 
ink,  for  documentary  purposes,  is  in- 
valuable, bein^,  under  all  ordinary  cir- 
cumstances, indestructible :  it  is  also  par- 
ticularly well  adapted  for  the  use  of  the 
laboratory.  Five  drops  of  kreosore  added 
to  a  pint  of  ordinary  ink  will  effectually 
prevent  its  becoming  mouldy. 

Vanadate  of  ammonia  treated  with 
galls  affords  a  good  and  permanent  black 
which  flows  freely  from  the  pen,  it  re- 
sists the  action  of  chlorine  and  is  not  ob- 
literated by  acids  or  alkalies.  Whenever 
the  metal  vanadium  will  be  found  more 
plentiful  this  combination  will  fonn  the 
nest  ink.  Perhaps  the  Lake  Superior 
copper  may  have  its  vanadium  turned  to 
advantage  in  this  way. 

InJt/or  LUho^rapJiem. — White  soap  2.") 
parts,  white  wax  26  parts,  mutton  suet  6 
parts,  lamp  black  6  part'4,  siieUnc  10  part:*, 
mastic  10  parts  ;  mix  with  heat  and  pro- 
ceed as  for  lithographic  ink. 

Si/mpalheticlnk. — The  best  is  a  solution 
of  muriate  of  cobalt. 

(hpyitig  Ink. — Gum  arabic  240  grains, 
Spanish  liquorice  20  grains,  water  720 
grains,  dissolve ;  then  add  the  solution 

{rradually  in   a  mortar  to  60  grains  of 
ampblack  previously  moistened  with  a 
tcaspoonfnl  of  sherry  ;  when  well  mixed 
strain  through  coarse  muslin. 
Saxon  Blu4  Ink,  is  a  solution  of  sul- 

Shate  of  indigo,  used  by  dyers,  weakened 
own  to  proper  tint.  A  better  kind  of 
blue  ink  is  made  by  rubbing  together  k 
oz.  of  best  Prussian  blue,  (that  recently 
mode  is  best),  oxalic  acid  2  drachms,  and  1 
pint  of  water ;  filter,  when  well  mixed. 
This  has  a  benntifnl  tint. 

Printer^s  Ink.  See  under  that  head. 
INULINE,  is  a  substance  first  extract- 
ed from  the  root  of  the  In  ula-Hellewumj 
or  Elecampane.  It  is  white  and  pulveru- 
lent like  starch ;  and  differs  from  this 
substance  chiefly  because   its  solution, 

12 


when  it  cools,  lets  fall  the  innlTbe  nn- 
changed  in  powder,  whereas  starch  re- 
mains dissolved  in  tne  cold,  as  a  jelly  or 
paste. 

Inuline  is  obtained  by  boiling  the  root 
sliced  in  8  or  4  times  its  weight  of  water, 
and  setting  the  strained  decoction  aside 
till  it  cools,  when  the  pulverulent  inuline 
precipitates.  It  exists  also  in  the  roots 
of  eolchicum  and  pellitorj'. 

IODINE,  is  one  of  the  simple  chemical 
bodies  which  was  discovered  accidentally 
in  1812,  by  M.  Courtois,  a  manufacturer 
of  saltpetre,  in  the  mother-waters  of  that 
salt.  Its  omnities  for  other  substances 
are  so  powerful  as  to  prevent  it  from  ex- 
isting m  an  insulated  state.  It  occurs 
combined  Ynih  potassium  and  sodium  in 
many  mineral  waters,  such  as  the  brine 
spring  of  Ashby-de-la-Zouche,  and  other 
strongly  saline  springs.  This  combina- 
tion exists  sparingly  in  sea-water,  abun- 
dantly in  many  species  of  fucus  or  sea- 
weed, and  in  the  Kelp  made  from  them  ; 
in  sponges ;  in  several  marine  moUusccB, 
such  as  the  doris,  the  venvs,  oysters,  <fec. ; 
in  several  polyparies  and  sea-plants,  as 
the  gorgoniay  the  eostera  manna,  &c. ; 
particularly  in  the  mother-waters  of  the 
salt-works  upon  the  Mediterranean  sea; 
and  it  has  been  found  in  combination 
with  silver,  in  some  ores  brought  from 
the  neighborhood  of  Mexico. 

It  is  an  ingredient  in  the  salt  licks,  siv- 
line,  and  brine  springs  of  this  country, 
especially  of  those  iti  the  Valley  of  the 
Mississippi,  and  it  has  been  foimd  to  be 
a  constituent  of  coal.  It  seems  to  be  be- 
neficial to  marine  plants,  and  they  have 
the  power  of  abstracting  it  from  sea- wa- 
ter. It  is  from  these  plants  that  almost 
all  the  iodine  of  commerce  is  derived. 

Kelp,  or  the  half  vitrified  ashes  of  sea- 
weeds, prepared  by  the  inhabitants  of  the 
Western  Islands  and  the  northern  shores 
of  Scotland  and  Ireland,  is  treated  with 
water,  and  the  solution  filtered.  The  li- 
quid is  then  concentrated  by  evaporation 
until  it  is  reduced  to  a  very  small  volume, 
the  chloride  of  sodium,  carbonate  of  soda, 
chloride  of  potassium,  and  other  salts, 
being  removed  as  they  successively  crys^ 
tallize.  The  dark  brown  mother-liquor 
lef\,  contains  very  nearly  the  whole  of^the 
iodide^  this  is  mixed  with  sulphuric  acid 
and  peroxide  of  mantranesc,  and  gently 
heated  in  a  leaden  retort,  when  the  io- 
dine distils  over  and  condenses  in  the  re- 
ceiver. The  theory  of  the  operation  is 
exactly  analogous  to  that  of  the  preparar 
tion  of  chlorine  ;  it  requires  in  practice. 
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however,  carefal  management,  otherwise 
the  impurities  present  m  the  solution  in- 
terfere with  the  general  result. 

The  mfingaucse  is  not  reallv  essential ; 
the  iodide  of  potassium  or  sodium,  heated 
with  an  excess  of  sulphuric  acid  evolves 
iodine.  It  is  probable  that  this  etfect  is 
due  to  a  secondary  action  between  the 
hydriodic  acid  first  produced  and  the  re- 
sidue of  tlie  sulphuric  acid,  in  which  both 
sutfer  decomposition,  yielding  iodine, 
water,  and  sulphurous  acid. 

Iodine  crystallizes  in  plates  or  scales  of 
a  bluish  black  color  and  imperfect  metal- 
lic lustre,  resembling  that  of  plumbai:o  • 
the  crystals  are  sometimes  very  lar]L,'e  and 
brilliant.  Its  density  is  4-948.  At  2'J5° 
it  fuses,  and  at  847°  boil^,  the  vapor  hav- 
ing an  exceedingly  beautiful  violet  color. 
It  IS  slowly  volatile,  however,  at  coininon 
temperature,  and  exhales  an  odor  much 
resembling  that  of  chlorine.  Tiie  density 
of  the  vapor  is  8-716.  Iodine  requires 
for  solution  about  Ti.km)  parts  of  water, 
which  nevertheless  accjuires  a  brown  co- 
lor: in  alcohol  it  is  much  more  fre<'ly  so- 
luble. Solutions  of  hydriodic  acid  and 
the  iodides  of  the  alkaline  metals  also  dis- 
solve a  larL'e  quantity;  these  soiiilions 
are  not  decomposed  by  water,  which  is 
the  case  with  tne  alcoholic  tincturt*. 

This  substanc-e  stains  the  skin,  but  not 
pennanently ;  it  has  a  very  eneriretic  ac- 
tion upon  the  animal  system,  and  ia  much 
used  in  medicine. 

One  of  the  most  characteristic  proper- 
ties of  iodine  is  the  protliiction  of  a 
splcnrlid  blue  color  bv  contact  with  the 
organic  principle  staroij.  Tlie  iodit.e  for 
this  purpose  must  be  free  or  uiiconihined. 
It  is  eiusy,  however,  to  make  th*-  test 
available  for  the  pur|>o>o  of  recot:ni>in<; 
the  presence  of  tlie  t'loinent  in  <[iicstion 
when  a  soluble  iodide  is  sns})Ci.:t<.d  ;  it  is 
onlv  necossarv  to  add  a  vcrv  small  (inaii- 
tity  of  chlorine-water,  whi-n  the  iodine, 
beintf  displaced  from  coinl>ination,  be- 
comes cajinble  of  aetiiiLT  upon  the  stan.li. 

Iodine  is  now  exlensivtly  U'-e.l  l>v  the 
Da^jruerreotypisl  to  coat  the  siUcr "].liite 
with  so  as  to  I'onii  a  siii1a>'e  >tn-iti\f  to 
Ii'i:ht  :  jL'encmlly  the  pure  iodine  is  n-ed 
in  thceoatintr,  oei/nsionally  tli*-  i-hh'i i<l,>  of 
iodine  is  i)relerrfd.  Iodine  is  ;il-r)  mm  .1 
by  tiic  French  to  produ.-c  a  l-lue  coh.r 
adapted  t'or  dycin-,'  cotton  w  ilh. 

loniNK,  Cni.oiMiM:  op,  i>  a  nreparation 
used  in  daLTiK'ireotypinLT.  It  is  made  by 
pa-ssing  chlorine  Lras  tliroiiLfh  iodine  until 
the  whole  becomes  liquid.  Iodine  ii  aililv 
absorbs  chlorine  forminL.'  when  the  liilo- 
rine  is  in  exce-is  a  s«ilid  yellow  (ompound. 


and  when  the  iodine  prep(mderates  a 
brown  liquid ;  the  solid  iodide  is  decom- 
posed by  water.  The  liquid  is  not,  and  is 
that  which  is  used  in  the  artfl.  It  is  a 
yellow,  oily  liquid,  of  a  suffocating  smell 
and  astringent  taste,  soluble  in  water  and 
alcohol.  It  consists  of  1  equivalent  of 
chlorine  united  with  1  equiv.  of  iodine. 

IRIDIUM  is  a  metal  discovered  by 
Descotils,  in  1803,  as  also  by  Tenant,  in 
lb«>4;  and  is  so  called  because  its  differ- 
ent solutions  exhibit  all  the  colors  of  the 
rainbow.  It  occurs  only  in  the  ore  of 
platinum,  being  found  there  in  two  states ; 
1.  united  to  that  metal,  and  2.  as  alloy  of 
osmium  and  iridium,  in  the  fonn  of  small, 
insulated,  hard  grains.  Iridium  is  the 
most  refractory  of  all  the  metals  ;  and  ap- 
pears as  a  gray  metallic  powder.  It  is 
not  fused  by  the  fiame  of  the  hydro-oxy- 
gen lamp. 

IKON.  Every  person  knows  the  man- 
ifold uses  of  this  truly  precious  metal ;  it 
is  capable  of  being  cast  in  moulds  of  any 
fonn  ;  of  being  drawn  out  into  wires  of 
any  desired  strength  or  fineness ;  of  be- 
ing extended  into  plates  or  sheets  •  of  be- 
ing bent  in  every  direction;  of  being 
shar}>ened,  hardened,  and  softenefl  at 
t  ploxsure.  Iron  accommodates  itiicif  to 
all  i>ur  wants,  our  desires,  and  even  our 
caprices;  it  is  eqiuilly  servict^able  to  the 
arts,  tiic  sciences,  to  atrriculture,  and  war; 
tile  same  ore  furnishes  the  sword,  the 
oloughshare,  the  scythe,  the  pruning 
liook,  the  needle,  the  graver,  the  spring 
of  a  watch  or  of  a  c-arriaire,  the  chisel,  the 
chain,  the  anchor,  the  compass,  the  can- 
non, and  the  bomb.  It  is  a  medicine  of 
much  virtue,  and  the  only  metjU  friendly 
to  the  human  frame. 

The  ores  of  iron  are  scattered  over  the 
erii-t  (tf  liie  udobe  with  a  beneficent  pro- 
fusion, ])ioportioncd  to  the  utility  of  the 
metal;  they  arc  found  under  ever}' lati- 
tude, and  every  country  which  possesses 
a  raiiLfe  ot"  primary  rocks  is  sure  to  have 
luds  ol'  iron  ore.  When  pure  it  is  a  me- 
tal of  a  bluish-gray  color,  and  a  dull  fi- 
luiius  tincture,  Imt  it  is  cnpable  of  ac- 
quiriiiLT  a  iuilliant  surtace  by  polishinir. 
Its  s|,(iiti,'  (gravity  is  7-7S.  It  is  the  mo>t 
tt  nai-ious  of  nietals,  and  the  hardest  of 
all  tho^e  which  are  nuiilcable  and  ductile, 
h  i>  vin_Mil:irly  Mi>«crptible  of  the  ma^rne- 
tic  \irtue.  but  in  its  ].urc  state  soon  lo>fs 
it.  When  rubbed  it  lias  a  sliuhl  smell, 
and  it  imparts  lit  the  toiiifue  a  peculiar 
a-triiiL'c'nt  ta>te.  called  chal_\  beate.  In  a 
moist  atmo>]ihere.  in^i  >}HM'ilily  oxydi/e>. 
and  becomes  covered  with  a  brown  coal- 
iuL:.  '-ailed  nisf. 
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There  are  no  less  than  19  ores  of  iron  : 

I,  native  iron  of  tliree  kiudd,  pure,  metal- 
JiferouB,  and  steely  ;  2,  areonical  iron ;  8, 
yellow  Bulphuret  of  iron  ;  4,  white  sul- 
phuret  of  iron ;  5.  raoffuetic  eulphuret ; 
6,  block  oxide,  eitlier  the  loadstone,  the 
magnetic,  or  titaniferous ;  7,  Ftr  oUguj'mU^ 
either  specular  or  scaly;  8,  hajinutite, 
yielding  red  powder ;  9,  yellow  ha?inatitc, 
a  hydruted  oxide;  10,  pitchy  iron  ore; 

II,  silico  calcareouA  iron  or  zenite  ;  12, 
e^parry  carbonate  and  clay  iron  stoue  ^  13, 
phosphate  of  iron  ;  14,  solphate  of  iron, 
native  cojpperas ;  15,  chromate  of  iron  ; 
16,  arscniate  of  iron ;  17,  chloride  of  iron  ; 
18,  oxalate  of  iron ;  19,  titanate  of  iron. 

Of  thcHe  ores  10  are  worked  by  the  mi- 
ner of  the  native  iron,  the  magnetic  oxide, 
the  carlx>nate,  or  clay  iron  stoue.  Tlie 
httmatite  and  the  brown  iron  stone  are 
the  most  important. 

The  notice  iron  occurs  in  veins  gener- 
allv  and  is  almost  pure  iron.  The  mete- 
oric iron  contains  nickel,  and  the  mass  is 
magnetic. 

The  magnetic  oxide  or  mngnetic  iron 
ore  is  a  mixture  of  protoxide  and  perox- 
ide, and  contains,  according  toBorzelius, 
in  100  parts : 

Iron Tl-74 

Oxygen 2s1i6 

It  is  of  an  intense  black  color  crvtstnlliz- 
ed  in  regular  octohedru,  sometimes  in  gra- 
nular or  compact  masses ;  its  yp.  gr.  50*J4. 
This  variety  is  found  in  Warwick,  Orange 
Co.,  New- York.  The  magnetic  iron  cxisls 
in  the  priraair  rocks  of  New  Entrhmd, 
and  crosses  New- York  and  Now  Jersey 
into  Pa.  It  occurs  at  Winchester  and 
Franconia,  N.  H.,  at  Cumberland,  R.  I., 
at  Hawles  and  Bernardstown,  MaJ*s. 
Near  Ringwood,  along  the  Highlands, 
beds  of  ore  10  feet  thic-k  exist ;  in  Morris 
county.  New  York,  its  average  thickness 
is  from  5  to  12  feet,  and  it  yields  rif)  per 
cent,  of  pure  iron.  In  the  primary  hills 
W.  of  Lake  Champlain,  there  are  nniiior- 
ous  veins  and  beds  of  it  )i'}  feet  thick  in 
somcplaees  and  nearly  pure.  It  is  work- 
ed at  Peru  and  Crown  Voint.  This  ore,  he- 
sides  being  so  rich  in  iron,  yields  it  ot'thc 
greatest  purity  :  hence  that  of  Dannenio- 
ra,  in  Sweden,  lias  been  so  higl.lv  prized. 

Chromate  of  iron,  or  ehroine  iron  ore, 
is  found  massive  and  cr}stuHi/ed  in  octo- 
htdra,  imperfect  lustre,  color  brown 
black,  sp.  gr.  4-49.     It  consists  of— 

Oxide  of  cliromo .%%riO 

Protoxide  of  Iron 33- 

Alumina 6* 

Silica 2- 


docs  not  ftisc  before  the  blowpipe ;  it  is 
magnetic  after  exposure  to  the  reducing 
flame  ;  it  forms  a  green  bead  with  borax. 
In  the  United  States  it  exists  abundantly 
in  Maryland,  near  linltimore,  also  in  small 
quantities  near  New  Haven,  Conn.,  in 
limestone  with  serpentine.  It  is  usea  for 
extracting  chrome  salts.  {See  Chrome.) 
The  quantity  of  chromate  of  lead  annu- 
ally made  in'Baltimore  exceeds  80,000  lbs. 
Specular  iran  ore  and  red  iron  ore  occurs 
in  many  crystalline  fonns  derived  fVom 
the  acute  rhomboid,  lustre  metallic,  color 
dark  steel  gray  iron  black ;  streak  cher- 
ry red  sp.gr.  5-25,  has  full  action  on  the 
magnet.  The  micaceous  iron  ore  and  the 
ha'matite,  analyzed  by  Bucholz,  have 
yielded  in  100  parts, 

Peroxide  of  Iron 901)0  94-00 

()\Me  of  luangaiieso a  trace  a  trace 

Silica 2-04)  2«)0 

Lltiio a  trace  1-00 

Water 2*00  8-00 

It  yields  ordinarily  CO  per  cent,  of 
metal.  The  islimd  of  Elba  is  the  most 
celebrated  locality  which  has  afforded 
iron  for  sixteen  centuries.  It  has  been 
worked  at  Ilawley,  Mass.  It  is  however 
found  but  sparingly  in  the  United  States. 
It  occurs  at  Ticonderoga,  New-York, 
where  it  is  ground  to  powder,  and  em- 
ployed as  a  polishing  substance.  It 
affords  excellent  iron,  and  often  as  much 
as  00  per  cent.  It  occurs  also  at  Mari- 
etta, Ohio. 

The  hroicn  iron  ore,  or  hydraUd  oxide^ 
does  not  occur  crystalline,  but  in  botry- 
oidal  masses,  or  in  staiactitic  Inmps; 
sometimes  in  pieces  earthy  and  friable ; 
its  si)ee.  grav.  is  3-922.  Its  composition 
is — iiroxide  of  iron,  8400;  water,  11-00; 
oxiae  of  manganese,  2-('0;  silica,  2*00. 
Its  most  remarkable  deposit  in  the 
United  States  is  at  Salisbury,  Conn., 
where  it  has  been  wrouglit  for  nearly  100 
veiirs.  This  is  the  most  extensive  mine 
111  the  country,  yielding  Suuo  tons  per 
aiiii'im.  Other  localities  of  brown 
huiiiutite  exist  in  Litchticld,  Conn.,  as 
well  as  in  the  vicinal  county  of  Duchess, 
New-York,  and  Berkshire  Mass.  The 
iron  which  this  variety  aflbrds  is  supe- 
rior in  malleability  to  that  yielded  by  'Jie 
red  ore  of  iron,  and  is  much  esteemed 
alNO.  This  ore  is  abundant  in  Pa.,  vield- 
iiiir  from  45  to  ;'>.')  per  cent,  of  metal. 
Ilaniatile  is  al)un«lant  in  Wiscoii.siu. 
Iron  was  first  found  in  this  country  in 
Vir^iiiiji,  in  171.').  In  many  parts  of 
Mi^»ouri  the  iron  is  so  pure  as  ntit  to  re- 
quire the  preliminary  roastiuL',  and  the 
iron  mountain  of  that  state  lius  a  circuit 
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of  two  miles,  and  an  elevation  of  850 
feet.  It  consists  of  fipccular  iron,  yield- 
injr  70  per  cent,  of  niotal,  and  contains 
onlv  a  few  crystals  of  felspar. 

'the  general  principles  which  regulate 
the  treatment  or  ores,  will  be  found  pi  veil 
under  the  article,  Metallurr^jf.  Some 
general  notions  of  the  particular  treat- 
ment of  iron  ores  arc  given  here.  After 
raising  the  ore  it  has  to  be  picked,  to 
separate  valuable  from  worthless  ore,  or 
mere  stone.  They  are  next  roasted  in 
large  heaps  in  the  open  air  to  drive  off  the 
sulphur  and  arsenic  which  they  usually 
contain,  and  also  render  them  more  fri- 
able and  easier  to  bo  powdered.  In  Eng- 
land the  roasting  is  conducted  with  bitu- 
minous coal,  but  in  this  country  alto- 
gether with  charcoal.  Trunks  of  trees 
and  brushwood  are  laid  down  and  over- 
laid with  charcoal,  and  iirnited.  Upon 
the  top  of  this  the  ore  is  heaped  several 
feet  high.  After  beiuij  rojusled  the  ore  is 
transferred  to  the  crushinij  mill,  where  it 
undergoes  another  powdering,  when  it  is 
transferred  to  the  smeltiriif  furujice  to  be 
converted  into  iron.  Here  it  passes 
throuirh  two  distinct  operations:  1.  The 
reduction  of  the  oxide  to  the  state  of  pure 
metal ;  2.  The  separation  of  the  earthy 
matters  lus  scoria;. 

Tliese  processes  consist  in  exposing  the 
ore,  generally  mixed  willi  fluxes,  to  the 
action  of  carbon  at  a  lilirli  temperature  in 
furnaces,  urged  by  bellows,  liciioe  called 
blast  furnaces,  or  boiiK-linies  high  fur- 
naees. 

Tiie  heisrht  of  the  blast  furna<^'o  is  vcr\' 
vnrial>le  ;  some  V)L'iiiL^  only  ;;0  iV-i't  liii,'li 
iiielU'liniT  tiic  chimney,  wliile  others  have 
an  elevation  of  Go  leet.  Tlicse  extreme 
limits  arc  very  rare  :  so  that  the  irrcater 
Kirt  of  the  fiirnaees  are  from  4'  t')  .■)'»  tVet 
ligh.  They  are  jJl  terminatcil,  by  a  cyl- 
indrical chimney  of  iVoin  >i  to  12  feet 
IoU'Jt;  boiuL'  about  one  titlh  of  the  total 
heiy:lit  (»f  the  t'lirnaco.  Tliu  inside  «li.nne- 
tcr  of  this  chimney  is  the  satm*  as  that  of 
the  throat  or  mouth  ;  and  \arii-s  tVom  4 
to  6  lei't.  The  ehinnu'V  is  frequently 
formed  of  a  siuirle  course  (»f  brirks,  and 
ae<|uires  solidity  from  its  hoop-t  of  iron, 
BO  thickly  placed  that  one  half  of  the  sur- 
face is  ot'ien  covered  with  them.  At  its 
lower  end,  the  mouth  jiresentsone  or  two 
reetanLTular  ojK'uinirs.  llirouirh  wiiieh  tlie 
charire  is  iriven.  It  is  Imilt  on  a  b.i->e- 
ment  circle  of  c;ist-iroii.  which  f  >rni-.  tlic 
cirouinterenec  of  the  throat  ;  and  a  slop- 
in;;  plate  of  east  iron  i^  so  placed  as  to 
make  the  materials  slide  over  into  the 
furnace,  as  siiown  in  tlie  fitrurc. 
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The  inside  of  the  Hast  famaoes  of  8ta^ 
fordshiro  is  moat  fVequcntly  of  a  circular 
form,  except  the  hearth  and  working 
area.  The  inner  space  is  divided  into 
four  portions,  different  in  their  fonns, 
and  the  functions  which  they  fulfil  in  the 
smelting  of  the  ore. 

The  undennost,  called  the  hearth,  or 
crucible,  in  which  the  cast-iron  collects, 
is  a  right  rectangnlar  prism,  elongated  in 
a  line  perpendicular  to  the  axes  of  the 
tuyt^res.  The  sides  of  the  hearth  consist 
in  general  of  refractory  sandstone  (lire- 
stone),  obtained  mostly  from  the  bed  of 
the  coal  basin,  called  milUtoiu  grit  •  nnd 
the  bottom  of  the  hearth  is  formed  of  a 
laj:ge  block  of  the  same  nature,  laid  on  a 
cast-iron  plate.  In  this  country  it  is 
chiefly  a  mica  slate,  or  gneiss  rock,  con- 
taining a  large  mixture  of  quartz. 

The  second  portion  is  also  made  of  the 
same  refractory  grit  stone.  It  has  the 
form  of  a  quadrangular  pyramidal,  ap- 
proach! njj  considerably  to  a  prism,  from 
the  smallncss  of  the  angle  included  be- 
tween the  sides  and  the  axis. 

The  third  portion,  or  lower  body  of  the 
furnace,  is  conical,  but  hero  the  mterior 
space  suddenly  expands;  the  slope  out- 
wards at  this  part  seems  to  have  a  great 
influence  on  the  quality  of  the  ca-st-iron 
obtainc«l  from  the  furnace.  When  No.  2 
of  the  blackest  kind  is  wanted  for  ca»<t- 
iuirs,  the  inclination  of  this  cavity  of  the 
furnace  is  in  general  less  considerable 
than  when  No.  "2  cast-iron  for  conversion 
into  bar-iron  is  required.  The  inclina- 
tion of  this  conical  chainbcr,  called  the 
Implies,  varies  from  ^"^o  to  60  dcflrrees  with 
the  horizon.  The  diameter  of  this  part  is 
equal  to  that  of  the  bellv,  and  is  from  11 
to  18  feet.  The  boshes  are  built  ot 
masonry,  as  shown  in  the  following  fig- 
ure. 

The  fourth  part,  which  constitutes 
aV)out  two  thirds  of  the  height  of  the  fur- 
nace from  the  base  of  the  hearth  up  to 
the  thn^at,  presents  the  fii^ure  of  a  sur- 
fai'C  of  revolution,  generated  by  a  curve 
wlio-<c  concavity  is  turned  tov.-ards  the 
axis  of  the  furnace,  and  whose  la-^^t  tan- 
L'ent  towards  the  bottom  is  almost  verti- 
cil. This  surface  is  sloped  off  with  that 
of  the  boshes,  so  that  no  sharp  auLrlc  may 
exist  at  the  belly.  In  some  furnaces  of 
considerable  dimensions,  lu*  in  that  with 
three  tuyeres,  this  portion  of  the  furnace 
is  cvlindrical  for  a  certain  heiL'ht. 

The  conical  orifice  called  the  tuyere,  in 
which  the  tapered  pij.es  are  placed,  tor 
I  impariiuLT  the  blast,  is  seen  near  the  bot- 
tom of  ih(!  furnace, /7'  ^^j  ^^  ^-     ^^^w 
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of  the  mwn  blasNpipe.  UnJer  a  is  the 
botloni  ofthe  lieanh,  whicli,  in  lurife  fiir- 
u»«s.  may  be  two  feet  i-qiiare.  B  in  the 
top  of  tlia  heanli,  sboiU  two  I'eet  nix  in- 
oho,  squiire.  a  b  in  tlic  heiftlit  of  the 
heir'h,  nbonl  nii  foci  i>ix  IiicIick.  b  Hltaws 
the  round  bottom  of  the  i-onical  or  funnel 
put,  callod  Id  this  country  tlio  t-Hlitt, 


ixihe  topotth 
ma;  be  abonc  IS  feet  in  i 
IWt  In   perpendicular  |j( 


Vni 


which 


i^lil.^   1 


rharfffl.  It 
The  line  between  c,  D,  is  tlic  lieitrlit  of 
the  inleniBi  caviiv  of  the  himii™,  frnrii 
the  top  of  the  boshes  nnwunb,  jiipponcd 
to  be  ^  feet.  *,  d,  i»  tlie  toul  lii-Vht  of 
the  interior  of  the  fnrnuec,  reckoned  nt 
Ml  feet.  E  E  i>  the  lininjt,  wliich  in  built 
In  the  nicest  manner  with  tlio  bc»t  flrc- 
bricke,  from  IS  to  14  Incliei  Xang,  8  inches 
thick,  and  carved  to  anit  the  circle  oftho 
cone.  A  momcv  of  3  incho*  wMe  la  left 
ail  raand  llie  oiitAiile  oftiieflrHtlimiiirby 
the  builder;  which  U  somelimoa  Hlled 
with  rokc  dunt,  but  more  penemllv  wilh 
wind  flnnly  r»iTmica._   Tlila  void  a|iace  in 

nnnion  wCVi'^iVht 


in  the 


oflhe  biiildinc,  or  by  Mie  prt^xure  nn< 
weight  .iftlio  niBlori.iln  when  dc«cciidiii 
to  the  bjltom  of  the  furnsM.   Kxtcrior  t 


REisBBCoond  lining  offire-brickB  fliml- 
lar  to  the  first.  At  r,  on  either  »ide.  is  a 
cast-iron  lintel,  81  feet  long,  by  10  incliOB 
aqaare,  upon  which  the-  bottom  of  tiie 
■rcbee  i»  aupponed.    w,  a,  is  tlio  rlae  ot 

hiili  u|>an  tlie  outside,  and  18  feet  Ivide. 

the  hearth,  upon  each  xide  of  a,  niny  be 
10  feet  eqaare.  Tliia  part  und  the  bosh- 
ing Blflnes  ara  preferably  tnade  from  a 
coarse  sandilone  irtit,  conlaiuine  laif* 
rounded  trains  of  quarl^  uuited  by  a 

The  bkiwinz  ninohities  employed  in 
Stalfordshiro  are  generally  cusl-iroa  cyl- 

HCtlv  fltl«<i  as  for  a  steam  anriiie,  and 
maJe  in  the  fanieway.  Towards  the  lop 
and  botloin  of  the  bloning  cylindcni,  ori- 
fices are  left  covered  with  x^ve^s  which 
open  iriAide  when  the  vacuum  is  made 
with  the  cylinders,  and  adorwarda  aliuC 
hv  their  own  weiffbt-   Adjutages  conduct 

pelleJ  by  the  piston,  both  i'n  its  a>ccnt 
and    deitcenl;     because    tlie«e    blowing 


ehflrtrina  it,  ut  llio  openinit  in  tlie  tlirou 
whenever  there  is  a  suBlcient  enipi 
spucri;  the  only  rule  belli;  to  keep  tl 


ore  brought  forward' 


1  of  pie 


ic  biwt  is  * 


re  procnrwl. 
:d  uurinjt  tlie 


_ ._  _  _  .;:xs 

i^aiivertcd  into  tiar  iron,  or  to  bo  ca«t 
SLiiin  into  moulds.  Ib  run  into  smnll  pioB 

ing  each  about  two  bundreil  weight  and  a 

The  disorient  to  which  lilaBt  fiirnncea 

flaff  or  KixiriB"  is  the  t^urci-t  tci»t  of  these 
dcranecuiciiTa.  as  it  iuilicateti  the  quality 
of  the  pnHlnct«.     If  the  llirnncc  is  j  icld- 

llio  -liiif  liBH  n  iiiiironn  viirili.iiUon.  and 

ore  is  incrcaacil  ic  order  (o  obtain  a  gray 
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pig  iron,  fit  for  fabrication  into  bar«,  the 
sla^  is  opaque,  dnil,  and  of  a  greonish- 

iellow  tint,  with  blue  enamelled  zones, 
•aatly,  when  the  furnace  is  producingr  & 
white  mettil,  the  slags  are  black,  glassy, 
fall  of  babbles,  and  emit  an  odor  of  sul- 
phureted  hydrogen.  The  scoriie  from  a 
coke  are  much  more  loaded  with  lime 
than  those  from  a  charcoal  blast  furnace. 
This  excess  of  lime  appears  adapted  to 
absorb  and  carry  off  the  sulphur,  which 
would  otherwise  injure  the  Quality  of  the 
iron.  The  slags,  when  breathed  on,  emit 
an  argillaceous  odor. 

A  blast  furnace  of  50  or  60  feet  in 
height  (fives  commonly  from  60  to  70  tons 
of  cast-iron  per  week ;  one  from  50  to  55 
feet  high,  gives  60  tons  ;  two  united  of  45 
feet  produce  toarether  100  tons;  and  one 
of  36  feet  furnishes  from  80  to  40.  A 
blast  furnace  should  go  for  four  or  five 
years  without  needing  restoration.  From 
8i  to  4  tons  of  coal,  inclusive  of  the  coal 
of  calcination,  are  required  in  St^itford- 
shire  to  obtain  one  ton  of  cast-iron  :  and 
the  expense  in  workmen's  waives  is  about 
15  shillings  British  on  that  quantity. 

Heated  air  is  a^>plied  in  some'  iron- 
works. Where  this  method  of  workin^r 
the  ore  has  been  introduced,  the  air  is 
blown  by  cylinder-bellows  in  the  usual 
manner,  but  before  entcrina:  the  snielt- 
ing-furnace  it  passes  through  pipes  of 
cast-iron,  heated  to  redness,  which  are  \ 
altogether  about  thirty  foot  in  length  and 
three  feet  in  <liamctcr.  Thoy  are  usually 
made  in  three  or  four  pieces,  joined 
to«:ether  by  apertures  cori>i(leral>ly  less 
than  three  feet  in  diameter,  and  placed 
horizontally,  or  in  whatever  inaiHier  tiie 
loc4il  arrangements  about  the  furnace  inav 
render  most  convenient.  A  brit-k  arch 
is  then  thrown  round  tlio  pipes,  leuvinL' 
a  free  space  of  about  cijrht  ineiien,  and 
upwards,  between  it  and  them,  and  two 
or  more  furnaces  constructed,  so  an  to 
heat  the  pipes  in  the  arclnvay,  the  Hues 
playing  into  it,  and  terminatinir  in  a  com-  | 
mon  vent  at  the  farther  extremity,  Tiiey  \ 
may  be  considered,  therefore,  as  jdaced 
on  the  floor  of  a  louij  and  narrmv  rever- 
beratory  furnace,  about  six  feet  lii£rli,and 
nearly  of  the  same  hrearlth,  bcinir  at  the  j 
same  time  ]>rotected  by  tire-bri<ks,  when 
they  miffht  be  injurt-d  by  tiie  direct  llame 
of  the  furnaces.  The  iron  ore  is  smelted, 
aocordiiier  to  this  phm,  witli  little  nu^re 
than  half  the  c<^»al  nect'ss;iry  when  the 
furnaces  are  worked  with  air  in  the  usual 
manner;  the  small  coal,  which  i-<  soM  at 
an  in|cri(»r  price,  is  tbund  quite  sullicicnt 
for  heating  the  pi{>cs. 


The  nnmber  of  chaiffos  in  BnffUsh  far- 
naccB,  given  in  12  hours,  is  different,  in 
different  furnaces,  being  20,  25,  and  even 
up  to  40 ;  80  is  an  average.  Each  change 
is  composed  of  from  5  to  6  cwt«.  of  coke 
(or  now  of  8  to  4  cwts.  of  coal  with  the 
hot  blast) ;  3,  4,  and  sometimes  6  cwts. 
of  the  roasted  mine,  according  to  its 
richness  and  the  quality  of  cast  iron 
wanted  ;  the  limestone  fiux  is  usually  one 
third  of  the  weight  of  the  roasted  iron 
stone.  There  are  2  casts  in  24  hours ; 
one  at  6  in  the  morning,  and  another  at 
6  in  the  evening. 

According  to  M.  Berthier's  analysis,  the 
slag  or  cinder  of  Dowlais  furnace  consists 
of  silica,  40*4;  lime,  88*4;  magnesia,  5*2; 
alumina,  11*2;  nrotoxyde  of  iron,  8-8; 
and  a  trace  of  sulphur.  Re  says  that  the 
silica  contains  as  much  oxygen  as  all  the 
other  buses  united;  or  is  equivalent  to 
them  in  saturating  power;  and  to  the 
excess  of  lime  he  ascribes  the  freedom 
from  sulphur,  and  the  good  quality  of 
the  iron  produced.  The  specimen  ex- 
amined was  ft-om  a  furnace  at  Merthyr- 
Tydvil.  Other  slabs  from  the  same  fur- 
nace, and  one  from  Dudley,  furnished 
upwards  of  2  per  cent  of*  manganese. 
Those  which  he  analyzed  from  Saint 
Etienne,  in  France,  afforded  about  1  per 
cent,  of  sulphur. 

As  the   Ignition  in  the  blast  furnace 
proceeds,  and  the  blast  let  on,  the  metal 
in  the  ore  parts  with  its  oxygen,  and  sub- 
sides to  the  bottom  of  the'  furnace,  cov- 
ered with  a  melted  slag.     This  last  is  oc- 
casionally allowed  to  tiow  off,  by  opening 
some  of  the  side  holes  which  were  stop- 
ped with  elay,  and  when  the  bottom  of 
the  furiuu'c  becomes  charged  with  metal, 
which  it  does  after  five  or  six  hours,  the 
iron  itself  is  disehanjed,  by  one  of  these 
openiiiirs,  into  a  pit  of  sand  mixed  wiili 
clay.     As  soon  as  the  iron  is  poured  out, 
the  hole  is  closed,  and  the  furnace  isi'lil' 
kept  at  work,  and  szoes  on  reducing  irou 
for  six  montlis.     The  flux  enipl"vcd  to 
assist  the  fusion  of  the  ore,  by  vitrifvmg 
the  eartlis  aforesaid  with   iron,  i^  hm<^' 
srone  of  the  best  ouality  ;    very  lately,  it 
has  been  proposed  to  use  caustic  lime,  or 
tliat  whi'-h  has  been  burned,  instead  ol 
the  crude  limotone.     It  is  said  to  pro- 
<lu'e  aneconomv  of  I'uel.  , 

The  iron  which  hsis  run  out  from  tnc 
furnace,  is  cist  iron,  or  iron  with  carhon 


intcrniinL'h'd    with  it,  sometnuc;* 
extent  of  ',  per  cent.     It  ha-*  «  ^' 
.T.iin,  and  is  verv  brittle.     The  niou 
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u'hich  "tl\c  "metal    flows,' is  "of  tt  longi^jj 
shape,  having  prtgecting  offsets  on  ea<- 
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tide,  which,  from  some  fancied  resem- 
blance to  a  sow  and  her  litter,  has  been 
called  pi^  iron. 

To  convert  this  pig  or  crude  iron  into 
bar  iron,  it  has  to  do  reined.  Tliis  con- 
siHts  in  placing  it  in  a  furnace,  like  a 
smith's  forge,  or  hearth,  with  a  sloping 
cavity  sunk  a  foot  below  the  blast  pipe. 

In*  the  flnerv  process,  the  heartn  or 
crucible  of  the  /umace  is  filled  with  coke  ; 
then  six  pigs  of  cast  iron  are  laid  hori- 
zontally on  the  hearth,  namely,  four  of 
them  ]>arallcl  to  the  four  sides,  and  two 
in  the  middle  above ;  and  the  whole  is 
eovered  up  in  a  dome-form,  with  a  heap 
of  coke.  The  fire  is  now  lighted,  and  in 
a  quarter  of  an  hour  the  blast  is  applied. 
The  cast  iron  flows  down  gradually,  and 
collects  in  the  crucible  ;  more  coke  being 
added  as  the  first  quantity  burns  away. 
The  operation  proceeds  by  itself;  the 
meltedf  metal  is  not  stirred  about,  ns  in 
some  modes  of  refinery,  and  the  temper- 
ature is  always  kept  high  enough  to  pre- 
serve the  metal  liquid.  During  this 
stage  the  coals  are  observed  continually 
heaving  up,  a  movement  due,  in  part, 
to  the  action  of  the  blast,  and  in  part  to 
an  expansion  caused  in  the  metal  uy  the 
discharge  of  gaseous  oxyde  of  carbon. 
When  dl  the  pig  iron  is  collected  at  the 
bottom  of  the  nearth,  which  happens 
commonly  at  the  end  of  two  hours,  or 
two  and  a  half,  the  tap-hole  is  opened, 
and  the  ^ne  metal  flows  out  with  the 
slag,  into  the  loam-coated  pit,  on  a  j^late 
10  feet  long,  and  8  broad,  and  from  2 
inches  to  24  thick.  A  portion  of  the 
slajj  forms  a  small  crust  on  the  surfucc 
of  the  metal ;  but  most  part  of  it  oollects 
in  a  basin  scooped  out  at  the  bott«»tti  of 
the  pit,  into  which  the  fine  metal  is  run. 

A  large  quantity  of  water  is  thrown  on 
the  meUil,  with  the  view  of  rcndtriii^'  it 
brittle,  and  perhaps  of  partially  oxydiz- 
ing  it.  This  metal,  suddenly  cooled,  is 
very  white,  and  possesses  in  general  a 
fibrous  radiated  texture  ;  or  sonutiines  a 
cellular,  including  a  considerable  number 
of  small  spherical  cavities,  like  a  decom- 
posed amygdaloid  rock.  If  the  ca^t  iron 
De  of  bad  qualitv,  a  little  limestone  is  oc- 
casionally used  in  the  above  operation. 

Three  samples  of  cinder,  analyzed  by 
Berthier,  gave  : 

1.  Silica,  0-276  ;  protox.  of  iron,  0-612; 
alumina,  0-040  ;  phosp.  acid,  0072,  Dud- 
ley. 

2.  Silica,  0-36S;  protox.  of  iron,  0-610  ; 
alumina,  0-01  Tj;  puddling  of  Dowlais. 

8.  Silica,  0-424;  protox.  of  iron,  0-520  ; 
alumina,  ()'0'<V6\  puddling  of  Dowlais. 


The  remarkable  fact  of  the  presence  ot 
phosphoric  acid,  shows  how  important 
this  operation  is  to  the  purification  of  the 
iron.  The  charge  varies  fVom  a  ton  and 
a  quarter  to  a  ton  and  a  half  of  pigs  ;  and 
the  loss  by  the  process  varies  from  12  to 
17  per  cent. 

The  fine  metal  thus  obtained  is  broken 
in  pieces,  and  sent  to  the  puddling  fur- 
nace. Tliis  is  a  reverberatory  furnace, 
which  is  charged  by  shovelling  in  the 
fine  metal,  and  laying  it  all  round  the 
sides  of  the  ^artli,  raismg  the  heap  to  the 
roof;  the  middle  of  the  hearth  is  left  clear. 
The  fuel  is  then  placed  in  the  grate,  and 
the  doors  closea;  in  20  minutes  the 
metal  becomes  white,  melts,  and  fulls  in 
drops  to  the  sole  of  tlie  furnace :  the  fire 
is  then  gradually  checked,  and  the  pieces 
separated  so  that  the  whole  may  not  be- 
come too  fluid,  but  remain  as  a  pasty 
mass  -  as  the  heat  is  continued  and  stir- 
red, tlic  mass  gets  drier,  and  carbonic  ox- 
ide, which  at  first  was  freely  given,  now 
gradually  lessens,  and  ultimately  ceases. 

The  workman,  with  his  paddle,  now 
works  the  mass  into  lumps  or  balls  of 
70  lbs.  weight.  The  balls  are  lifted  out, 
and  are  fit  for  being  hammered.  The 
whole  object  of  the  puddling  has  been  to 
remove  the  carbon  out  of  the  iron,  to 
which  its  fluidity  was  due  ;  as  the  carbon 
c»eape^^,  the  fusibility  of  the  mass  di- 
minitshes. 

The  puddled  balls  have  now  to  under- 
go the  next  process,  which  is  that  cf  ham- 
mering or  condensing  the  fibres,  of  weld- 
ing them,  and  giving  the  mass  the  form 
of  a  lar. 

In  England  there  are  employed  for  the 
forging  and  drawing  out  of  the  iron,  cast- 
iron  hanmicrs  of  ffre^it  weight,  and  cj'lin- 
ders  of  ditfercnt  dimensions,  for  beating 
out  the  balls,  or  extending  the  iron  bars. 
as  also  j)Owerful  shears.  These  several 
mechanisms  are  moved  either  by  a  steam 
enffine,  as  in  Staflbrdshire,  and  in  almost 
all  the  other  counties  of  England,  or  by 
water-wheels  when  the  localities  are  fa- 
vorable, as  in  many  establishments  in 
South  Wales.  We  shall  here  ofler  some 
details  concerning  these  machines. 

The  main  driving  shaft  usually  carries 
at  either  end  a  large  toothed  wheel,  which 
communicates  motion  to  the  difterent 
machines  through  smaller  toothed  wlicels. 
Of  these,  there  are  conmionly  six,  fourof 
wliioh  drive  four  dirf'erent  liystems  of 
cylinders,  and  the  two  others  work  the 
hammer  and  the  shears.  The  difl'erent 
cylinders  of  an  iron  work  should  never 
be   placed  on  the  same    arbor,  because 
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they  are  not  to  moTe  togrether,  and  they 
must  have  different  velocitie.^^  according 
to  their  diameter.  In  order  to  economize 
time  and  facilitate  labor,  care  is  taken  to 
associate  on  one  side  of  the  motive  ma- 
dhmo  the  hammer,  the  shears,  and  the 
redacing  cylinders;  and,  on  the  other 
side  to  place  the  several  s^Rtems  of  cylin- 
ders for  drawing  out  the  iron  into  oars. 
For  the  same  reason  the  puddling  fhr- 
naccs  ought  to  be  grouped  on  the  side  of 
/the  hammer ;  and  the  reheating  fiimaoes 
\on  the  other  side  of  the  works. 

The  hammers  are  made  entirely  of  cast- 
iron  ;  they  are  nearly  10  feet  long,  and 
consist  usuiilly  of  two  parts,  the  helve 
and  the  head  or  pane.  The  latter  enters 
with  friction  into  the  former,  and  is  re- 
tained in  its  place  by  wedges  of  iron  or 
wood.  The  head  consists  of  several  faces 
or  planes  receding  from  each  other ;  for 
the  purpose  of  giving  different  forms  to 
the  ball  lumps.  A  ring  of  cast-iron  call- 
ed the  can^ring  bag^  bearing  movable 
cams,  drives  the  hammer,  by  litling  it 
up  round  its  fulcrum,  and  then  letting  it 
fall  alternately.  In  one  iron  work,  this 
rin^  was  found  to  be  3  feet  in  diameter, 
18  mches  thick,  and  to  weigh  4  tons.  The 
weight  of  the  helve  (handle)  of  the  cor- 
responding hammer  was  3  tons  and  a 
halt,  and  that  of  the  head  of  the  hammer, 
8  hundred  weight. 

The  anvil  coni;*ists  also  of  two  parts ; 
the  one  called  the  pane  of  the  anvil,  is 
the  counterpart  of  the  pane  of  the  ham- 
mer;  it  likewise  weiifhs  olLrlit  hundred 
weight.  The  second,  named  the  stock  of 
the  anvil,  weiifhs  4  tuns.  Its  lbr»n  is  a 
paralleloi»ii>ed,  with  the  o<lj,'cs  roiuided. 
The  bUxnn  or  rough  ball,  from  the  puddle 
furnace,  is  laid  and  turned  about  noon 
it,  by  means  of  a  rod  of  iron  welded  to 
each  of  them,  called  vl  jxtrU^r.  Since  the 
weight  of  the>e  pieces  is  very  grcut,  and 
the  shocks  very  considerable*  the  utmost 
precautions  should  be  taken  in  setting 
the  haunncr  and  its  anvil  upon  a  sub- 
stantial mass  of  masonry,  as  stiown  in  the 
figure,  over  which  is  laid  a  douiile,  or 
even  quudruple  floorinnr  of  wood,  formed 
of  beams  placed  in  transverse  liivers  cl<«se 
to  each  other.  t>uch  beams  nl»ssess  an 
elastic  force,  and  thereby  piirtiully  destroy 
the  injurious  reaction  of  the  sliock.  lii 
some  works,  a  six-feet  cube  of  east  iron  is 
placed  as  a  pedestal  to  the  anvil. 

Forge  hammers  arc  very  frequentlv 
mounted  as  levers  of  the  first  kin<l,  with 
the  centre  of  motion  about  one  third  or 
one  fourth  the  length  of  the  helve  from 
the  cam  wheel. 


When  well  hammered  by  these  trip 
hammers,  the  mass  is  made  to  pass  bc^ 
twcen  grooved  cylinders,  which  preas 
it  into  the  bar  shape ;  as  it  emerges  from 
the  cylinders  it  is  cut  with  a  shears  mto 
shorter  lengths. 

Such  is  a  rough  outline  of  the  mode  of 
obtainingjbar  or  wrought  iron,  as  prao- 
tised  in  England.  In  France,  and  the 
south  of  Europe,  as  w^U  as  in  many 
places  in  this  country,  it  is  differentlj 
conducted. 

Malleable  iron  is  frequently  obtained 
direct  from  the  ores  by  one  flision,  when 
the  metallic  oxide  is  not  too  much  contar- 
minated  with  foreign  substances;   this 
mode,  which  is  allowed  to  be  much  mors 
economical  than  the  one  described,  as  it 
saves  time  and  combustibles,  has  for  % 
long  period  been  employed  in  Catalonia, 
in   the  Pyrenees,  from   which  circum- 
stances it*  is  called  the  method  of  the 
Catalan  forge.    Those  ores,  best  adapted 
to  its  treatment,  are  the  pure  black  ox- 
ide, red  and  brown  oxide,  and  carbonate 
of  iron  ;  to  extract  the  metal  ftr>m  which, 
it  is  sufficient  to  expose  them  to  a  high 
temperature  in  contact  with  charcoal  or 
carbonaceous  giises.      The  furnace  em- 
ployed  is  similar  to  the  refining  forge 
previouslv  described.    The  crucible  is  a 
semicircular  or  oblong  basin,   18  inches 
diameter,  and  8  or  10  deep,  excavated  in 
an  area  or  small  elevation  of  masonry 
8  or  10  feet  long,  by  6  broad,  and  covered 
in  with  a  chimnev.    The  tnvcres  stimd  5 
or  6  inches  above  the  basin,  and  have  a 
slii^ht   inclination   downwards,  and    the 
blast  is  given  by  a  water  blowimr  machine. 
The  first  step  consists  in  expelling  the 
water  combined  with  oxide,  as  well  as 
tlic  sulphur  and  arsenic.      When  those 
combinations  are  present,  this  is  done  as 
usually  by  roasting  in  the  air.    The  roast- 
ed ore  is  crushed  lo  a  fine  powder,  and 
thrown  by  the  shovel  at  intervals  on  the 
charcoal  tire  of  the  hearth  ;  the  side  sand 
bottom  of  the  basin  being  }>rcviously  lined 
witli   two    or  three    bnisgues    (coats    of 
I)ounded  cliarcoal).     It  gra«lually  sottens 
and  unites  into  lumps,  more  or  less  co- 
herent, which  finally  melt  and  accumu- 
late in  the  bottom  of  the  crucible  or  biu-in, 
and  a  thin  slair  is  occasionally  let  off  from 
the   U]tj»er  surf  ice  of  the  melted  iron  by 
tlie  holes,  which  can  be  opened  at  discre- 
tion.    The  melted  iron  preserves  a  pasty 
condition,  owini;  to  the  heat  communi- 
cated from  above,  and  when  a  niasssulfi- 
ciently  larL'c  is  accumulated,  it  is  remov- 
ed, I'Ut  under  the   hammer,  and  forired 
at  once.     A  lumj)  or  blo»>m  of  malleable 
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iron  ii  thiu  prodaaid  Id  three  or  foar 
honre.  The  iron  ii  eenendly  soft,  very 
nullnble,  uid  a  JittJe  »teely.  Four  «ork- 
mcD  are  employed  b[  odd  toTgc,  uQil  by  a 
relief  every  aix  haura,  tliey  can  make  86 
cwt.  of  iron  per  week.  ITO  pounds  of  iron 
are  obtuned,  in  thin  forgo,  lYom  ROD 
Iba.  of  ore.  This  proceei,  geiiemll!^  call pd 
Harmiag,  ia  one  now  iacreiming  in  this 

Ur.  W.  LjnunflntpntinUieaavsBfbl 
openrtion  it  V<Mt.i\\W..  Ph..  in  isao,  a 
fiinuuA  for  AincUink''  iri^it  ^v  anIliniciiG 
with  tlie    hot    blru-r.     tii   !-J»,    Mesi 
Biddle,  Chambers  .t  i'...    ,11,1  the  ss 
at  Danaville,  Pa.,  and  ,.|liiy.  i^llowed. 

Anthracite  coal  is  ti"W  ,jIvbvs  u 
with  hoi  air  In  snidtmi;,  itihl  the  pi 
dlinjr  ia  performL-d  hv  li,iiii,.ld'a  pate 
—■li  ignited  p--      ^-  *'  -'  ■■'"'■■ — 
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aheet  of  fire,  and  in  a  lew  minntM  tha 
ball  ia  withdrawn  and  pat  under  the 
hiinmer  to  put  it  in  Bba]>e,  which  con- 
cludes the  protons. 

Mr.  Wall,  of  liliigluid,  haa  patented  a 
propesa  for  remoTiDg  the  phosphorus  out 
of  irou.  The  proceas  coiiaiels  of  two 
part! ;  first,  in  adding  ccrtaia  subetancea 

I  Sad,  in  applying  electridly  to  the  inetal 
I  while  m  a  stale  of  I'uaion,  and  dnring  ila 
I  cooling.  In  lurrying  ont  (he  first  pan, 
I  two  coinpounda  art  made  use  of,  [enned 
,  A  and  B. 

The  compound  A  is  formed  by  mix- 


nv   V,.r 


iif  the  blift  i 
ci'tieat,  Now 


In  184S,  I'linli,..  and  Yj^^ci  Co.,  N.Y., 
produced  18,0.iO_1un«  of  irmi.    The  whole 

nuled  at  81B,lO0  lom  =  H\.7H,eV).  In 
Mew-York,  Ih*  minea  ..f  lluli-iiess  mid 
ColumWa  Co.  jield  Klj.HOD  tr.iisnniinallv; 
Eescx  Co,  l,EOn  Ions,  Clinton  8,0iii), 
Fmnklin     SOT  ;      !?[.     Lnivri'Lco    a,Oii|>, 

»5(i0,000.  In  Ohio  1200  aqnare  niilca  arc 
underlaid  with  iron,  and  culciilated  lo 
contain  l,0)t<i,(H>a,Oai)lons.  InTcnnoMca 
lUO.iHM  tons  arc  man n fact iired  yvarlv. 

The  following  is  the  process  rei'entty 
adopted  by  Mr.  Alcxaiiilcr  Dichton,  of 
Newark. 

"  The  Are  la  placed  at  Ihc  «nd,  nndcr  a 
horiionlal  bed  of  fire-brick  some  twelve 
or  fifteen  feet  in  length — the  fire  pmuitig 
through  to  tha  other  ell  rutiiltf.  Iiithpcen- 
tre,  and  over  the  bed.  is  erected  a  donblo 
cylinder,  whieh  is  Hllcil  with  cnvliedoro 
and  pulverized  onthradlo  coal.  The  in- 
tense fianio  surrounds  the  cylinder,  and 

impurities  with  the  presei 


ETcn  and  all  riilier 


pheric  air.    Being  Ihua  prcnared,  the  c 

graduBll;   melts  anit   dcM-enila   to   t 
hearth,  where  it  Hmt  wn-ies  in  cotiti 


:h  the  fire,  which  dcotroya  the 
der  of  the  pulveriied  coal  by  Ih-nupiit 


atirTin(r>  and  the  Ii 
formed.    From  t!  ' 


llhnsi. 
IB  HnfficienlJy  cooled  it 
is  niude  into  bulls  o(  about  five  pounds 
wcii^ht  each  j  and  in  uaing  them  these 
balls  aro  thrown  in  the  mclling-faniaee 
on  tho  surfuea  of  Ihe  fused  molal,  in  the 
proportion  of  one  of  the  bulls  I 


of  common  salt  and  live  port*  of  rt 
turpentine,  or  other  carbonuceoiu  ma 
ami  nuiking  lliia  also  intrj  bulls  of  a1 
five  poun>ls  each,  and  throwing  Ihesi 


the  inula],  after  itie  coni|>ound  A  haa 
been  cinploved.  In  carrying  ont  thcaec- 
ond  part,  a  battery  ia  employed,  consist- 
ing of  pluliiium  and  zinc  platca,  coiitain- 
iug  right  pain,  fl  inches  bv  ^  of  acttvs 
surfaec,  in  separate  cells  or  dilute  sdI- 
pliiiric  and  strong  nitric  add,  arranged 

(i ro^-o'8 battery,  'v  KI  [lairaof  anino  sized 
piatea,  arrunttcU  in  tlic  manner  coninionlj 
known  m  Stiivo's  !iatlery,  which  givesuf- 
fiveiit  eleelricily  for  all  general  purpoacs. 
In  spiilviiiK  Ihe  olcetriu  current  a  rod  of 
iron  is  iiiserled  Inio  cncli  extremity  of 


vcHienl.     Tli«_    _ _   ._ 

iron  are  connected  with  the  two  poles  of 
the  Imttery  respectively  ;  and  when  llio 
inelteil  metal  is  poured  into  the  iiiuiild, 

tricitv  will  iiintinui-  to  trui  erne  it  aa  long 
as  the  e<iuiu-eti,«i  with  the  i"iles  of  the 
hatterv  rpiiniiiis  inihroken.  The  current 
sh,m1.\  W  kept  up  f»r  a  nmHirlrniblc  lime 


I  iincr  th 


iielal 
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also  passes  an  electric  current  thronsfh 
the  fused  metal  while  in  the  rnrnace,  by 
insertiu!;^  a  rod  of  iron  in  the  lower  part 
of  the  furnace  so  as  to  be  in  contact  with 
the  metal,  which  rod  is  attached  to  one 
pole  of  the  battery,  while  another  rod  in 
connection  with  the  opposite  pole  is 
moved  by  the  openvtor  m  constant  con- 
tact with  the  melted  mass,  over  every 
part  of  the  surface,  thus  directing  the 
current  tlirouirli  every  portion  of  it. 

Overman,  in  his  worlc,  says,  "  Hydra- 
ted  Oxide  of  Iron,  Brown*  Oxide,  He- 
matite Bog  Ore,  should  all  bo  roasted, 
not  for  the  purpose  of  oxidation,  Vjut  to 
drive  off  the  acids,  and  destroy  the  sul- 
phurets  and  piiosphurots — all  ores  of  this 
class  contain  more  or  less  injurious  mat- 
ter. Sulphates  of  iron  should  bo  care- 
fully roasted,  so  should  phosjiliatcs,  with 
a  liberal  access  ot  air." 

The  more  carbon  that  is  present,  the 
greater  ditliculty  there  is  to  drive  otf  tiio 
phosphorus,  for  carbon  is  necessary  in 
every  case  to  produce  a  combination  of 
phosphorus  with  the  metal — the  proce:<8 
of  VVall,  tiieref'ire,  in  expellinix  the  oar- 
oon,  would  lead  to  infer  that  it  would  be 
most  suitable  for  the  removal  of  phos- 
phorus, and  sulphur  also. 

Mr.  Thompson,  of  Ne\vcastle-on-Tyne, 
Ensrland,  has  patented  an  improved  fur- 
nace. The  nature  of  the  inventicui  con- 
sists of  two  parts.  First,  the  construc- 
tion and  worKinsr  of  the  I'urnacc.  Sec- 
ond, the  applic-ition  of  the  jrasos  jrcnera- 
tcd  in  the  furnace  to  subsc'[Uent  useful 
pufftosos. 

The  bodv  of  the  furnace,  is  constru<'tod 
somewhat  in  the  orainarv  manner  ;  the 
top  of  it  is  of  a  dome  shape,  and  sur- 
mounted by  a  throat,  the  upper  end  of 
which  can  be  closed  by  iron  ])latc,  which  i> 
intended  to  tit  as  alr-tiLrht  as  pr.icticabK-, 
aiul  when  removed,  it  is  throuirli  this 
aperture  that  the  furnace  is  charj-cd. 
Ab(>ve  t)ie  di>tne,  an«l  arrumd  the  tliroat, 
is  the  circuhu'tunnel  orcliambcr:  itc'tm- 
mutiicates  by  the  apertures  or  short  flue-*, 
with  the  body  of  tiie  t'nrnace  in  the  upper 
part  of  the  dome;  from  this  tunnel,  upon 
opposite  sides  ot  the  lurna<-e,  proceed  | 
vertical  pipes  ;  these  arc  intended  to  carrv 
otf  the  iTiU'^es  ;  two  ste  im  jiipes  at  their 
lower  end-*  connnunieate  with  a  steam 
boiler  behind  the  turuacc,  t'roui  wliieh 
the  steam  is  supplied  :  the  ^team  ]ti]ies 
pns>*  U]»wards  into  the  centre  ot'tlie  ver- 
tical pipes,  and  their  ends  tenuinate  in  a 
numi)cr  (»f  >team  iets,  arraiiired  so  as  to 
pro  luce  the  be-»t  etreet>*  of  exhaust  ion  ;  the 
tuvers  an*  arnuiLrtd  in  the  usiial  manner 


and  intended  to  supply  air  to  the  famaoe 
by  draujTJit,  cither  m  a  cold  or  hot  state. 
The  oxhaast  pipes  are  about  eighteen 
inches  in  diameter,  and  the  diameter  of 
the  steam  pipes  is  about  four  inches.  The 
steam  jets  being  in  action,  they  cause  an 
e.xhaiisting  action  in  the  pipes,  thereby 
drawing  the  gases  generatea  iuthc  furnace 
through  the  short  flues  and  tunnel,  and  ef- 
fecting the  necessary  working  ot  the  fur- 
nace. The  lid  is  lifted  ft-om  its  seat  oc- 
casionally, for  the  purpose  of  charging 
the  furnaccf  but  this  is  to  be  done  as  sel- 
dom as  possible,  as  at  these  times  the  ex- 
hausting action  of  the  steam  jet^  is  to  be 
stopped,  and  the  consequent  working  of 
the  furnace  suspended.  This  method, 
therefore,  is  to  do  away  with  the  blower, 
and  use  exhaust  by  steam  as  a  substitute. 

Tlie  second  improvement  is,  the  em- 
ploying the  gases  generated  in  the  fur- 
nace, in  the  above  described  operation, 
to  subsequent  useful  purposes,  as  heating 
the  refiner.v  and  other  furnaces,  or  genera- 
ting steam  in  steam  boilers  ;  to  effect  this, 
the  vertical  pipes  are  dispensed  with,  and 
the  eases  generated  are  tarried  by  a  pipe 
tVom  tlie  tunnel  to  the  furnace  wnere 
they  are  to  be  employed.  The  steam  jets 
or  other  exhaustinj;  means  are  then  em- 
jiloyed  in  the  exit  or  chimney  from  this 
lurnace,  instead  of  the  smelting  furnace, 
as  above. 

The  followinof  is  the  comparative  power 
of  a  few  ditVerent  metals,  to  sustain 
weights  by  suspension,  according  to  Mr. 
Keiuiie's  experiments,  iu  bars  one  quar- 
ter of  an  incii  sc^uarc  : 

A  ra»t-iron  bnr.  hor.  siistained H^ 

A  <hun.  vertical   121^ 

A  r.'iNf  >toel  l.ar  i»rcviou.sly  tiltort ........  ^^^^ 

A  ]>listi'r-steel  bar.  reduced  by  hammering  ^^'^i 

A  sliear-«teel  har,  ditto  "977 

A  S\vcdi*ii   iron  ditto,  ditto ^^M 

An  Knu'li^li  Iron  ditto,  ditto ^;*]^ 

A  lianl  LMMi-metal  luir 22';i 

A  wroiii:lit-c(»[»iier  bar 2112 

A  oa>^t -copper  »litto H^- 

A  tliif  vcllow  brass  bar 1)'2^ 

A  ca>t-tin  t>iir **'"**^ 

A  eiL-^i-leiul  bar 1^* 


Sciciititii- American  : — 

It  a].).ears  that  out  of  T^i  counties  wliioh 
the  State  embraced  at  the  date  of  the  last 
report,  4'>  contain  iron  works,  and  y  or 
the  remainimr  17  contain  abundance  ol 
iron  and  coal — thouirh,  owing  to  the  ab- 
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Benoe  of  any  cheap  road  to  market,  they 
yet  reinain  nntonched — ^leavin^  only  8 
oounties  in  the  State  not  adapted  to  the 
manafiBMstnre  of  iron. 

There  are  904  blast  furnaces  and  bloom- 
erios  in  the  State,  with  an  invested  capi- 
tal of  $12,921,576  ;  their  present  capacity 
18  for  the  making  of  650,959  tons  per  an- 
num ;  in  1847,  they  made  889,350  tons ; 
in  1849,  253,370  tons ;  in  1850,  their  pro- 
bable make  is  estimated  at  198,813  tons. 
Of  the  above  furnaces  57  use  antliracite 
ooal;  have  a  capital  of  $3,221,000,  and  a 
iprescnt  capacitv  for  making  221,4(.»u  tons ; 
m  1847,  they  made  151,331  tons;  in  1849, 
109,168  tons,  and  the  estimated  product 
of  1850  is  81,851  tons.  The  lurnaces 
using  bituminous  cool  are  7  in  number, 
with  a  capital  of  $223,000,  and  a  present 
capacity  ror  makingr  12,6oo  tons.  In  1847, 
they  made  7,800  tons ;  in  1849,  4,900 
tons  ;  in  1850  the  make  will  probably  be 
8,900  tons,  tour  furnaces  utm  coke,  fiavc 
a  capital  of  $800,000,  and  a  present  ca- 
pacity for  makinfi:  12,600  tons,  per  an- 
num ;  in  1847,  they  made  10,0u0  tons. 
Eighty-five  are  charcoal  hot  bliust  furna- 
ces, with  an  investment  of  capitjj  of  $^,,- 
478,5^X>,  and  a  capacity  for  making  l^o,- 
705  tons  per  annum.  The  make  of  1S47 
was  94,619;  1849,  58,302;  in  1850,  it  will 
be  42,555.  The  charcoal  cold  bluHt  fur- 
naces number  145,  with  a  capital  of  $"),- 
170,876,  and  a  capacity  for  making  IT:},- 
654  tons  per  annnm.  The  make  of  1847, 
was  125,155-  1849,  80,655;  in  1850,  it 
will  be  70,727.  There  are  6  blooineries, 
with  a  capital  of  $28,700,  and  a  capacity 
for  nroducing  600  tons  per  annum.  Tlic 
proauct  for  1847  was  545 ;  1848,  8o."> ; 
probable  product  of  1850,  2h().  The  esti- 
mate for  1650,  is  obtained  l>y  deducting 
fVom  the  product  of  1849  tiic  unioimt 
made  by  such  furnaces  as  arc  now  idle. 
Of  the  298  furnaces  in  the  State,  149  or 
exactly  ooe-half  are  in  blast  this  vcar, 
and  of  these  about  one-third  are  maUinor 
no  preparations  to  blow  during  the  next 
year.  The  estimate  for  lsr>()  shows  a  tlo- 
crease  of  190,537  since  1847,  or  49  per 
cent,  in  three  years.  Should  there  be  no 
change  in  the  aspect  of  atluirs,  the  make 
of  1851  will  not  exceed  Uk.»,ooo  tons. 

The  number  of  forges  and  rolling  mills 
in  the  State  is  200,  with  a  capital  of  ;J;7,- 
680,500,  with  402  forge  fires,  and  436 
puddling  furnaces,  and  a  capacity  to 
make  224,65<)tons  per  annnm.  riicir  ac- 
tual make  for  1847  was  t>(»2,727  tons,  and 
1849,  136,853  tons.  Of  the  ahove  there 
are  121  charcoal  forges,  with  an  invest- 
ment of  capitiil  amounting  to  $2, "26, 300, 


These  forges  have  402  fires,  with  a  capa- 
city of  125  tons  per  fire,  per  annum,  or  a 
total  of  50,250  tons.  In  1847,  they  made 
89,997  tons,  and  in  1849,  28,49*5  tons. 
The  rolling  mills  number  79,  with  a  capi- 
tal of  $5,554,200.  They  contain  486  pud- 
dling furnaces,  which,  at  400  tons  per 
furnace,  gives  a  total  capacity  of  174,400 
tons  per  annum.  Their  make  in  1847, 
was  168,760  tons;  and  in  1849,  108,358 
tons. 

There  are  606  nail  machines  in  the 
State,  the  aimual  product  of  which  is 
606,000  kegs,  or  80,800  tons  ;  being  an 
average  of  1,000  kegs,  of  100  lbs.  each,  to 
a  single  machine.  There  are  18  works 
engaged  in  the  conversion  of  iron  into 
steel,  making  annually  6,078  tons.  Five 
of  these  works  are  in  Philadelphia,  six 
in  Pittsl>ur^,  one  in  Lancaster,  and  one 
in  York.  The  whole  number  of  iron 
works  in  the  State  is  504,  with  a  capital 
of  $20,502,076  invested  in  lands  and  ma- 
chinery, employing  inmiediately  80,108 
men,  and  13,5G2  horses,  besides  11,518 
laborers  not  in  the  pay  of  the  iron  nuis- 
ters,  but  directly  dependent  on  the  iron 
works  for  support ;  making  a  total  of  41.- 
616  men.  Allowing  five  persons  to  each 
laborer,  and  we  have  as  the  population 
dc{)cndcnt  on  the  iron  work,  208,080,  or 
about  one-tenth  of  the  population  of  the 
State. 

In  1^47,  the  consumption  of  fuel  in  all 
the  iron  works  of  the  State  was  483,000 
tons  of  anthracite  coal,  at  an  average 
value  of  $3  per  ton,  making  $1,448,000; 
9, 0(  17,000  bushels  of  bituminous  coal,  at  5 
cents  per  bushel,  making  $450,380 ;  and 
l,4lHi,252  cords  of  wood,  at  $2  per  cord, 
$2,9so,5(H.  Thus  giving  the  total  cost  of 
fuel  $4,879,884. 

To  show  how  cheaply  iron  is  obtained, 
and  how  the  mechanical  skill  and  labor 
expended  upon  it  totally  overshadow  the 
original  price,  u  numlier  of  the  British 
Quarterly  Heview,  of  1847,  gave  the  fol- 
lowing curious  and  instructive  calcula- 
tion : — 

Bur  iron  worth  £1  sterling  is  worth 
when  worked  into 

£       «. 

Horso-sliocR  2  10 

ThMo  knives 86    0 

NooiUor* 71     0 

IVnknifo  blado:* 6.%7    0 

I'olisliod  butlon5  and  biiokloH 897    0 

Buhiucc  si)rinss»  of  watches WJ,(XK)    0 

Cast  iron  worth  £1  sterling  is  worth 
when  converted  into 

£ 

Ordlnari'  inarhlnor>' 4 

I^rpor  ornnincntal  w«irk 45 
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Backles  and  Berlin  work £600 

Neck  chains I,as6 

Shift  buttons 6,896 

Thirty  -one  pounds  of  iron  have  been 
made  into  wire  upwards  of  111  miles  in 
length,  and  so  fine  was  the  fabric,  tliat  a 
part  was  converted,  in  lieu  of  horse  hair, 
mto  a  barrister's  wig.  The  process  fol- 
lowed to  effect  this  extraordinary  tenui- 
ty consists  of  heating  the  iron  and  pass- 
ing it  through  rollers  of  8  inches  diame- 
ter going  at  the  rate  of  400  revolutions 
per  minut«  down  to  No.  4  on  the  wire 
gauge.  It  is  afterwards  drawn  cold,  at 
Birmingham,  down  to  88  on   the  same 

f range,  and  ho  on  till  it  attains  the  above 
engtli  in  miles*. 

Of  the  quantity  of  iron  manufactured 
in  Great  Britain,  in  1848,  South  Wales 
produced  279 i  thousand  tons ;  Stafford- 
shire, 219i  ;  Shropshire,  81  i  :  Scotland, 
87*;  Yorkshire,  33;  Derbyshire,  224; 
and  North  Wales,  25. 

It  is  well  known  that  it  is  most  difficult 
to  keep  iron  from  oxidating  or  rusting  on 
the  surface ;  various  plans  have  been 
adopted  to  accomplish  tne  object  of  pro- 
tectmg  the  surface  even  in  a  slight  de- 
gree. Some  of  these  modes  consisted  in 
coating  the  surface ;  in  others,  it  extend- 
ed to  an  alloying  of  the  melted  mass. 
One  method  consists  in  the  addition  of 
pig  iron,  when  in  a  state  of  fusion,  of 
from  2  to  10  per  cent,  of  copper,  tin, 
nickel,  or  antimony,  by  which  addition, 
the  iron  is  rendered  more  malleable  and 
less  subject  to  oxidation.  A  second  me- 
thod consists  in  the  giving  to  the  iron  a 
coating  of  steel,  or  rather  a  species  of 
iron  containing  less  carbon  and  of  cours^e 
approttciiing  to  steel.  This  is  effected  by 
tne  addition  of  one  part  of  blister  steel  to 
four  parts  of  molten  cost  iron,  and  then 
adding  scrap  iron  to  the  mass,  until  an 
iron  rod  is  no  longer  rendered  brittle  by 
beinsr  dipped  in  the  mixture.  With  this 
compouna,  common  iron  is  coated  in  the 
same  manner  as  pursued  in  the  ease  of 
coverhig  iron  with  brass  ;  but  various 
methods  are  pursued,  ncoordinsf  to  tlic 
size  and  nature  of  the  article  to  he  coated  ; 
where  it  is  at  the  end  of  a  bar  of  iron, 
such  as  an  axle,  and  is  to  be  of  a  i>articular 
form,  this  form  m;iy  be  tjriveu  to  tiie  cva- 
cible,  thereby  nialiin«r  it  a  mouhl,  and 
when  in  a  state  of  perfect  fusion,  the 
iron,  either  previously  heated  or  cold,  is 
to  be  immersed  in  the  melted  mass,  an- 1 
wiieii  it  is  perceived  that  tiie  mass  is  ])er- 
feetly  tluid.  theii  the  tire  may  be  with- 
drawn, or  the  crueible  be  allowed  to  c^ol 
by  any  avaihible  means ;  but  whi;ii  tlie 


iron  to  be  coated  is  immersed  cold,  the 
melted  mass  is  immediately  congealed, 
but  it  must  be  permitted  to  remain  in  the 
crucible  till  it  agfun  becomes  fluid,  and 
then  it  should  be  allowed  to  cool.  If  the 
whole  is  allowed  to  cool  slowly,  it  is  then 
soft,  and  may  be  turned  in  the  lathe,  and 
afterwards  hardened  by  heating  it  and 
cooling  it  suddenly  in  the  usual  numner ; 
but  in  this  case  care  must  be  taken,  as 
the  coating  and  the  iron  have  different 
powers  of  controctinjy^.  If  the  ooated 
parts  were  suddenly  immersed  in  water. 
It  would  certainly  crack,  the  nncoatea 
part  must  therefore  be  immersed  up  to 
the  coated  part,  wlien  the  condncting 
power  of  the  iron  will  cool  the  coating 
sufficiently  quick  to  insure  a  proper  hard- 
ness. 

A  third  method  of  preventing  oxida- 
tion, is  case-hardening  the  metal,  by  the 
use  of  ferrocyanide  of  sodium,  calcium  or 
barium. 

In  order  to  apply  the  ferrocyanide,  an 
alkaline  bath,  tbrmed  with  carbonate  of 
soda,  or  otiier  alkali  is  used.  This  bath 
may  be  a  crucible  or  large  basin  built  in 
the  brickwork  of  the  furnace,  which 
should  be  a  reverbenitory  furnace,  and 
previous  to  being  used,  should  be  raised 
to  a  white  heot ;  the  iron  to  be  case-har- 
dened requires  to  be  previously  heated 
to  nearly  a  red-heat,  and  then  immersed 
in  the  bath,  and  there  raised  to  a  heat 
sufficiently  niorh,  after  which  it  must  be 
immediately  immersed  in  the  ferrocya- 
nide previously  fused  in  another  vessel ; 
but  it  the  quantity  of  iron  to  be  case-har- 
dened is  small,  it  would  not  be  advisable 
to  fuse  the  ferrocyanide  (as  it  is  very 
soon  decomposed),  but  immediately  on 
taking  it  out  of  the  bath  it  must  be 
sprinkled  with  the  ferrocyanide  ;  should 
ferrocyanide  of  potiissiuin  be  used,  it  is 
tbund  that  the  alKaline  bath  prevents  ef- 
fectively the  corro<linjr  of  the  iron. 

A  fourth  scheme  consists  of  a  method 
of  c<'»ating  copper,  or  the  alloys  of  copper 
or  ij-on,  with  platinum.  Platinum  is  dis- 
solved in  ac^ua  retria,  and  the  iridium 
which  remains  undissolved  as  a  black 
powder,  separated  by  filtration,  then  eva- 
|)orated  to  dryness,  and  when  cold  a 
quantity  of  caustic  j^otass,  equal  in  weight 
to  the  metallic  platinum  employed  is  to 
be  dissolved  in  water,  and  poured  on  the 
chloride  of  platinum.  This  will  nrecipi- 
'  tate  the  platinum  of  an  impure  yellow  co- 
lor ;  a  quantity  of  s()lution  of  oxalic  acid 
e.{ual  to  the  wViirht  of  the  metallic  ]»lati- 
mun,  is  now  to  be  added  witliout  pourinif 
otf  the   aolutioii   which   remains  on  the 
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predpitetc:  tho  solution  is  then  to  be 
boiled  till  the  precipitate  is  entirely  dis- 
■olved ;  a  snuul  (quantity  of  iridium  will 
Btill  remain,  which,  together  with  any 
other  imparities,  mast  oe  separated  by 
fltration;  caustic  potass  eoual  to  twice 
the  weiffbt  of  the  metallic  platinum  is  to 
be  dissolved  in  water  and  added  to  the 
above.  The  solution  is  now  ready  for 
platinizing  the  copper  or  iron  article 
which  is  to  be  coated  with  platinum. 
The  article  to  be  coated  is  to  be  put  in  a 
vessel. 

Iron  jn  its  pure  state  is  malleable,  and 
it  is  a  combination  of  carbon  with  iron 
which  produces  cast-iron.  In  addition  to 
carbon^  the  cast-iron  in  this  country  con- 
tains silica,  lime,  magnesia,  alumina,  oc- 
casionally .«ome  of  the  phosphates  and 
other  admixtures;  but  iron  made  from 
magnetic  ores  is  much  purer.  The 
strength  of  cast-iron  depends  upon  its 
fi-eedotn  from  impurities,  and  upon  the 
proportion  of  carbon  it  contains.  The 
strongest  cast-iron  contains  about  three 
per  cent,  of  carbon,  or,  according  to  Mr. 
Charles  May,  when  the  carbon  is  in  the 
smallest  proportion  that  produces  fluidi- 
ty ;  a  larger  proportion  tends  to  make  the 
iron  soft  and  weak,  and  a  smaller  hard 
and  brittle.  Mr.  Glynn,  in  his  evidence 
before  the  Strength  of  Iron  Committee,  in 
London,  states,  that  tho  strongest  iron 
generally  shows  a  clear  gray,  or  slightly 
mottled  fVucture,  and  he  con^siders  that 
the  color  indicates  the  combination  of 
carbon  with  iron  which  produces  the 
greatest  strength.  Mr.  Stirling  btates, 
that  while  color  is  admissible  as  a  test  of 
strength^  it  is  not  so  of  chemical  consti- 
tution, tor  though  dork  colored  iron  is 
usually  brittle,  jet  black  iron  when  chil- 
led becomes  white,  although  it  must  be 
supposed  to  contain  the  suuie  quantity  of 
carbon  ;  hence,  as  a  generul  rule,  he  con- 
cludes that  color  indicates  the  treatment 
to  which  iron  has  been  Hubjected,  and  in 
some  coses  only  the  quuutity  of  corbon. 
Mr.    May  coincides   in   considering   the 

Question  of  strength  to  be  verj-  much  re- 
ucible  to  the  quantity  of  carbon  con- 
tained in  tlie  iron,  us  some  of  the  tender- 
est  iron  skilfully  treatcl  will  produce 
some  of  the  strongest  castings.  Messrs. 
Stephenson  and  Stirling  mention  that  the 
fluidity  of  Berlin  iron  is  due  to  the  pre- 
sence of  nrsenic,  and  the  latter  has  ob- 
served that  man^rancse  ini.ved  artilieialiy 
with  cast-iron,  closes  the  grain,  and  is  an 
imjirovement  both  to  cast-iron  and  steel. 
On  wrought  iron  the  ctlect  of  mangane^e 
is  stated  to  be  to  give  it  the  hol-shurt 


property,  while  cold-short  la  produced  by 
the  presence  of  a  small  quantity  of  phos- 
phorus ;  and  the  admixture  of  arsenic 
renders  wrought  iron  hard  and  brittle. 

Iron  Quns.  Pi^-iron  of  gray  color 
should  be  melted  in  an  air-furnace  with 
an  intense  and  rapid  fire,  for  iron  guns  ; 
but  an  alloy  of  copper  and  tin  is  used  for 
brass  guns.  The  first  are  used  on  ship- 
board and  the  latter  for  field  artillery, 
with  a  bush  of  copper,  as  less  fusible  by 
firing,  for  the  toucn-hole. 

The  solid  casting  is  then  bored  by  the 
revolution  of  the  gun,  with  an  apparatos 
and  steam  power.  A  24-poander  of  iron 
is  10  ft.  long,  and  weighs  62  cwt.  with  a 
bore  of  5-824  inches,  a  ball  of  6*547 
inches  and  8  lbs.  of  powder.  A  24-bra5a 
pounder  weighs  50  cwt.  An  iron  6-poun 
der  weighs  24  cwt.  and  is  9  ft.  long. 

IVOKY,  is  the  tusk  or  tooth  of  aefenco 
of  the  mole  elephant.  It  is  an  interme- 
diate substance,  between  bone  and  horn, 
not  capable  of  being  softened  by  fire,  nor 
so  hard  and  brittle  us  bone.  Sometimes 
it  is  an  enormous  size,  weighing  nearly 
200  lbs.  It  is  of  a  yellowish,  brownish, 
and  sometimes  a  dork  brown  color  on  the 
outside,  internally  white,  hollow  towardb 
tho  root,  oud  so  far  as  was  inserted  into 
the  jaw,  of  a  blackish  brown  color. 

It  is  used  for  making  ornamental  uten- 
sils, mathematical  instruments,  cases, 
boxes,  balls,  combs,  knife-handles,  dice, 
and  tovs. 

Guillot  obtained  from  100  ports  of 
ivory,  24  gelatine,  64  phosphote  of  lime, 
and  0'  1  carbonate  of  lime. 

Ivory  is  restored  in  color,  by  covering 
it  witli  quick-lime  and  pourin^r  vinegar 
on  this.  After  24  hours  rub  it  with  alum- 
powder.  The  best  ivory  comes  fk-om 
Cevlon. 

Ivory  is  very  apt  to  take  a  yellow- 
browntint  bv  exposure  to  air.  It  moy  be 
whitened  orlbleached,  by  rubbing  it  first 
with  j)Ounded  pumice  stone  una  water, 
then  placing  it  moist  under  a  gluRS  shade 
luted  to  the  sole  at  the  bottom,  and  ex- 
posing it  to  sunshine.  The  sunbeams 
without  the  shade  would  be  opt  to  occa- 
sion fissures  in  the  ivorj'.  The  moist 
rubbing  and  exposure  may  be  repeated 
severol  times. 

For  etching  ivor\%  a  ground  mode  by 
the  following  recipe  is  to  be  upplicd  to  the 
polished  surface : — Toko  of  pure  white 
wax,  and  transparent  tears  of  mastic, 
each  one  ounce :  asphalt,  half  an  ounce. 
The  mastic  and  asphalt  having  been 
separateiv  reduced  to  fine  powder,  and 
the  wax  being  melted  in  an  earthen  ware 
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vessel  over  the  flref  the  mastio  is  to  be 
first  slowly  strewed  in  and  dissolved  by 
stirring;  and  then  the  asphalt  in  like 
manner.  This  compound  is  to  be  poured 
out  into  lukewarm  water,  well  kueaded, 
aa  it  cools,  by  the  hand,  into  rolls  or  balls 
about  one  inch  in  diameter.  These  should 
be  kept  wrapped  round  with  taflFoty.  If 
white  resin  be  substituted  for  the  mastic, 
a  cheaper  composition  will  be  obtained, 
which  answers  nearly  as  well;  2  oz. 
asphalt,  1  oz.  resin,  ♦  oz.  white  wax, 
being  good  proportions.  Callot'a  etch- 
ing ground  for  copper  plates,  is  mndc  by 
dissolving  with  heat  4  oz.  of  mastic  in 
4  oz.  of  very  fine  linseed  oil ;  filtcrinir 
the  varnish  through  a  rag,  and  bottling  it 
for  use. 

Either  of  the  two  first  grounds  being 
applied  to  the  ivory,  the  flcrured  design 
is  to  be  traced  through  it  in  the  usual 
way,  a  l6dge  of  wax  is  to  be  applied,  and 
the  surface  is  to  be  then  covered  with 
strong  sulphuric  acid.  The  eft'oet  conies 
better  out  with  the  aid  of  a  little  heat ; 
and  by  replacing  the  acid,  ns  it  V>ecoines 
dilute  by  absorption  of  moisture,  with 
concentrated  oil  of  vitriol.  Simple  wax 
may  be  employed  instead  of  the  copper- 
plate engraver's  ground;  and  atrongr 
muriatic  acid  instead  of  sulphurie.  If 
an  acid  solution  of  silver  or  gold  bo  used 
for  etching,  the  design  will  beooino  pun)le 
or  block,  on  exposure  to  sunshine.  The 
wax  mav  be  washed  awavwith  oil  of  tur- 
pentine.  Acid  nitrate  of  silver  atlbnls 
the  easiest  means  of  tracing  permanent 
black  lines  upon  ivory. 

Ivory  maybe  dyed  by  using  the  follow- 
ing prescriptions  : — 

1.  Bl-a<'h  (bft. — If  the  ivory  be  lai<l  for 
several  hours  in  a  dilute  solution  of 
neutral  nitrate  of  pure  ^ilv(.•r,  witii  access 
of  light,  it  will  assume  a  black  color,  hav- 
ing a  slijrhtly  irrccn  cju^t.  A  still  tiuer 
and  deeper  black  may  bo  obtained  by 
boiling  the  ivory  for  some  time  in  n 
strained  decoction  of  loLTWood,  and  then 
steeping  it  in  a  sohition  of  red  sulphate 
or  red  acetate  of  iron. 

2.  Blue  ih/f. — When  ivory  is  kej-t  im- 
mersed for  a  lonsrer  or  slir>rfer  titne  in  a 
dilute  solution  of  sulj)liatc  of  indiLri-*  (  part- 
ly saturated  with  ]>otash),  it  as-^unics  a 
blue  tint  of  irrcater  or  lcs«*  intensity. 

8.  Green  di/^\ — This  is  given  by  (li[»piiiLr 
blued  ivory  tor  alilth' wliile  ins«»lution  of 
nitro-niuriate  (»f  tin,  and  then  in  a  hut 
decoction  of  fn-lic. 

4.  YAh'wd'fc  is  t'lven  by  imjiri'L'uating 
the  ivory  first  with  the  abovr  tin  mor- 
dant, and  then  <liL:estiiig  it  with  beat  in  a  | 


Strained  deoootion  of  fhstic    The  color 

E asses  into  orange,  if  some  Brazil  wood 
as  been  mixed  with  the  ftiaUo.  A  very 
fine  unchangeable  yellow  may  be  com- 
manicated  to  ivory  by  steeping  it  18  or 
24  hours  in  a  strong  solution  of  the 
neutral  chromate  of  potaah,  and  then 
plunging  it  for  some  time  in  a  boiling  hot 
solution  of  acetate  of  lead. 

6.  Jied  dye  may  be  given  by  imbuing 
the  ivory  first  with  the  tin  mordimt,  then 
plunging  it  in  a  bath  of  Brazil  wood, 
cochmed,  or  a  mixture  of  the  two.  Lac 
dye  may  be  used  with  still  more,  advan- 
tage, to  produce  a  scarlet  tint.  If  the 
scarlet  ivory  be  plunged  for  a  little  in  a 
solution  of  potash,  it  will  become  cherry 
red. 

6.  Violet  dye  is  given  in  the  logwood 
bath  to  ivory  previously  mordanted  for  a 
short  time  with  solution  of  tin.  "When 
the  buth  becomes  exhausted,  it  imparts  a 
lilach  hue.  Violet  ivory  is  changed  to 
purple-red  by  steeping  it  a  little  wldle  in 
water  containing  a  few  drops  of  nitro- 
muriatic  acid. 

With  regard  to  dyeing  ivory,  it  may  in 
general  bo  observed,  that  the  colors  pene- 
trate better  before  the  surface  is  polished 
than  afterwards.  Should  any  dark  spots 
appear,  they  may  be  cleared  up  by  rub- 
bing them  with  chalk;  after  which  the 
ivory  should  be  dyed  onc-o  more  to  pro- 
duce perfect  uniformitv  of  shade.  On 
takinir  it  out  of  the  boillnpf  hot  dye  bath, 
it  ou(rlit  to  be  immediately  plunged  into 
cold  water,  to  prevent  the  cnance  of  fis- 
sures being  caused  by  the  heat. 

Madame  Bouvier  (of  Paris)  adopts  the 
following  process  (patented)  for  working 
in  ]>lastic  ivory.  Tuko  the  waatc  turuinffs 
of  ivory,  bone,  horn,  &c.,  and  steep 
llicui  in  a  wa.ste  acid  solution.  Nearly  ail 
tlie  a<i<l-*  will  serve  for  this  purpose,  but 
the  followini^  are  prelerahle :  muriatic, 
nitric,  tartaric,  acetic,  citric,  and  oxalic, 
also  j)lio?ij>hate  of  lime.  The  solution  is 
jilaced  in  a  water  bath  at  a  tempemtue  of 
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to  4o^  C,  ('Jf)^  to  105^  Fahr..)  in 
order  to  obtain  complete  liquefaction. 
It  is  then  i)as.sed  through  fine  muslin,  and 
about  «Mie  fourth  the  quantity  of  ivorv' 
tr»  latine  i-^  next  addtnl  to  absorb  the  sol- 
vent. Wlien  the  paste  is  well  pR'pared, 
the  excess  of  liquid,  autl  any  foreit'O 
L'a-^cs,  are  reiiioved  by  means  of  the  air 
piiiu]) :  it  tlnis  become  homogeneous, 
niotiibranous,  and  verv  close.  In  this 
stale  it  would  l)e  dithcult  to  run  it  for 
u.»e  :  tor  wiiich  pur]»ose  it  must  be  dis- 
solvctl  in  cop;il  or  lac  varnish,  and  in  tins 
state  it  inav  be  run  into  luoulds.     Vb  hen 
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the  paste  ia  in  the  monlds,  it  may  be  made 
to  nndergo  pressure,  to  expel  the  air,  and 
prevent  the  formation  of  air  bubbles  in 
the  interior.  Coloring  matters  may  be 
added  to  the  paste. 

M.  Charriere  of  Paris  renders  the  ivory 
which  he  works  into  shapes,  flexible  by 
steeping  it  in  hydrochloric  acid.  Either 
strong  or  diluted  with  water,  the  ivory 
becomes  flexible,  elastic,  and  yellow.  As 
it  dries  it  becomes  hard  again.  The 
flexibility  is  however  restored  by  wetting 
the  ivory  with  a  piece  of  linen. 

Itory  Black  is  made  by  exposingr  ivory 
and  bone-shavings  in  an  iron  cylinder, 
at  a  red  heat,  allowing  the  effluvia  to  rise 
through  a  pipe.  It  docs  not  differ  from 
bone 
state. 


pipe 
:,  be 


bone  black,  being  carbon  in  a  very  fine 


JACK,  is  the  name  of  a  very  powerful 
machine  for  raising  great  weights.  Its 
ordinarv  power  is  5  tons,  or  200  times  tlio 
force  of  man  applied  to  the  handle.  The 
better  sort  are  supplied  with  a  ratchet, 
to  prevent  their  running  back. 

Jack  is  also  the  name  of  a  kitchen- 
machine  for  cooking,  and  the  moving 
power  is  either  a  weight  or  the  smoke 
and  rarefied  air  of  a  ciiimney.  It  has  a 
worm,  or  endless  screw,  with  a  main- 
wheel  of  60  teeth,  a  worm-wheel  of  80, 
and  a  pinion- wheel  of  15. 

This  &moJce  jack  is  used  for  the  same 
purpo«»e  as  the  common  jack,  and  is  so 
called  because  it  appears  to  be  moved  by 
the  smoke  of  the  fire.  It  is  in  fact  moved 
by  the  ascending  current  of  rarefied  air, 
which  acts  on  a  fan  properly  placed  in 
the  chimney.  The  motion  mnv  be  ob- 
tained as  above,  or  sometimes  spiral  flyers 
coiled  about  a  vertical  axis  are  employed, 
but  more  frequently  a  vertical  wheel  with 
oblique  leaves  like'  the  sails  of  a  wind- 
mill. 

JACQUARD.  (.SVvSiLKMANMTFAcrrnE.) 

JADE,  the  true  hipis  rupfiritiru^,  be- 
longs to  the  siliceous  order  of  minerals, 
as  it  gives  flre  with  steel,  and  is  semi- 


pellucid,  like  flint;  it  docs  not  harden  in 
nre,  but  melts,  in  the  focus  of  a  burning 
lens,  into  a  transparent  green  glass,  with 
some  bubbles. 

It  contains  '47  silcx,  '38  carbonate  of 
magnesia,  '04  alumine,  '02  carbonate  of 
lime,  and  '09  iron. 

Its  spec,  gravity  is  from  2-9r)0  to  8-380. 

The  semitransparency,  hardness,  and 
specific  gravitv,  are  the  characters  by 
which  the  ^//)w  nfhhritictm  may  be  din- 
tiii«ruished  from  other  stones. 

JAMBS.  In  architecture,  the  side  or 
verticiil  pieces  of  any  opening  in  a  wall 


which  bear  the  piece  that  discharges  the 
superincumbent  weight  of  such  wall. 

JAMESONITE.  A  mineral  named 
after  Professor  Jameson.  It  occurs 
crvstallized  and  massive :  it  oonsista  of 
sulphur,  lead,  and  antimony. 

JAPANNING.  The  art  of  covering 
paper,  wood^  or  metal  with  a  thick  coat 
of  a  hard  brilliant  varnish:  it  originated 
in  Japan,  whence  articles  so  prepared 
were  nrst  brought  to  Europe.  Tuo  mate- 
rial, if  of  wood  or  papier-mach^e,  is  first 
sized,  polished,  ana  varnished ;  it  is  then 
colorea  or  painted  in  various  devices, 
and  afterwards  covered  with  a  highly 
transparent  varnish  or  lacquer,  which  la 
ultimately  dried  at  a  high  temperature, 
and  caremllv  polished. 

JAPANNED  TEA-TRAYS,  were 
made  by  Clay,  by  uniting  sheets  of  paper 
with  wheaten  flour  ana  glue  boiled  to- 
gether. They  were  then  rubbed  with 
towel Sj  from  the  centre  to  the  edges,  and 
dried  m  a  stove  before  another  sheet  waa 
laid  on. 

JAPAN,  FOR  Tin  Ware. — In  6  oz.  of 
oil  of  lavender  dissolve  2  oz.  of  copal  and 
1  dr.  of  camphor,  and  mix  with  b  oz.  of 
oil  of  turpentine. 

JAPAN  PAINTING,  is  eflTected  by 
colors  prepared  in  varnish.  It  is  finished 
with  a  coatins:  of  seed-lac  varnish,  made 
of  3  oz.  of  clean  seed-lac,  dissolved  in  a 
pint  of  rectified  spirits  of  wine.  This  is 
laid  on  by  single  coats,  with  the  brush, 
an<l  each  separately  dried  to  the  number 
of  five  or  six  coats.  It  is  subsequently 
polished  with  a  rag  dipped  in  powdered 
rotten-stone,  and  finished  with  oil.  In 
white  grounds,  fine  putty  or  whiting 
should  be  used. 

JAPAN  WAX.  Under  this  name  dif- 
ferent kinds  of  white  wax  are  met  with, 
the  origin  of  which  are  a  Japan  plant, 
JihuH  Succedantu.  It  is  sofrer,  more 
brittle,  and  fatty,  than  beeswax,  easily 
kneaded,  an<l  melts  between  40^  and  42^ 
C.  It  contains  twice  as  much  oxygen  as 
beeswax,  and  has  a  dift'erent  composition, 
consisting  of  palmitic  acid,  united  with 
oxide  ot'  glycerylc.  It  is  easily  bleached 
with  nitric  acid. 

JAKdUN.  A  hard  gem  brought  from 
the  East  Indies,  in  the  form  of  thin 
plates,  whieh  appear  to  be  sjdit  from 
pebbles.  They  are  of  dillerent  colors, 
white,  black,  yellow,  and  brown,  about  as 
har«l  as  8a|>phire  ;  and  as  they  have  a 
great  reseniblanoe  to  the  diamond,  they 
are  snhslitiited  instead  of  it  in  jeweller's 
work.  In  this  stone.  Klaj)roth  discovered 
the  earth  called  /ireon. 
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JASPEBf  an  opaqae  flint,  which  re- 
Bembles  dry  clay.  It  is  capable  of  a  fine 
poiifth,  and  ita  color  is  generally  reddish, 
or  green,  or  striped :  bat  it  is  also  foana 
blue,  gn^Ji  or  whitish.  Its  spedflo  gravi- 
ty is  from  2-68  to  2-778. 

It  is  infusible  alone  with  the  blow- 
pipe \  but  it  melts  with  borax-  or  micro- 
cosmui  salty  without  any  effeivescence. 
Fire  increases  its  hardness. 

It  is  composed  of  eUuxous  earth,  united 
to  alumine  very  full  of  iron.  Daubcnton 
mentions  15  varieties. 

JKLLY,  VEGETABLE,  of  ripe  cur- 
rants and  other  berriee,  is  a  compound  of 
mucilage  and  acid,  which  loses  iXa  power 
of  gelatinizing  by  prolonged  ebullition. 

JELLY,  ANIMAL.  {:See  Gelatine, 
Glue,  and  Isinglass.) 

JET,  a  species  of  pitch-coal  or  glance- 
coal,  which,  being  found  abundantly  in  a 
beautiful  compact  form,  in  the  valley  of 
Hers,  arrondissemcntof  Pamiers,  depart- 
ment of  the  Arrie^re,  has  been  worked  up 
extense?y  there  from  time  immemorial, 
into  a  multitude  of  ornamental  articles. 
With  this  black  lignite,  buttons,  crosses, 
rosaries,  necklaces,  ear-drops,  bracelets, 
waist-buckles,  &c.,  arc  made,  which  were 
at  one  time  much  worn  by  ladies  for 
mourning  dresses.  The  flrreater  number 
of  these  ornaments  are  mshioncd  upon 

Srindstones  which  turn  in  a  horizontal 
irection,  and  are  kept  continually  wet: 
others  are  turned  at  tiie  lathe,  or  shaped 
by  files. 

In  England,  about  40  years  ngo,  tliis 
manufacture  employed  from  1000  to  1200 
operativej*;  at  ^^resent  it  gives  bread  to 
only  60.  This  tallinjf  otf  may  be  asi-ribcd 
to  the  successful  imitation  of  the  jet 
articles  by  thoj»e  of  black  glass,  which  are 
equally  beautiful,  and  not  nearly  so  apt  to 
lose  their  polish  bv  use. 

JET  D'EAU.  A  fountain  wliich  throws 
up  water  to  some  height  in  the  air.  Ac- 
cording to  the  theory  of  hydrostatics,  the 
velocity  with  which  water'issucs  from  an 
orifice  is  equal  to  that  which  would  be 
acquired  by  a  heavy  body  in  falling 
through  a  height  eciu'al  to  the  dift'ereiice 
between  the  levels  of  the  orifice  and  the 
fountain  head ;  whence,  if  the  resistance 
of  the  air  and  other  impediments  were 
removed,  the  height  of  tlie  jet  would  be 
equal  to  that  of  the  surface  of  the  reser- 
voir. Among  the  causes  wliicli  j)revent 
the  jet  from  obtaining  the  heitrhL  wliich 
theory  assigns  to  it,  the  foilowincr  are  tlie 
principal :  1.  The  resistance  of  tlie  air, 
which  is  proportional  nearly  to  tlie  sijunrc 
ot  the  velocity.  2.  The  friction  airainst  the 


Bides  of  the  pipe  and  the  orifloo  through 
which  the  water  issues.  8.  The  velocity  of 
the  particles  diminishing  at  everr  inntant 
aa  tiiey  ascend,  the  lower  particfea  of  the 
ascending  column  press  against  those 
next  above  them ;  and  the  pressure  being 
by  the  nature  of  fluids  communicated  in 
all  directions,  the  consequence  is,  that 
the  column  is  enlaiyed  and  proportion^ 
ally  shortened.  4.  The  water  at  the  top 
of  the  jet  does  not  fall  off  instantaneously 
when  Its  velocity  is  destroyed ;  it  rests 
for  a  moment  at  the  top  of  the  column, 
where  its  weight  opposes  an  obstacle  to 
the  particles  next  succee?ling,  which  re- 
tards their  velocity,  and  this  retardation 
is  communicated  to  the  whole  column. 
This  last  obstacle  may  be  avoided  b^ 
slijfhtly  inclining  the  jet  from  the  vorti- 
caf;  and  it  is  found  by  experience  that  a 
jet  so  inclined  plays  higher  than  one  quite 
upriffht,  though  the  effect  is  thereby 
rendered  less  pleasing.  It  is  necessary 
that  the  diameter  of  the  adjutage  or  ori- 
fice be  considerably  less  than  tliat  of  the 
pipe.  (See  De^agulier^a  Experimental  Phi- 
losophy '  Mariotte,  Mouvement  de»  £aujc.) 

JOGGLE  JOINTS.  The  joints  of 
stones  or  other  masses  indented  in  such 
a  way  that  the  adjacent  stones  fitting  into 
the  indentations  are  prevented  from  be- 
ing pushed  away  from  each  other  by  any 
force  perpendicular  to  the  pressures  by 
which  they  are  thus  held  tc^ether. 

JOGGLE  PICA.  In  architecture  a 
truss-post  whose  shoulders  and  sockets 
receive  the  lower  end  of  the  struts. 

JUJUBE.  The  fruit  of  the  Mamnus 
zizi/phuf<:  it  resembles  a  small  plum,  and 
is  occasionally  used  as  a  sweetmeat. 
What  is  sold  under  the  name  of  jujube 
paste  professes  to  be  the  dried  jelly  of  this 
fruit,  but  is,  in  fact,  a  mixture  of  gum 
arabic  and  sugrsr  sliirhtly  colored. 

JUNIPER  BERRIES.  The  ft-uit  of 
the  t/uniperuff  <ymimuniti.  They  are  used 
in  medicine  as  a  diuretic;  but  their  prin- 
cipal consumption  is  in  fiavorinfir  pin. 
W  hen  distilled  with  water  they  yield  an 
essential  oil,  upon  which  their  peculiar 
fiavor  depends.  The  resin  of  this  tree  is 
called  juniper  gum  or  sandarach,  and  is 
occasionally  used  in  varnishes.  When 
powdered  it  is  used  under  the  name  of 
pounce^  to  jtrevent  ink  sinking  into  })aj)cr 
from  which  writinp  has  been  erased. 

KALI,  a  maritime  plant,  from  the 
ashes  of  which  a  considerahle  quantity  of 
soda  is  obtained  by  lixiviation.  By  boil- 
iuir  the  }>lant  in  water,  and  evaporating 
the  dcooctitui,  a  considerable  quantity  of 
sca-ssdt  nuiv  be  (»btained. 
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The  word  Kali,  and  Alkali  originally, 
had  a  bimilar  meaning.  The  latter  term 
is  now  applied  to  a  cUsa  of  bodies  having 
peculiar  properties,  while  the  term  kali  is 
mostly  confined  to  potash,  the  most  active 
of  the  doss  of  alkaliea.  The  metal  pot- 
assium is  sometimes  called  kalium,  and 
the  symbol  is  always  written  with  the  ia- 
itial  letter  K. 

KAOLIN,  porcelain  earth,  is  an  earthy, 
pure  white,  gravish  or  milk  white  sub- 
stance, easily  pulverized,  and  mixed  with 
particles  of  quartz  and  feldspar.  It  is  the 
mo»t  importunt  material  for  making  por- 
celain. Beds  of  pretty  pure  Kaolin  have 
been  found  in  the  neighborhood  of 
Lake  Chumplain,  and  scattered  through 
the  New-England  states  and  that  of  New- 
York,  in  the  valleys  of  the  primary  dis- 
tricts. It  is  clay  in  its  pure  and  most 
original  form,  and  is  the  prototype  of  all 
other  cla^s.  Kaolin  is  produced  by  the 
action  ot  the  atmosphere  upon  certain 
minerals  belonging  to  the  feldi«par  class, 
as  spodumene  and  porcelain  spar.  Be- 
sides the  silicate  of  alumina  (pure  clay) 
of  the  feldtipar,  porcelain  also  contains  un- 
decompoHcd  deoris  of  rocks,  silicates  of 
magnesia  and  lime,  and  free  silicic  acid. 
These  impurities  are  sometimes  as  much 
as  16  per  cent.  Out  of  81  analyses  made  by 
Brogniart  and  Malaguti,  18  conHiritcd  of 
alumina  and  Kilica  in  equivalent  propor- 
tions, the  remainder  containing  an  excess 
of  silica.  In  lUO  parts  various  samples 
contained  the  following  ingredients : — 


Klin]  in  fr<^m — • 
Aerurding  to — 


Blllca 

Alamina 

Poush 

Masnesta 

Lime 

Oxide  of  Iron 

Oxide  of  Manganese. . 
Water. 


St.Yripiix. 
Brrt  tiler. 


Pninan. 
Fcicha. 


47-09 

86-41 

1-56 

2-94 


12-00 


43-65 
85^8 


0-83 
1-00 

18-56 


Hnllc. 
Blej. 


89-62 
45-UO 

■  •  •  • 

8-32 
0-OT 

•  fl  ■  • 

019 
10- 


The  decomposition  of  the  feldspar  out 
of  irnmite  aiiords  a  very  good  Kaolin  or 
Ciiiua  Clay. 

KEEL.*  The  principal  piece  of  timber 
of  a  shin,  usually  first  luict  on  the  blocks  j 
in  huilding.  If  we  compare  tlic  bodv  of 
a  sliip  to  the  human  skeleton,  tlie  feed 
seems  to  resemble  the  backbone,  nnd  the 
timbers  the  ribs.  It  is  peiierally  com- 
posed of  several  thick  pieces  of  wood 
placed  len(?thways,  which,  after  beiiijf 
scarfed  together,  are  bolted  and  clenched 
upon  the  upper  side.    Keeluge  signifies 


the  duty  paid  by  a  ship  on  coming  into 
port. 

The  keel  is  generally  elm,  except  the 
after-piece,  which,  on  accountof  its  oeing 
often  wet  and  dry,  is  sometimes  oak, 
especially  when  the  ship  is  expected  to 
be  a  great  while  in  buildmg.  The  num- 
ber of  pieces  in  the  keel  is  not  very  ma- 
terial, BO  that  it  gives  good  shift  to  the 
keelson  and  the  mainmast.  The  keel  is 
scarfed  with  a  hook  in  the  middle,  which 
should  lay  very  close,  it  being  designed 
on  purpose  to  bear  the  strain  of  caiking 
the  butts,  that  the  bolt  in  the  scarf  may 
not  be  strained.  The  keel  should  not  hie 
tapered  much,  either  fom^'ard  or  aft  at 
the  upper  part,  and  fVom  thence  it  is  to 
be  bearded  away  at  the  lower  edge ;  for, 
when  the  dead-wood  is  trimmed,  espe- 
cially abaft,  being  fVeqnently  very  thm, 
it  is  with  mnch  difficulty  that  the  dead- 
wood  can  be  securely  bolted. 

The  speed  of  a  vessel  does  not  depend 
so  much  upon  the  form  of  the  bow  as  it 
does  on  the  depth  to  which  it  is  im- 
mersed in  the  water.  In  the  case  of  a 
frigate  drawing  17  feet  water,  and  ano- 
ther frigate  of  the  some  burthen  drawing 
11  feet,  the  last  will  have  a  body  of  pix 
feet  less  fluid  to  penetrate,  to  make  her 
hold  a  good  wind,  while  the  first  has  six 
feet  perpendicular  depth  of  lier  hull  de- 
pressed, being  about  one-third  of  her 
real  size.  Therefore,  she  has  a  body  of 
water  to  displace,  and  to  force  herself 
through,  equal  to  the  dift'erence  between 
11  and  17.  The  re.'^istonce  of  the  fluid 
also  increases  in  proportion  to  the  depth. 
Vessels  in  the  coal-trade  draw  one-third 
less  water  than  any  other  of  British  con- 
•strnction  ;  yet,  when  employed  as  trans- 
ports, they  sail  as  fast  us  any  others ; 
and,  before  the  wind,  in  ballast,  or  half 
loaded,  frcoiiently  beat  the  royal  navy. 
When  closea  hauled  on  a  wind  they  drop 
to  leeward  ;  bnt,  if  they  were  furnished 
with  tsiulin(j  l-eeln,  they  would  be  superior 
to  all  the  other  Enjflish  vessels.  The 
Dutch  have  vessels  built  almost  flat,  but 
all  these  have  Ue-txHinU^  by  the  assistance 
of  which  they  sail  as  fast  as  any  that  navi- 
gate the  North  Sea. 

Ships,  or  vessels  of  the  larpor  classes, 
should  always  be  so  constructed  as  to 
sail  on,  or  nearly  on  an  even  keel, — that 
is,  so  that  when  the  ship  is  trinnned  for 
sailiufi:,  R}ie  should  have  her  \ico\  pinilUl 
to  the  surface  of  the  water  ;  therefore, 
as  much  as  the  etfort  of  the  wind  on  the 
sails  and  mast,  in  forciner  the  ship 
through  the  water,  has  a  constant  ten- 
dency   to   depres«   the    bow,    so    much 
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Bhonid  the  ship  be  properly  trimmed  at 
the  stern. 

A  sharp-built  ship  sinks  under  its  cor- 
ffo  BO  fast,  that  by  the  time  it  conies  to 
Its  bearings,  it  is  frequently  not  loaded. 
Those  having  flat  and  long  floors,  on  the 
other  hand,  sink  slowly ;  and  after  hav- 
iug  taken  in  the  quantity  they  measure, 
will  have,  frequently,  plenty  of  room, 
and  remain  higli  out  of  the  water.  The 
only  objection  to  the  latter  is,  the  untit- 
ness  of  a  flat-floored  vchscI  to  hold  a 
ffood  wind,  but  this  difficulty  is  removed 
by  the  adoj^tion  of  sUdiruj  hth.  The 
same  principle,  which  causes  flat-floored 
vessels  to  sail  faster  before  the  wind,  to 
carry  a  larger  cargo,  and  draw  less  water, 
operates  with  eaual  force  in  rendering 
them  easy  at  anchor.  Their  form,  with 
the  fulness  of  their  bodv  fore  and  all, 
enables  them  to  rise  and  fall,  aoconiing 
to  the  Yift  of  the  sea,  while  sharp  and 
clean-built  ships  pitch  with  the  utmost 
violence,  frcouently  with  such  force  lus 
to  endanger  the  masts  ;  to  say  nothing  of 
the  strain  which  the  tremendous  jerks 
give  the  hull  and  the  injury  of  tiic  an- 
chors and  cables. 

The  use  of  sliding  keels  is  known,  by 
actual  experience,  to  be  of  the  greatest 
importance.  In  fresh  breezes,  or  in  liirht 
winds,  it  is  totally  immaterial  how  niueii 
Bail  is  set^  or  how  it  is  disposed  ;  aim-^' 
the  act  of  raising  or  hucetunj  the  /></>• 
wiU  inirnri/itiftlf/  coiin*( met  thf  inronrr- 
nievt'e  that  inuiht  otht-rtrixe  nrist-  fruiit 
O.irnjlnq  Uh)  tniich  fi<iil,  fithfi'  t'unr'tni  nr 
oft.  The  most  tritliiitr  prnetiee  will  ren- 
der the  navigators  perfectly  a\'»iiiaiiU(.'<l 
with  their  um-,  and  tiie  easy  slreraL'c  of 
this  sliip  will  convince  him  of  tlioirad-- 
vantaire.  In  a  gale  ot'  wind  it  is  nece-;- 
sary  that  the  main  and  fore-keels  ^llou!d 
be  hauled  q\o<(}.  u]).  and  the  stern-keel  let 
down  to  sueh  depth  as  shall  he  found 
neeessars'  to  make  the  vessel  ^teer  per- 
fectly easy. 

KELP.  A  common  term  for  sea- weed 
or  vraie,  wliieh  e<Misir*ts  of  ditl'erent  spe- 
cies of /V,-//v  ( vareO.  Inastriet  smse, 
the  term  kelp  is  eonfinod  to  the  produce 
of  sea-wee. Is  when  burned,  whieli  con- 
sists of  alkaline  ashes  used  in  the  manu- 
facture of  Lfla^s  and  soap.  It  has  h.-en 
recently  found,  however,  tlnit  the  alkali 
required  for  th.ese  purposes  ean  !«.•  oh- 
taiued  more  al)un«lantly  tVom  s.-a-s:ilr, 
and  kel[)  is  at  i»resent  rhiotl\  usrd  ms  a 
nuuiure.  For  this  purpose  it  is  eai'erlv 
souLfht  nfttT  h\  all  farmers  (Hi  the  >ea- 
coast,  and  espeVially  by  tho,-e  who  ha\e 
dry  soils,  the  salt  contained  in  the  Kelp 


being  a  powerful  absorbent  of  moisture 
from  the  atmosphere.  It  has  lately  ac- 
quired much  importance  as  a  source  of 
KHline. 

The  species  used  in  the  manufacture 
of  this  article  grow  attached  to  rocks, 
between  high  and  low  water  mark.  On 
the  Scottish  coast  it  is  cut  close  to  the 
rocks,  during  the  summer  season,  and 
spread,  and  turned  to  dry.  It  is  then 
stacked  and  sheltered,  till  covered  with 
whit«  saline  efllorescence,  and  is  then 
ready  for  burning,  in  a  round  pit  or  kiln, 
linea  with  brick  or  stone,  aoout  2  ft. 
wide,  8  to  18  long,  and  from  2  to  3  deep. 
The  bottom  is  covered  with  brush,  upon 
which  a  little  dried  sea-weed  is  scatter- 
ed, and  Are  is  applied  at  one  extremity  ; 
the  sea-weed  is  now  thrown  on  gradu- 
ally, as  fast  as  the  combustion  reaches 
the  surface.  After  the  whole  is  burnt, 
the  mass  gradually  sot\ens,  beginning  at 
the  sides,  when  it  should  be  slowly  stir- 
red up  with  a  heated  iron  bar,  and  in- 
corporated till  it  acquires  a  semi-fluid 
consistence.  This  part  of  the  process  re- 
quires considerable  dexterity  ;  and,  if 
the  mass  continues  dry,  a  little  common 
salt  should  be  thrown  on  it  as  a  flux. 
When  cold  it  is  broken  up,  and  is  ready 
for  sale. 

Kelp  contains  but  2  or  8  per  cent,  of 
carbonate  of  soda,  while  Spanish  barilla 
ot\en  contains  -10  or  UO.  One  of  the  pro- 
duets  is  iodine. 

The  use  of  soda,  in  general,  is  the  same 
with  tliat  of  potash,  but  it  is  indispensa- 
ble in  makinir  j»late  and  ground  glass  and 
hard  soay)a,  and  consumed  in  immense 
(luantities  liy  soap-boilers,  bleachers,  and 
glass-nuikers. 

It  is  well  known  tliat  the  shores  of  the 
sea,  and  salt-marshes,  lus  well  as  the 
margins  of  interior  salt-lakes  and  sa- 
lines, and,  in  general,  all  places  to  whieh 
water  holdiusi:  salt  gains  ac<*ess,  are  in- 
liahited  by  jx'culiar  plants.  In  these 
maritime  plants,  soda  npUwfA  the  pot- 
ash, whieh  is  always  present  in  plants 
prowinfr  in  ordinary  sitmitions,  and  if 
they  are  removed  to  a  distance  from  the 
sea-shore,  they  trradually  lose  their  soda, 

!  and  acquire  potash  in  its  steatl.  The 
])arilla  olttained  in  France  from  the  f^oU-^ 
i-offii't  inuiiin  yields  14  or  15  per  cent,  of 
so(la. 

The  IHuhland  Society  of  Scotland  has 
pul)li-«hed   the   following  account  of  the 

\   man\it:ielure  of  11 '» tons  of  kelj)  in  Ilarri-*. 

i    It  was  iVomeut-ware  of  twoyears' growth, 
in  eipial  parts  of  A/(///-M(//v,  whieli  trrr.ws 

,   between  tlie  spring  and  neap  high  tides; 


ker] 


CYCLOPEDIA    OF  THE    USEFUL   ARTS. 


283 


hdlrwartj  between  hijErh  and  low  neap 
tides;  huzck-irare^  low  water,  spring  and 
neap.  It  is  cut  with  a  strong  reuping- 
hooK.  Sand  and  mud  is  washed  oft,  and 
it  is  spread  by  day,  and  cocked  by  night. 
Then  put  into  large  cocks,  and  left  to 
heat  for  six  or  eight  days.  It  is  burnt 
on  a  dry  day,  ana  a  good  breeze.  The 
kilns  are  of' hard  stones,  with  turf  out- 
side, from  15  to  18  feet  loner,  2i  ft.  broad 
and  2  feet  high.  Straw  or  heather  is  laid 
over  this,  set  on  lire,  and  dry-ware  added 
on  the  top  by  degrees  till  the  whole  is  in 
ashes.  If  it  cakes,  it  must  be  raked. 
When  all  is  burned,  it  has  the  appear- 
ance of  a  semi-vitrified  solid.  It  is  then 
broken  into  large  lumps,  and  kept  cover- 
ed until  it  is  put  up  in  the  cai<k  lor  ship- 
ment. The  following  two  analyses  of 
kelpj  one  from  Cherbourg,  made*  by  Gi- 
rardin,  and  the  other  from  Spain,  made 
by  Richardson,  show  it  to  be  made  up 
mainly  of  sulphate  and  chloride  of  potas- 
sium, and  chloride  of  sodium,  or  common 
■alt. 


Sulphate  potash 42  54 

Chroride  potassiura  ...19  64 

Chloride  sodium 25  38 

Carbonate  of  aoda 3  71 

Sulphate  lime 

Insoluble  matter •T.i 

Iodine  compounds  . . .  .traces 
Water 8 


100  00 


Spain. 
lo.So 
10  55 
68. '15 
traces 
110 


400 
100  00 


KERASOPHANY.  A  new  art  has 
been  discovered  in  Berlin,  which  consists 
in  making  pictures  of  a  mnturial,  the 
principal  ingredient  of  which  is  wax,  in 
imitation  ot  transparent  ones  made  in 
porcelain.  To  be  seen,  the  picture  must 
ne  placed  between  the  observer  and  tlie 
light.  The  ingredients  used  witli  the 
wax  destroy  its  brittlenes-*,  and  it  witli- 
stands  a  heat  of  more  than  one  hnmlred 
and  fiflv  degrees  Faiirenlieit. 

KERMES.  An  insect  found  in  many 
parts  of  Asia  and  tiie  south  of  Europe: 
the  Coccus  ili/'is  of  Linna-UB.  Tiiey  were 
lon^  taken  for  the  seeds  of  the  tree  on 
which  they  live,  and  hence  oalli'd  nrahis 
of  lermes.  They  arc  used  as  a  red  and 
scarlet  dye,  but  very  inferior  to  coclii- 
neal.  Previously  to  the  introduction  of 
cochineal,  by  which  it  is  now  nearly 
wliolly  superseded,  kenncs  had  Ix-en  the 
most  cftteenu'd  dnic:  for  dyeincr  scarlet 
from  a  remote  period  of  antilmity.  Cloths 
dyed  witii  kernies  are  of  a  (leep-red  co- 
lor ;  und  thouirh  nuioh  inferior  in  bril- 
iiancv  to  the  scarlet  cloths  dyed  with  real 
Mexican  cochineal,  they  retain  the  color 


better  and  are  less  liable  to  stain.  The 
tapestries  of  Brussels  and  other  parts  of 
Flanders,  which  have  scarcely  lost  any 
thing  of  their  original  brilliancy,  even 
after  a  lapse  of  200  years,  were  all  dyed 
with  kerines. 

The  principal  varieties  of  kermes  are 
the  coccus  qvercus^  the  coccus  jtolonicus^  the 
coccus  fraijari^^  and  the  coccus  uva  vrsi. 

The  coccus  quercus  insect  Uves  in  the 
south  of  Europe  upon  the  kermes  oak. 
The  female  has  no  wings,  is  of  the  size 
of  a  small  pea,  of  a  browuish-red  color, 
and  is  covered  with  a  whitish  dust. 
From  the  middle  of  May  to  the  midiUe 
of  June  the  eggs  are  collected,  and  ex- 
posed to  the  vapor  of  vinegar,  to  prevent 
their  incubation.  A  portion  of  eggs  is 
letl  upon  the  tree  for  the  maintenance 
of  tlie  brood.  In  the  department  of 
the  Bouches-du-Rhonc,  one-half  of  the 
kermes  crop  is  dried.  It  amounts  an- 
nually to  about  60  quintals  or  cwts.,  and 
is  warelioused  at  Avignon. 

The  kenncs  of  Poland,  or  coccus  pdo- 
nicus^  is  found  upon  the  roots  of  the 
scU-ranthxis  jterennis  and  the  sclera n- 
ttius  ariNuvs,  in  sandy  soils  of  that 
country  and  the  Ukraine.  This  species 
has  the  same  properties  as  the  preced- 
ing ;  one  pound  ot  it,  according  to  Wolfe, 
being  capable  of  dyeing  10  pounds  of 
wool ;  but  llermstacdt  could  not  obtain 
a  fine  color,  although  ho  employed  tive 
times  as  much  of  it  as  of  cochineal.  The 
Turks,  Armenians,  and  Cossacks,  dye 
with  kenncs  their  morocco  leatiier,  cloth, 
silk,  lus  well  as  the  manes  and  tails  of 
tiicir  horses. 

The  kenncs  called  coccus  fragarxct^  is 
found  jirincipally  in  Siberia,  upon  the 
root  of  I  lie  common  strawberry. 

The  c(*^\'UK  lira  ur^si  is  twice  the  size  of 
the  Polish  kenncs,  and  dyes  with  alum 
a  tine  red.     ]t  occurs  in  Russia. 

Kermes  is  found  not  oiilv  upon  the 
lyctfpodhnn  annplnudttmi  in  tlie  Lkraine, 
but  u]>on  a  great  many  other  plants. 

Ciood  kermes  is  plump,  of  a  deep-red 
color,  of  an  airreeabie  smell,  and  a  rough 
and  nuntrciit  taste.  Its  c^loriiifj  matter 
is  sotiibK',  in  water  and  alcohol;  it  be- 
comes yellowisli  or  brownish  with  acids, 
and  violet  or  crimson  with  alkalies.  Sul- 
phate of  iron  V)lackens  it.  M'itli  alum  it 
dyes  a  blood-red  ;  with  copperas  rui 
airnte  vrray  ;  witii  coppenis  aiiti  tartar,  a 
lively  gray  ;  with  sulphate  ot'coj>pcr  and 
tartar,  an  olive  t'i*oii ;  with  tartar  and 
salt  of  tin,  a  lively  einiiiiiiion  yellow  ; 
with  more  alum  ami  tartar,  a  lilach ; 
with  sulphate  of  zinc  and  tiU-tar,  a  violet. 
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Scarlot  and  crimson  dyed  with  kermea, 
were  called  arain  colors  ;  and  they  are 
reckoned  to  be  more  durable  than  those 
of  cochineal,  as  is  proved  by  the  bril- 
liancy of  the  old  Brussels  tapestry. 

Hellot  sayA  that  previous  to  dyeing  in 
the  kermea  bath,  he  threw  a  handful  of 
wool  into  it,  in  order  to  extract  a  black- 
ish matter,  which  would  have  tarnished 
the  color.  The  red  caps  of  the  Levant 
are  dyed  at  Orleans  with  equal  parts  of 
kenncs  and  madder ;  and  oocoAionally 
with  the  addition  of  some  Brazil  wood. 

Cochineal  and  lac-dye  have  now  nearly 
S'aperscdod  the  use  of  kermes  as  a  tinc- 
torial substance,  in  England. 

Kermes  Mixkuial.  A  name  given  by 
the  old  chemists  to  the  hydros ulphurct 
of  antimony,  in  consequence  of  its  red- 
dish color.  It  moy  be  obtained  perfectly 
pure,  by  diluting  the  proto-chloride  of 
antimony  with  solution  of  tartaric  acid, 
and  precipitating  the  metal  with  sulphu- 
rcted  hydrogen  ;  or  by  exposing  the 
finely  levigated  native  sulphurct  to  a 
boiling  solution  of  carbonate  of  potash 
for  some  time,  and  filtering  the  liquor 
while  boiling  hot.  Tiie  kermes  falls 
down  in  a  brown-red  powder,  f!^  the 
liquor  cools. 

KETCHUP,  or  CATSUP.  A  liquor 
used  as  a  substitute  for  gravy.  That 
made  from  the  Tomato  and  Mushroom 
is  most  common.  Tiiey  can  scarcely  be 
called  judicious  mixtures,  but  nitlier  an 
inconsrruous  medley  of  strong  tasting 
substances  and  spices,  such  a-s  garlic, 
shallot,  horse-radish,  Icmon-pocl,  boor, 
wine,  mustard,  anchovy,  and  spice. 
MuriJiroom  catsup  is  nsnally  made*  by  ad- 
dinir  the  jjrosscr  part  of  the  mushrooms 
beaten  nn  into  a  pulp,  to  a  decoction  of 
spice  anci  salt — properly,  the  expressed 
juice  of  the  musliroom  should  be  pre- 
served in  spice  liquor. 

KILLAS.  A  name  given  to  clay  slate 
by  Corjiish  minors. 

KILN.     The  various  forms  of  furnaces 
and  stoves,  by  whicli  stn^icr  heat  may  he  i 
applied  to  bodies,  are  so  called.      Thus  ' 
there  are  brick   kihis,   linio   kilns,    malt 
kiln"*,  and  pottery  kilns.     Under  the  head 

of  LIMESTONE,    MALT,  and    POTTERY,  ditlcr- 

ent  forms  of  kihi  are  noticed.  I 

KINIC  ACID.  A  ]H'cnliar  acid  found 
in  Cinchona  bark  by  Vaiitiuelin. 

KINO.  An  extract  obtained  from  the 
I^'auchn  innnlth\  a  slirnb  trrowiiiir  at  Su- 
matra and  in  the  Islands  of  tlie  In<]ian 
Ocean.  It  is  of  a  red  brown  color,  has  a 
styptic  taste,  and  consists  chiutlv  of  tan- 


nin.   It  is  only  used  as  an  astringent  in 
medicine. 

KIKSCHWASSER,  is  an  alcoholic 
liqnor  by  the  fermentation  and  diatilla- 
tion  of  bruised  cherries.  In  Switzerland 
and  Germany  it  is  the  niorcUo  cherry 
which  is  used.  When  ripe  it  is  black, 
and  haa  an  unusnalW  lai^e  kernel :  the 
fhiit  is  snatched  on  the  trees,  and  dl 
kinds  thrown  into  tube  and  crushed 
either  by  hand  or  with  a  beater.  These 
materials  are  allowed  to  fennent,  and 
when  this  is  completed  it  is  transferred 
to  a  still  covered  with  verdigris  dust. 
The  whole  is  conducted  in  the  rudest  way 
possible.  The  licjuor  has  accordingly  a 
'  rank  smell,  and  is  mjnrions  to  health  from 
the  empyreumatic  oil  and  prussic  acid 
it  contams. 

KEY-BOARD.  In  music,  the  series  of 
levers  in  a  keyed  instrument,  as  a  piano- 
forte, organ,  or  harpsichord,  upon  which 
the  fingers  press  to  produce  percussion 
of  the  strings,  or  in  tne  organ  the  onen- 
ing  of  valves.  It  consista  of  short  black 
and  lone  white  kevs. 

KEYSTONE,  the  middle  vonssoir  in 
the  arch  of  a  bridge,  or  the  arch  stone  in 
the  crown  or  immediately  over  the  centre 
of  the  arch.  The  length  of  the  keystone, 
or  thickness  of  the  archivolt  at  top,  is  al- 
lowed to  be  about  1-1 5th  or  l-16th  of  th« 
span  bv  the  best  architects. 

KRI^ASOTE.    See  Creosote. 

KYANIZING.  That  prm^ess  of  pre- 
scrvinjj  vetfctable  fibre  recommended  by 
the  late  Mr.  Kyan,  of  New- York.  It  con- 
sisted in  the  complete  soakoge  and  pene- 
tration into  the  timber  of  a  solution  of 
bicliloride  of  mercury  (corrosive  subli- 
mate). This  salt  was  proposed  os  a  pro- 
tective acent  against  the  attack  of  r/ry  rat^ 
wliich  renders  wood  so  utterly  wortldcsa 
after  a  few  years.  It  was  at  one  period 
nnich  used  in  the  British  navy.  {See 
Woon,  j>fvserr<ition  of) 

L.AROKATORY.  '  The  workshop  of  a 
eliemist.  Some  laboratories  are  intended 
for  private  research,  and  some  for  the 
manufacture  of  chemicals  on  the  larure 
scale.  Hence  it  is  almost  impossible  to 
•rive  a  description  of  the  apparatus  and 
disposition  of  a  laboratory  wiiicii  would 
be  <r<Micrally  true  of  all.  A  maniitacturing" 
laboratory  necessarily  occuj)ies  a  larL'e 
space,  while  tliat  of  the  scientitic  man  is 
ncces>ari]y  limited  to  a  peculiar  line  of 
re-^carcli.  TlH>se  who  study  in  oriranic 
chemistry  have  <lillerent  nrranircnients 
trom  that  of  the  mineral  nnalyist. 

A  laboratorv  is  lurnished  with  a  fixed 
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ftirnaoo,  and  sundry  aaziliAries  and  por- 
tablo  furnaces.  It  ought  also  to  coatain 
blow-pipes  and  galvanic  troughs,  with 
crucibles,  matrcBses,  retorts,  flasks,  ves- 
seU,  and  bottles  ;  also  a  pestle  and  mor- 
tar, a  vice,  a  lathe,  and  carpenters'  tools  ; 
a  pnearoatic  trough,  a  sink  for  water,  ta- 
bles, drawers,  and  shelves ;  with  thermo- 
meters, a  barometer,  pyrometer,  hydro- 
meter, Argand's  lamps,  WoUaston's  scale, 
weights  and  measures,  &c.  It  requires 
also  a  small  stock  of  tests  and  test-paper, 
and  of  sulphuric,  nitric,  and  acetic  acids ; 
with  nitre,  soda^  ammonia,  alcohol,  <&c., 
&c. :  and  especially  pasteboard  and  wire 
masks,  and  a  stout  apron  for  the  stomach 
and  abdomen.  The  cost  varies  from 
$200  to  $2,000. 

The  expense  of  fitting  up  a  laboratory 
to  furnish  articles  of  common  consump- 
tion is  very  small.  The  instruments  in- 
dispensably necessary  are — an  alembic, 
with  a  refrigerator  and  portable  furnace. 
If  the  operator  should  not  choose  to  go 
to  the  expense  of  the  alembic  and  its  ap- 
paratus, a  Buccedaneum  may  be  found  ior 
them  in  a  sand-bath  or  sand-heat,  with 
retorts,  under  suitable  precautions. 

Sana-heat  is  usually  formed,  in  the 
largo  way,  of  an  oblong  shape,  having 
bricks  and  mortar  for  its  walls,  plates  of 
iron  upon  which  to  lay  the  sand,  and 
around  the  top  a  le<lge,  of  about  six  or 
eiffht  inches  deep,  of  free-stone,  to  retain 
the  sand.  Beneath  the  plates  of  iron  is  a 
wide  flue,  at  the  bottom  of  which  is  nn 
iion  grating,  upon  which  grating  is  laid 
the  fire.  The  fire  is,  of  course,  when 
kindled,  enclosed  bv  a  door,  as  in  other 
furnaces,  at  the  end  of  the  sand-heat ;  a 
flue  communicates  with  a  chimney,  to 
carry  otf  the  smoke.  The  sand  is  com- 
monly of  the  depth  of  six  or  eicrht  inches  ; 
but  tlie  quantity  and  depth  depend  upon 
the  size  of  the  vessels. 

A  retort  is  a  vessel  usually  made  of 
green  or  other  glass,  and  nmy  be  made  to 
bold  from  half  a  pint  to  eight  or  more 
gallons.  It  has  a  long  narrow  neck, 
which  is  so  bent,  that  when  the  retort  is 
placed  with  its  contents  in  a  sand-bath, 
or  over  a  fire,  it  has  a  gentle  inclination, 
and  will  conduct  whatever  liquid  is  con- 
dens»ed  in  it,  into  atfUixs  rerticer^  which  is 
placed  on  a  bench  beside  the  sand-heat ; 
the  receiver  is  luted  to  the  neck  of  the 
retort,  either  by  a  caoutchouc  skin,  wliieh 
is  the  neate>t  wav,  or  bv  some  other  lute. 
A  variety  of  clicmical  processe**  are  thas 
conducted  :  the  vapors  raised  by  the  heat 
being  condensed  in  the  neck  of  the  re- 
tort, and  cooled  down  in  the  receiver. 


(whiob  ia  usually  about  the  sice  of  a  re- 
tort,) by  the  lai'ge  surface  which  it  pre- 
sents to  the  air.  With  Florence  flasks  and 
bent  tubes  flttcd  with  cork  many  opera- 
tions requiring  retorts  may  be  used ;  and 
even  small  glass  tubes  may  supplant 
these  latter  in  the  more  delicate  applica- 
tions. 

On  this,  as  on  many  other  subjects, 
more  is  learnt  in  half  an  hour,  by  actual 
inspection,  than  by  half  a  volume  of  de- 
scription. 

Tnere  are  some  very  well-appointed 
laboratories  in  this  country ;  amount 
others,  that  in  the  Lawrence  Scientiflo 
School,  Harvard  Univeriiity,  Camb;*idgo, 
Mass.,  and  those  in  Philadelphia  are  pro- 
minent. 

LAC.  liac-dye,  is  produced  by  the 
puncture  of  an  insect  called  the  Cocus 
Lacca,  upon  the  branches  of  several 
plants  as  varieties  of  the  flcus,  rhamnus, 
and  the  croton.  It  is  the  female  insect 
which  punctures  the  twig,  which  then 
becomes  surrounded  with  a  resinous 
juice  which  hardens  and  has  a  crystalline 
fracture.  This  constitutes  the  stick-lac 
of  commerce  ;  it  is  of  a  red  color,  more  or 
less  deep  and  transparent. 

According  to  Franke,  the  constituents 
of  stick-lac  are,  resin,  65*7 ;  substance  of 
the  Inc,  23'2;  coloring  matter,  0*0. 

S<ed-lac.  When  the  resinous  concre- 
tion is  taken  off  the  twigs,  coarsely  pound- 
ed, and  triturated  with  water  in  a  mortar, 
the  greater  part  of  the  coloring  matter  is 
dissolved,  and  the  granular  portion  which 
remains,  oeing  dried  in  the  sun,  consti- 
tutes seed-lac.  It  contains,  of  course,  less 
coloring  motter  than  the  stick-lac,  and  is 
much  less  soluble.  John  found  in  100 
parts  of  it,  resin,  66*7  ;  wax,  1-7 ;  matter 
of  the  lac,  16-7;  bitter  balsamic  matter, 
2-5 ;  coloring  matter,  89 ;  dun  yellow  ex- 
tract, 0-4;  envelopes  of  insects,  2*1  :  lae- 
cic  acid,  0-0 ;  salts  of  potash  and  lime, 
I'O;  earths,  6-6  ;  loss,  4-2. 

In  India  the  seed-lac  is  put  into  oblong 
bags  of  cotton  cloth,  which  arc  held  over 
a  charcoal  fire  by  a  man  at  each  end,  and, 
as  soon  as  it  begins  to  melt,  the  bag  is 
twisted  so  as  to  strain  the  liquefied  resin 
through  its  substance,  and  to  make  it 
drop  upon  smooth  stems  of  the  ban^'an 
tree.  In  this  way,  the  resin  spreads  into 
thin  plates,  and  constitutes  the  substance 
known  in  commerce  by  the  name  of 
sht  l^tic. 

Tlie  PcL'"  stick  lac,  being  very  dark- 
colored,  furnir»lies  a  shellac  of  u  corres- 
ponding deep  hue,  and  therefore  of  infe- 
rior value.    The  palest  and  fineat  shel- 
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lac  19  brought  from  the  northern  drear. 
It  contains  very  little  coloring  matter. 
A  8tiek-lac  of  an  intermediate  kind  comes 
from  the  Mysore  country,  which  yields  a 
brilliant  lae-dye  and  a  pood  shellac. 

Lac-dye  is  the  watery  infusion  of  the 
ground  stick-lac,  evaporated  to  dryness, 
and  formed  into  cakes  about  two  inches 
squarcj  and  half  an  inch  thick.  Dr.  John 
found  it  to  consist  of  coloring  matter,  50 ; 
resin,  25 ;  and  solid  matter,  composed  of 
alumina,  plaster,  chalk,  and  sana,  22. 

Dr.  Macleod,  of  Madras,  prepared  a 
very  superior  lac-dye  from  stick-lack,  by 
digesting  it  in  the  cold  in  a  slightly  alka- 
line decoction  of  the  dried  leaves  of  the 
M(iry:cyl^n  tinctariuTn.  This  solution  be- 
ing used  along  with  a  mordant,  consist- 
ing of  a  saturated  solution  of  tin  in  muri- 
atic acid,  was  found  to  dye  woollen  cloth 
of  a  very  brilliant  scarlet  hue. 

The  cakes  of //i<:-'///<  imported  from  In- 
dia, stamped  with  peculiar  marks  to  de- 
signate their  dill'crcnt  mamifncturers,  arc 
now  employed  ex':*lusively  in  En<ilan(l  for 
dveing  scarlet  cloth,  and  are  found  to 
vield  an  equally  brilliant  color,  and  one 
less  easily  affected  by  pers[)irntion  than 
that  produced  by  cochineal.  When  the 
lac-dye  was  first  introduced,  sulphuric 
acid  was  the  solvent  apj^licd  to  the  pul- 
verized cnkcs,  but  as  muriatic  acid  has 
been  found  to  answer  so  much  better,  it 
has  entirely  sunplanted  it.  A  eood  f/ol- 
vent  (No.  1)  tor  this  dyc-stutf  may  be 
prepared  by  dissolving?  three  pounds  of 
tin  in  60  poumls  of  muriatic  acid,  of  spe- 
cific gravity  l-l'J.  Tlie  proper  iiuituhivt 
for  the  cloth  is  made  by  mixing  27  {vunds 
of  muriatic  acid  of  sp.  {jrav.  1-17,  with 
\\  pounds  of  nitric  acid  f)f  1-19;  puttinir 
this  mixture  into  a  snlt-irla/ed  stone  hot- 
tie,  and  addinir  to  it,  in  sniiill  hits  jit  a 
time,  prain  tin,  till  4  pounds  Ik?  di.;solvid. 
This  solution  (No.  2)  may  lie  used  with- 
in twelve  hours  after  it  is  nuule,  j^ro- 
vide(l  it  luis  become  eoUl  and  clear.  For 
dyeinff,  three  tjuarters  of  a  nint  of  the 
solvent  (No  1 )  is  to  be  poured  upon  each 
pound  of  the  pulverized  lae-dye,  an<l  al- 
lowed to  f Unrest  ujion  it  for  six  hours. 
The  <'l«ith.  hrfore  l.eini:  sul.Jeeted  to  the 
d_\e  hutli,  must  bo  se«.ure.l  in  the  mill 
with  I'lillers'  i-artli.  T<»(l_\e  loo  pouiiiU 
of  }>elisse  elotli.  a  tin  li<»iler  of  oiki  j/iUnns 
c:i]«aeity  sluniid  he  tillrd  nearly  luimt'ul 
with  water,  and  a  lire  kinillcd  un-ler  it. 
Wlienever  t!;r  t(  iiijK  ratuve  ri-e-  to  i;,o-^ 
Fahr.,  a  handful  of  br.in  and  half  a  pint 
of  the  solution  of  tin  (No.  '_')  are  to  be 
introduced.  The  iVoth,  which  rises  as  it 
approaches  ebullition,  must  In-  skimmed 


off ;  find  when  the  liqnor  boils,  lOi 
pounds  of  lac-dye,  previously  mixed 
with  7  pints  of  the  solvent  No.  1,  and  3i 
pounds  of  solution  of  tin  No.  2,  must  bo 
poured  in.  An  instant  afterwards,  lOi 
pounds  of  tartar,  and  4  pounds  of  ground 
sumach,  both  tied  up  in  a  linen  Imir,  are 
to  be  suspended  in  the  boiling  bath  for 
five  minutes.  The  fire  being  now  with- 
drawn, 20  gallons  of  cold  water,  with  101 
pints  of  solution  of  tin,  being  poured  into 
the  bath,  the  cloth  is  to  be  immersed  in 
it,  moved  about  rapidly  during  ten  mi- 
nutes; the  fire  is  to  be  then  rekindled, 
and  the  cloth  winced  more  slowly  through 
the  bath,  which  must  be  made  to  boil  as 
Quickly  as  possible,  and  maintained  at 
that  pitch  for  an  hour.  The  cloth  is  to 
be  next  washed  in  the  river;  and  la.-^tly, 
with  water  only,  in  the  fulling  mill.  The 
above  proportions  of  the  ingredients  pro- 
duce a  brilliant  scarlet  tint,  with  a  slight- 
ly purple  cast.  If  a  more  orange  hue  be 
wanted,  white  Florence  argal  may  be 
used,  instead  of  tartar,  and  some  more 
sumach.  Lac-  dye  may  be  substituted  for 
coehineal  in  the  orancre-scarlets ;  but  for 
the  more  delicate  pink  shades,  it  does  not 
answer  so  well,  as  the  lustre  is  apt  to  be 
impaired  by  the  large  quantity  of  acid 
necessary  to  dissolve  the  coloring  matter 
of  the  lac. 

Shdlac^  by  Mr.  Hatchett's  analysis, 
consists  of  resin,  90*5  ;  coloring  matter, 
0-') ;  wax,  4-0;  gluten,  2-8;  loss,  1-8;  in 
10<>  parts. 

The   resin  may  be  obtained   pure   bv 
treating   shellac   with   cold   alconol,  an^ 
filtering  the  solution  in  order  to  separate 
a  yellow  irray  pulverulent  matter.     \v lien 
the  alcoliol  is  aj^ain  distilled  otf,  a  brown, 
translucent,    hard,   and  brittle  resin,  of 
sj.eeifie  gravity  l-lo9,  remains.     It  melts 
into  a  viscid  mass  with  heat,  and  dilfuses 
an    aromatic  odor.     Anhytirous   alcohol 
dissolves  it  in  all  proj.ortions.     Accord- 
in.:  to  .lohn,  it  consii^ts  of  two  resins,  one 
of  which    di>solves    readily    in   alcohol, 
ether,  the  volatile  and  fat  oils:  while  the 
other  is  little  soluble  in  cold  alcohol,  and 
is  insoluble  in  ether  and  the  volatile  oils, 
rnverdorben,  however,  luus  detected   no 
less  than  four  ditferent  resins,  aii.l  some 
ot  her  >nb'-tance'^,  in  slH-llae.     .Shellac  di.s- 
solv»'-;  with  ease  in   dilute  muriatic  and 
at  ttic  acids  ;  but  not  in  coneentrated  siil- 
[liiiric  acid.     The  resin  of  siiellae  has  a 
■jiiit  tcii'lcncy  to  combine  witli  salltialle 
!•;!-<  -  :  a>  with  cau-tic  }>clash,  wliich  it 
dc(.ri\\'.-«  of  its  alkaline  taste. 

Til  is  solution,  which  is  of  a  dark  red 
«  olor,  dries  into  a  brilliant,  transparent, 
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reddish-brown  mass ;  which  may  he  re- 
dissolved  in  both  water  and  alcouol.    By 

Sossiiiff  chlorine  in  excess  through  the 
ark-colored  alkaline  solution,  the  lac- 
rcAin  is  precipitated  in  a  colorless  state. 
"When  tnis  precipitate  is  washed  and 
dried,  it  forms,  with  alcohol,  an  excellent 
pole-yellow  varnish,  especially  with  the 
addition  of  a  little  turpentine  and  mastic. 

With  the  aid  of  heat,  shellac  dissolves 
readily  in  a  solution  of  borax. 

LACE.  Is  a  species  of  net-work  made 
of  silk,  thread,  or  cotton,  upon  which 
in  old  times  patterns  were  embroidered 
by  the  needle  after  its  construction.  It  is 
now,  however,  almost  always  formed  du- 
ring the  construction.  The  best  laces  are 
mode  at  Mechlin,  Brussels,  Antwerp, 
Ghent,  and  Valenciennes.  In  the  British 
dominions,  at  Nottingham,  and  Limerick. 

The  real  lace,  such  as  was  worn  by  the 
dowagers  of  the  last  centurv',  is  formed 
principally  ofjhx  thread,  and  is  wholly 
worked  by  hand,  not  only  in  the  decora- 
tive parts,  but  in  the  mesh-work  ground 
itselr.  The  bobbin-net  of  modem  times 
is  made  of  cotton  thread  ;  the  meshes 
being  made  wholly  by  machinery  ;  and 
the  figured  device  (if  any)  being  etfeeted 
sometimes  by  the  same  machine  and  at 
the  same  time  os  the  ground,  and  some- 
times by  a  kind  of  embroidery  or  tnm- 
bour-work.  The  silk  net,  such  as  the 
material  of  which  black  veils  are  some- 
times made,  is,  as  its  name  imports,  made 
of #i/i: thread,  and  is  formed  by  machine- 
ry very  nearly  on  the  same  principle  as 
bobbin-net. 

At  what  period  and  in  what  country 
this  elegant  material  was  originally  first 
wrought  for  dress  cannot  perhaps  he 
easily  determined.  It  has  been  supposed 
that  Marv  de  Medici  was  the  tir>t  who 
brought  lace  into  France  from  Venice, 
where,  and  in  the  neigh horiiitj  states  (»f  It- 
aly, lace  seems  to  have  been  lontr  )»revious- 
ly  worn.  It  is  recorded  that  lace-making 
was  introduced  into  En«rland  bv  soiiie 
rcfnsrecs  from  Flanders,  who  settled  near 
Crantield,  now  a  villatre  on  the  west  side 
of  Bedfordshire,  and  adjoining  Bnckinc- 
hamshire  ;  and  it  has  been  Bn]>posed  tiiat 
the  first  kind  so  made  in  Kngland  was 
that  which  is  called  JiruMxd.'f  pnii.t,  the 
net -work  being  made  by  Ixtncb'^lfi/ms  on 
a  pillow,  and  the  pattern  and  Bj>rigr*  being 
work<'d  with  a  needle. 

The  w<^»rking  of  hanjl-inado  or  "pillow 
lace"  may  be  thus  bricHy  des<'ril»«'d  : 
The  lace-maker  sits  on  a  stool  or  chair, 
an<l  places  a  hard  cushion  on  her  lap. 
The  desired  pattern  is  Hketched  upon  a 


piece  of  parchment,  which  is  then  laid 
down  upon  the  cushion :  and  she  inserts 
a  number  of  pins  through  the  parchment 
into  the  cushion,  in  places  determined  by 
the  pattern.  She  is  also  provided  with  a 
number  of  small  bobbins,  on  which 
threads  arc  wound  ;  fine  tnread  being 
used  for  making  the  meshes  or  net,  and 
a  coarser  kind,  called  gimp  or  gymp^  for 
working  the  device.  The  work  is  bp^un 
at  the  upper  part  of  the  cushion  by  tying 
together  the  threads  in  pairs,  and  each 
pair  is  attached  to  one  of  trie  pins  through 
the  cushion.  The  threaos  are  then 
twisted  one  round  another  in  various 
ways,  according  to  the  pattern,  the  bob- 
bins serving  as  liandles  as  well  as  for 
store  of  material,  and  the  pins  serving 
as  knots  or  fixed  points,  or  centres,  round 
which  the  threads  may  be  twistea.  The 
pins  inserted  in  the  cushion  at  the  com- 
mencement are  merely  to  hold  the 
threads  ;  but  as  each  little  mesh  is  made 
in  the  progress  of  the  working,  other 
pins  are  inserted,  to  prevent  the  threads 
Irom  untwisting  ;  and  the  device  on  the 
parchment  shows  where  these  insertions 
are  to  occur. 

The  pillow-made,  or  bone-lace,  which 
formerly  gave  occupation  to  multitudes 
of  women  in  their  own  houses,  has,  in 
the  progress  of  mechanical  invention, 
been  nearly  superseded  by  the  bobbin-net 
lace,  manufactured  at  first  by  hand-ma- 
chines, as  stockings  are  knit  upon  frames, 
but  recently  by  the  power  of  water  or 
steam.  Tins  elegant  texture  possesses 
all  the  strength  and  regularity  of  the  old 
Buckingham  lace,  and"  is  far  superior  in 
these  respects  to  the  point-net  and  warp 
loce,  which  had  preceded,  and  in  some 
measure  paved  the  wav  for  it. 

The  threads  in  bobbin-net  lace  form, 
by  their  intertwisting  and  decussation, 
rcLfiilar  heMi;_'onal  holes  or  meshes,  of 
wlneh  the  two  opposite  sides,  the  upper 
and  under,  are  directed  along  the  breacUh 
of  the  piece,  or  at  right  angles  to  the 
sclvaL'o  or  border.  By  the  crossing 
and  twistinsr  of  the  threads,  the  regu- 
lar six-sided  mesh  is  produced,  and  the 
texture  results  from  the  union  of  three 
sc}nirate  sets  of  threads,  of  which  one 
set  proceeds  downwards  in  serj)entine 
lilies,  a  second  set  proceeds  from  the 
left  to  the  riu'lit,  and  a  third  from 
tlie  rlLrlit  to  the  lett,  both  in  slanting  di- 
reetjiins.  Thesis  o]»li<iuc  threads  twist 
themselves  rr-und  the  \ertieal  ones,  and 
also  cross  each  other  l)ctwixt  them,  in  a 
peculiar  manner.  In  comparing  bohbin- 
nct  with  a  <oninion  web,  tlie  perpen<licu- 
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lar  threads,  which  are  parallel  to  the 
border,  may  be  rejjarded  as  the  warp,  and 
the  two  sets  of  slanting  threads,  as  the 
weft. 

These  warp  threads  are  extended  up 
and  down,  in  the  original  mounting  of 
the  piece,  between  a  top  and  bottom  hori- 
zontal roller  or  beam,  of  which  one  is 
called  the  warp  beam,  and  the  other  the 
lace. beam,  because  the  warp  and  finished 
lace  are  wound  upon  them  respectively. 
These  straight  warp  threads  receive  their 
contortion  from  the  tension  of  the  weft; 
threads  twisted  obliquely  round  them  al- 
ternately to  the  right  and  the  left  hand. 

If  we  pursue  the  path  of  a  weft  thread, 
we  find  it  goes  ou  till  it  reaches  the 
outermost  or  last  warp  thread,  which 
it  twitits  about ;  not  once,  as  with  the 
others,  but  twice  ;  and  then  returning 
towards  the  other  border,  proceeds  in  a 
reverse  direction.  It  is  by  this  double 
twist,  and  by  the  return  of  the  weft 
threads,  that  the  sclvacc  is  made. 

The  ordinary  material  of  bobbin-net  is 
two  cotton  yarns,  of  from  No.  1 80  to  No. 
250,  twisted  into  one  thread  ;  but  some- 
times strongly  twisted  single  yarn  has 
been  used.  I'he  beauty  of  the  fabric  de- 
pends upon  the  Quality  of  the  material, 
a»  well  08  the  regularity  and  small ness  of 
the  meshes.  The  number  of  warp  threads 
in  a  yard  in  breadth  is  fr«»m  600  to  900  ; 
whicli  is  equivalent  to  from  20  to  30  in  an 
inch.  The  size  of  the  holes  cannot  be 
exactly  inferred  fVoin  that  circumstance, 
as  it  cicpcuds  partly  upon  the  oblique 
traction  of  the  threads.  The  breadth  of 
the  pieces  of  bobbin-net  varie-*  from  I 
edgings  of  a  quarter  of  an  inch,  to  webs 
12,  or  even  20  quarters,  that  is,  5  yards 
wide. 

Bobbin -net  lace  is  manufactured  by 
means  of  very  costly  and  complioutecl 
machines,  called  frames. 

The  bobbin  ol'  a  net  machine  is  a  curi- 
ous contrivance.  The  cotton  is  wound 
on  to  a  bobbin  or  reel  from  the  skeins  by 
a  windini?  machine,  and  thence  trans- 
ferred to  the  little  apparatus  of  the  bob- 
bin-net machine.  Tnis  apparatus  is  so 
minute  that  the  whole  of  it,  inclusive  of 
the  bobbin  on  which  the  cotton  w(-ft 
thread  is  wound,  and  the  carriairc  or 
frame  in  which  it  is  ])laee<l,  is  not  tliie-kor 
than  the  dianiL-ter  of  the  im  shc^  in  the 
net  to  be  made.  This  tliicknoss  is  otu-n 
not  more  than  the  one-liiirticth  of  an 
inch. 

The  bobbin  consists  of  two  thin  disks  of 
brass  about  an  inch  and  a  half  in  diame- 
ter, laid  face  to  face,  with  a  slight  inter- 


vening space  ;  and  in  this  minate  space 
the  thread  is  wound,  in  quantity  about 
fifty  or  sixty  yards  to  each  bobbin.  The 
bobbin  is  then  fitted  into  a  kind  of  car- 
riage, which  conveys  it  between  the 
threiuds  of  the  warp^  and  at  the  same 
time  allows  the  thread  to  be  unwound 
from  the  bobbin  :  in  short,  the  ctirriage 
is  to  the  bobbin  what  the  little  boat  or  a 
shuttle  is  to  the  pin  on  which  the  weft- 
thread  is  wound. 

No  less  than  three  thousand  six  hun- 
dred of  such  bobbins  as  are  here  de- 
scribed are  sometimes  used  in  one  ma- 
chine 1  Many  of  the  machines  are  twenty 
quarters  wide — that  is,  fitted  to  the  manu- 
facture of  net  five  yards  in  width  ;  and 
have  twenty  of  these  bobbins  to  the 
inch. 

If  the  arrangement  of  such  a  machine 
bo  examined,  it  will  be  seen  that  the  warp- 
thre;uls  are  wound  on  a  beam  in  the  lower 
part  of  the  machine,  from  which  they  as- 
cend to  the  upper  part.    The  warp  is  di- 
vided into  two  parcels  (somewhat  in  the 
same  manner  as  the  warp  of  a  common 
loom  by  the  action  of  the  treadles),  and 
each  porcel  is  susceptible  of  a  reciproca- 
ting motion,  altematelv  to  the  right  and 
left.    The  weft-threatfs,   wound  on  the 
bobbins,  are  fastened  each  at  one  end  to 
the  upper  part  of  the  machine  ;  and  the 
bobbins  are  suspended  so  as  to  have  a 
backward  and  forward  motion  between 
the  warp-threads,    like   so  many  clock 
pendulums,   being  guided  between  the 
warp-threads  by  a  very  curious  piece  of  ap- 
paratus called  a  *'  comb."    The  principle 
of  action,  then,  is  this  : — Alter  the  bob- 
bins have  been  driven  between  the  re- 
spective worp-threads,  the  warj»  is  shifted 
a  little  on  one  side,  so  that,  when  the 
bobbins  return,  they  pass  through  open- 
inifs   ditfcrent   ft-om   those    which    they 
traversed  in  the  first  instance  ;  and  by 
this  means  the  weft-thre^id,   unwinding 
from  each  bobbin  in  the  course  of  its 
movement,  becomes  twisted  around  one 
of  the  warp-threads.     After  this  has  been 
repeated  two  or  three  times,  the  comb 
which  Ciirries  the  bobbins  is  itself  shifted 
to  and  fro  laterally,  by  which  the  bobbins 
are  brouiriit  opposite  to  opening's  between 
the  warp  threads  ditferent  from  those  to 
whioh  they  were  before  opposed.    Herein 
lies  the  wliole  prinei|)le.     Aceordinsr  as 
the  front   layer  of  warp,    or   the    Ijiiider 
layer,  or  the  ooinb  earrvinff  the  bobbins, 
are  shitted  to  and  fro  laterallv,   80  does 
the  wett  threnl,  as  it  becon)e«  unwound 
from  the  bobbins,  twist  round  the  warp- 
thrcads  during  the  passage  of  the  bobbins 
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across ;  a  shiftinfT}  in  one  or  other  of 
several  diflferent  ways,  bcin^  effected  im- 
mediately after  eacli  travcrne  of  the  bob- 
bin. After  a  certain  number  of  twist- 
injra  have  been  effected,  a  series  of  points 
become  inserted  between  the  warp- 
threads,  and  temporarily  hold  up  the 
knotted  twists  so  as  to  form  the  meshes 
of  the  net. 

It  has  been  often  said,  and  truly,  that 
the  bobbin-net  machine  is  one  of  the 
most  complicated  which  the  ingenuity  of 
man  has  ever  devised  ;  and  it  may  there- 
fore well  be  supposed  that  nothinj^  more 
than  the  bare  principle  can  be  here  ex- 
hibited. Perhaps  it  may  assist  the  reader 
if  we  carrv  out  our  former  supposition  a 
little  further.  Let  a  series  or  «*trinp8  be 
suspended  from  the  ceiling  in  the  two 
rows,  with  the  lower  ends  of  each  row 
fastened  to  a  horizontal  bar :  and  let  a 
number  of  small  pendulums  be  suspended 
between  the  stnnp*,  and  enabled  to  os- 
cillate to  and  fro  between  them.  Then, 
if  after  each  traverse  of  the  pendulums 
between  the  stretched  threads,  the  rows, 
one  or  both,  of  threads  be  shit>ed  a  little 
on  one  side,  so  that  the  pendulums  may 
return  through  openings  different  from 
those  which  they  before  traversed,  we 
should  have  a  system  of  movements  some- 
what analogous  to  those  in  the  machine  ; 
and  the  strings  by  which  the  pendulums 
were  suspended  would  be  found  to  twist 
round  the  stretched  vertical  strinps.  If 
we  further  suppose  that  each  row  of 
btrinjrs  is  capable  of  being  shifted  inde- 
pendent of  the  other,  and  that  the 
pendulum  strings  be  fastened  to  a  shift- 
ing bar  near  the  ceiling,  we  nii^'ht  imitate 
in  a  rough  way  the  series  of  movements 
by  which  net  is  made. 

Not  only  is  plain  net  made  by  these 
movements  of  the  machine,  but  fiirnrcd 
net  also.  In  plain  nets,  all  the  bobbins 
are  moved  similarly  at  the  one  time ;  but 
in  fancy  nets,  some  are  stationarv,  some 
pass  between  the  warp  threads,  some  are 
shifted  laterally  to  the  distance  of  one 
mesh,  BOHio  to  the  distance  of  two  or 
three  meshes,  some  move  to  the  ritrlit 
and  some  to  the  left.  The  warp-threads 
instead  of  beinj?  divided  into  two  parcels, 
are  divirled  into  sevenil,  each  of  which  is 
susceptible  of  the  lateral  movement  in- 
dependent of  the  others  ;  it  is  by  modi- 
fications of  these  lateral  movenjents  that 
all  the  numerous  varieties  of  nutehine 
made  lace  or  nef  are  prod  need. 

A  rack  of  laee  is  u  eert:iin  leuL'th  of 
work  counted  perpendicularly,  and  eon- 
tains   240  mesnes  or  holes.     In  perfect 
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lace  the  mesh  is  elongated  a  little  in  the 
direction  of  the  selvage.    The  price  of 
labor  in  making  a  rack  20  years  ago  was 
$1,  it  is  now  made  for  two  cents ;  so  great 
has  been  the  improvement  and  economy 
in  the  manufacture,  and  this  reduction  of 
cost  illustrates  well  the  great  capabilities 
of  machinery.    In  Mr.  Waterhouse^s  (of 
England)     machine    for   manufacturing 
mechlin-lace,  the  number  of  warp-threada 
in  the  width  alone  is  4,700,  and  a  corres- 
ponding  number  of  bobbins  or   weft- 
threads  are  reqnired,  making  a  total  of 
9,400  threads :  which  represents  the  same 
number  of  bobbins,  and  are  all  kept  in 
motion  at  the  same  time.    In  making 
pillow  lace  it  requires  as  many  hands  as 
there  are  bobbins  :  for  on  the  cushion 
one  hand  must  wait  for  the  other  in  order 
to  obtain  the  register  crossings  of  the 
threads.     Some  idea  mav  be  formed  of 
the  intricacy  of  the  macfiinery  and  the 
ingenuity  displayed  in  the  arrangement. 
Some  of  the  specimens  woven  by  the 
mnchine  were  26  yards  long  and  4  yards 
wide,  and  had  4  patterns  woven  in  it. 
The  number  of  motions  or  throws  that 
would  be  required  to  produce  a  similar 
piece  of  laee  by  hand  would  amount  to 
not  less  than  2,111,016,000. 

LACKER,  or  LACQUER,  is  a  varnish 
consisting  chiefly  of  a  solution  of  pale 
shell-lac  in  alcohol,  tincrcd  with  saffron, 
annotto,  or  other  coloring  matters.  The 
following  are  a  few  of  the  formulas  with 
the  proportions : 

La(  KtR.  (/'"r  mftaU  and  wood — a 
(loUhn  color.)  In  5  half-pints  of  alcohol 
dissolve  1  oz.  of  seed-lac,  gum  dragon, 
gnmbojze,  and  annotto,  also  2  drs.  of  saf- 
fron ;  or,  in  12  oz.  of  alcohol  dissolve  1  lb. 
of  turmeric,  2  oz.  of  annotto,  and  2  oz.  of 
sliell-lac  and  juniper  gum  :  or,  in  2  pints 
and  4  oz.  of  alerjhol  dissolve  k  dr.  or  saf- 
fron and  of  extract  of  red  sanders,  1  dr. 
of  trum  dni<.'f>n,  *2  oz.  of  amber  and  of 
giimV>oire,  autl  -^  oz.  of  seed-lac ;  or,  in  1 
pint  4  oz.  of  ak'ohol,  dissolve  6  drs.  of  tur- 
meric and  lo  grs.  of  satlVon  ;  decant,  and 
add  G  drs.  of  gamboge,  2  oz.  of  gum 
elemi  and  of  gum  sandarac,  and  1  oz.  of 
gum  dniL'on  and  of  sced-lac. 

LAct^rKR  Fou  TrN.  Take  8  oz.  of  am- 
ber, 2  oz.  of  puni-hie,  melt  them  in  sepa- 
rate vessels,  and  mix  them  well  tofrether; 
then  add  4  lb.  of  drvinir  linseed-oil.  Into 
ft  pint  phial  put  half  a  pint  of  spirits  of 
turi<entine,  mid  ditrest  in  it  alitth-  sntl'ron  ; 
when  the  color  is  extraete<l,  strain  the  li- 
(juor.  uud  add  trnm  trngacanth  nnd  an- 
notto, finely  powdered,  and  in  small  quan- 
tities at  a  time,  till  the  required  tone  of 
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color  is  produced ;  then  mix  this  coloring 
matter  with  the  first  compound  before 
prescribed,  and  sliake  them  well  tofrether 
till  a  perfect  union  takes  place.  If  tliis 
varnish  be  laid  over  silver-leaf  or  tin-foil, 
it  will  be  difficult  to  distinguish  it  by  the 
eve  from  ffold.  It  is  by  a  varnish  of  this 
Wind  that  leather,  paper,  or  wood,  covered 
with  silver-leaf,  is  made  to  appear  as  if 
it  were  gilded.  The  lacquer  is  also  np- 
plicuble  to  tin-plate  articles,  but  sniall  ar- 
ticles of  finely-polished  brass»  are  usually 
coated  with  a  thinner  coinpoaition. 

Lacquek  for  Br.^S8  ok  kSiLVhii.  Take  2 
oz.  of  seed-lac,  2  oz.  yellow  amber,  40  grs. 
dragon's  blood,  30  grs.  satlVon,  40  oz. 
spirits  of  wine,  and  digest  on  a  sand-bath. 
Strain  through  a  fine  elotii,  and  e<>rk. 
Clean  and  burnish  the  buttons,  heat  them, 
and  apply  the  Uu<juer. 

Lac  Spirit  is  made  of  muriatic  acid 
(sp.  gr.  l-l'J)  GO  lbs. ;  tin  3  lbs.,  dissolved. 
It  is  used  in  dveing  with  lae-dve  ;  or,  it 
mav  be  made  of  aquafortis  2b  lbs.  and  tin 
4  Ids.  ;  dissolved  gradually  and  >tining 
frequcntlv. 

LACTIC  ACID  was  first  discovered  by 
Scheelc  in  buttermilk,  in  whieli  it  is  abun- 
dant. It  also  e.\ists  in  fresli  milk.  It 
does  not  ervstullize,  and  forms  with  most 
bases,  except  zinc  and  mairnesia,  gum- 
my salts.  It  has  not,  as  yet,  been  turned 
to  any  useful  purpor^e  in  the  arts. 

LACTOMETER  is  the  munc  of  an  in- 
strument for  estiuiiiting  tiie  quulily  t>f 
milk,  eiille'.l  al>"  a  (r'thirti'm<  ft  r.  The 
mo^t  convenient  form  of  jqiiniratns  would 
be  a  series  ot"  glass  tubes  al><>ut  1  indi  in 
diameter,  and  1*J  iiu'hes  iDULf,  irra'lu;;ted 
throutrli  a  space  of  l<t  inches,  iwo-tenllis 
of  an  inch,  Inivini.'  a  stop-cock  at  the  bot- 
tom, and  suspenilcd  ujiriirhL  in  a  frame. 
Tlie  averairc  milk  ofthe  cw  bi-ini.'  poured 
in  to  the  heiL'ht  o^  lo  imhes,  a.-'  sor.n  ^.s 
the  cream  has  all  ^eparal«<l  at  top,  the 
thicknc"^-.  of  its  bod}  may  bi-  mc:i>ui\«l 
by  the  b<'ale  ;  and  then  the  skim  milk  may 
be  run  otV  bi-low  into  a  hy.lroiucicr  i:U'->, 
in  order  to  determine  iN  ilinsilx,  or  rila- 
tive  ricliiu's>  in  ca-i-ous  jnatlcr. 

LAK  ES.  I'nder  this  title  are  compris- 
ed all  tho-c  C'-Iors  which  eon>i'^i  ot"  a  \e- 
getable  d\c.  combined  \*\  j-rci  ipitali<  n 
with  a  white  earthy  basis,  whirh  is  usu- 
ally alumina.  Tlu-  i:en(nil  meth-  d  oi" 
jireparalioii  is  tf»  add  to  the  e(  lond  iiilu- 
sion  a  soluii,.n  oi'coiiinion  alum,  or  rather 
a  >olution  of  alum  >alur;itt<l  witii  j-ota^h, 
especially  when  the  ini■u^ion  has  been 
made  with  the  aid  of  acids.  At  tii>t  only 
a  slight  precipitate  falls,  con^istinL'  oi'alu- 
mina  uud   thf  culoriuif   uuitter ;    but   on 


adding  potash,  a  copious  precipitation  en- 
sues, of  the  alnmina  associated  with  th« 
dye.  When  the  dyes  are  not  injured,  but 
are  rather  brightened  by  alkalies,  the 
above  process  is  reversed*;  a  decoction  of 
the  dye-Btutt*  is  made  with  an  alkaline  li- 
quor, and  when  it  is  filtered,  a  eolation  of 
alum  is  poured  into  it.  The  third  method 
is  practicable  only  with  substances  hav- 
ing a  great  affinity  for  subsulphate  of  alu- 
mina ;  it  consists  in  agitating  recentlj 
precipitated  alumina  with  the  decoction 
of  the  dye. 

YeUow  lakfs  are  made  with  a  decoction 
of  Persian  or  French  l>crries,  to  which 
some  potash  or  soda  is  added  ;  into  the 
mixture  a  solution  of  alum  is  to  be  pour- 
ed as  long  as  any  precipitate  falls.  The 
preeipitate  must  be  filtered,  washed,  and 
formed  into  cakes,  and  dried.  A  lake 
may  be  made  in  the  same  way  with  quer- 
citron, taking  the  precaution  to  purify  the 
decoction  of  the  dye-stntf  with  butter- 
milk or  glue.  After  filtering  the  lake,  it 
maybe  briirhtcncd  with  a  solution  of  tin. 
Anuotto  lake  is  formed  by  dissolving  the 
dve-stulf  in  a  weidi  alkaline  lev,  and  add- 
inir  alum  water  to  the  solution.  Solution 
of  tin  ffives  this  lake  a  lemon  yellow  cast ; 
acids  a  reiUlish  tint. 

li'd  Ud-ea. — The  finest  of  these  is  ear- 
mih€. 

This  beautiful  piirment  was  accidentally 
discovered  by  u  rrancisean  monk  at  Pisa, 
lie  formed  an  extract  of  cocinneal  with 
salt  of  tartar,  in  order  to  employ  it  as  a 
nudieine,  and  obtained,  on  the  addition 
of  an  acid  to  it,  a  fine  red  precipitate, 
llomberg  jiublished  a  i>rocess  t*or  prepar- 
ing it,  in  I'ioO.  Carmine  is  the  coloring 
matter  ot"  eochined,  ]>repared  by  pre- 
ci[)itation  from  a  decoction  of  the  drusr. 
Its  Composition  varies  aiH'ording  to  tlie 
nioile  (U'  makinir  it.  The  ordinarv  car- 
mine  is  j>repareil  with  alum,  aiul  ei'nsists 
ot  mi  niiiiuiin  i  see  (  ociiiNKAL},  a  little  ani- 
mal matter,  alumina,  and  sulphuric  acid. 
^ee  (  'aumim:. 

( ',/ /■?/!' !i''f<  </  hily,oi\\]o<\  lake  of  Florence, 
Paris,  or  A'icnna.  For  making  this  pie- 
meiit.  the  litpior  is  u>ually  employed 
wiiieh  is  decanted  trom  the  carmine  pro- 
cess. Into  this,  newly  ]uecipitated  alu- 
luiiia  i-^  j'Ut  ;  the  mixture  is  siirrctl.  and 
heat<d  a  little,  liut  notlooniuch.  "When- 
ever the  alumina  has  a]>sorl>cd  the  color, 
the  mixture  i-.  allowed  to  fccltle,  and  the 
liquor  i-,  di'aw  u  <  if. 

Somelimo  almu  is  dissolved  in  the  de- 
coetioji  of  coehineal.  and  potjish  is  tlien 
added,  to  tlirow  down  tlie  alumina  in 
oouiliinntH.)!!    uith   the   coloring  matter; 
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bnt  in  this  way  tax  indifferent  pigment  is 
obtained.  Occasionally,  Evolution  of  tin  is 
added,  to  brighten  the  dye. 

A  lake  may  be  obtained  from  kcrmes, 
in  the  8ame  way  as  from  eoc-bincul ;  but 
now  it  is  seldom  had  recourt^e  to. 

Brazil-wood  lakes.  Brazil-wood  is  to 
be  boiled  in  a  proper  quantity  of  water 
for  15  minutes ;  then,  alum  and  solution 
of  tin  being  added,  the  liquor  is  to  be  fil- 
tered, and  a  solution  of  potash  poured  in 
as  long  as  it  ocaisions  a  precipitate.  This 
is  separated  by  the  filter,  washed  in  pure 
water,  mixed  with  a  little  gum  water,  and 
made  into  cake{>.  Or,  the  Brazil-wood 
may  be  boiled  along  with  a  little  vinegar, 
the'  decoction  filtered,  alum  and  salt  of 
tin  added,  and  then  pota.*h-ley  poured  in 
to  precipitate  the  lake.  For  1  lb.  of  Bra- 
zil wooct.  30  to  40  lbs.  of  water,  and  from 
H  to  2  Ids.  of  alum,  may  be  taken,  in  pro- 
ducing a  deep  red  lake  ;  or  the  ynme  pro- 
portions with  half  a  pound  of  solution  of 
tin.  If  the  potash  bo  added  in  excess, 
the  tint  will  become  violet.  Cream  of 
tartar  occasions  a  brownish  cast. 

Madder  lake,  A  fine  lake  mav  be  ob- 
tained from  madder,  by  washing  \x.  in  cold 
water  as  long  as  it  gives  out  color ;  then 
sprinkling  some  solution  of  tin  over  it, 
and  setting  it  aside  for  some  do  vs.     A 

f gentle  heat  may  also  be  applied.  The  red 
iquor  must  be  then  separated  by  the  fil- 
ter, and  decomposed  by  the  addition  of 
carbonate  of  sooa,  when  a  tine  red  preci- 
pitate will  be  obtained.  Or,  the  reddish 
Drown  coloring  matter  of  a  decoction  of 
madder  may  w  first  separated  by  acctote 
of  lead,  ana  then  the  rose-red  color  with 
alum.  Or,  madder  tied  up  in  a  ba£r  is 
boiled  in  water ;  to  tho  decoction,  alum 
is  added,  and  then  potash.  The  precipi- 
tate should  be  washed  with  boiling  water, 
till  it  ceases  to  tinge  it  yellow  ;  and  it  is 
tlien  to  be  dried. 

The  following  process  merits  a  pre- 
ference : 

Ditluse  2  pounds  of  ground  nui(l<kr  in 
4  quarts  of  water,  and  alter  u  niacerution 
of  10  minutes,  strain  and  sciiuc/.c  tlic 
grounds  in  a  press.  Repeat  tliis  nmccra- 
tion,  <fec.,  twice  upon  tlic  same  portion 
of  madder.  It  will  now  have  a  tine  r<tse 
color.  It  must  be  mixed  with  5  or  ti  n>s. 
of  water  and  half  a  lb.  of  brui>c<l  ahun, 
and  heated  upon  a  warm  bath  for  8  or  4 
hours,  with  the  addition  of  water,  as  it 
evaporates,  after  whieh  the  whole  niuft 
be  thrown  upon  a  filter  clotli.  The  Tuiuur 
whieh  pashcs  is  to  be  filtered  thruu;^'h 
paper,  and  then  precipitated  by  carbo- 
nate of  potash.     If  the  potash  be  added 


in  three  successive  doses,  three  different 
lakes  will  l>e  obtained,  of  successively  di- 
minishing beauty.  The  precipitates  mast 
be  washed  till  the  water  comes  off  color- 
less. 

Blue  lakeft  are  hardly  ever  t^reparcd,  as 
indigo,  Prussian  blue,  cobalt  blue,  and 
ultramarine,  answer  every  purpose  of  blue 
pigments. 

(ireen  lake*  are  made  by  a  mixtolre  of 
yellow  lakes  with  blue  piementK;  but 
chrome  yellows  mixed  with  blues  produce 
almost  all  the  requisite  shades  of  green. 

LAM1NA6LK  is  said  of  a  metal,  which 
may  bo  extended  by  passing  between 
steel  or  hardened  (chilled)  cast-iron  roll- 
ers.    See  iKon  and  Mint. 

LAMPS  were  first  invented  by  the 
Egyptians,  from  whom  the}  passed  to 
Greece  and  Rome.  They  were  made  of 
baked  earth,  iron,  copper,  silver,  gold, 
and  glass. 

Ordinary  lamps  are  only  arrangements 
whereby  materials  (fat)  which  are  fluid 
at  commoB  temperaiures,  as  the  oils,  are 
consumed.  The  first  object  is  to  isolate 
as  much  of  the  oil  as  is  required  for  the 
production  of  a  flame.  The  simplest 
manner  in  which  this  can  be  effected,  is 
that  ]>ractised  in  the  night-lights. 

On  a  layer  of  oil  covering  the  surface 
of  the  water  there  swims  a  brass  cup,  at 
the  bottom  of  which  is  a  small  piece  of 
glass  tube,  fitted  tight  by  a  corK.  Al- 
though, before  ignition,  the  oil  rises  in 
the  interior  of  that  tube  above  the  level 
on  the  outside,  yet,  as  the  capillarity  of 
the  tube  is  annihilated  by  the  heat, 
the  fluid  is  actually  depressed.  To  ob- 
viate this,  the  tube  must  be  fixed  so 
far  below  the  surface  of  the  oil,  that  the 
greater  pressure  of  the  oil  without  shall 
overcome  the  depression  within.  In  this 
manner  the  insulated  oil  in  theotherend 
iiiiiy  be  iiriiited,  and  continues  to  burn  by 
itself.  Tlie  conditions  under  which  the 
oil  is  constinied,  so  far  as  the  production 
of  liirlit  is  concerned,  arc  most  unfavora- 
ble, altlioiijrh  the  purpose  of  n  night 
lamp  is  fully  answered  ;  for  the  flame  is 
nuH'h  too  small  for  producing  liirht  for 
eoiiniion  pur}>oseH;  and,  if  the  size  of  the 
tube  is  increased,  the  oil  will  no  lonjrer 
burn,  and  the  llamc  is  too  low  down  to 
liL'lilen  well  the  room.  Both  of  these 
I  evils,  particularly  the  hitter,  arc  avoided 
by  the  use  of  wicks.  The  common  kit- 
eiicn  lamp  is  u  slitrht  ini]»ro\enient  on 
tliis.  Tiie  folldwintr  aic  the  essential 
points,  which  it  has  been  the  object  of 
inventors  to  attain,  sometimes  singlv, 
sometimes  several  at  onca. 
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1.  To  select  such  a  form  (section)  of 
wick,  that  the  quantity  of  decomposed 
oil,  and  the  Rimiiltaneoiis  supply  of  air, 
may  stand  in  the  relation  to  each  other 
that  the  hydrogen  and  carbon  may  be 
consecutively  consumed,  and  consequent- 
ly no  smoke  produced. 

2.  To  make  the  distance  between  the 
burning  part  of  the  wick  and  the  surface 
of  the  oil  as  unchangeable  as  possible,  in 
order  that  as  much  oil  may  be  drawn  up 
at  last  as  at  first. 

8.  To  place  the  reservoir*  of  oil  in  such 
a  position  that  the  shadow  shall  occasion 
little  or  no  inconvenience.  The  use  made 
of  the  lamp  will  regulate  its  form.  Occa- 
sionally these  cannot  correspond. 

Thus,  the  shadow  of  wall-lamps  is  un- 
important, as  the  lamp  covers  its  shadow ; 
BO  the  shadow  of  a  study-lamp  is  not  a 
fault,  as  it  is  only  used  by  one  person  ; 
yet  still  its  prevention  is  an  improve- 
ment. 

4.  To  throw  the  light,  radiating  from 
the  flame,  by  means  of  collect»)rs  and  re- 
flectors, from  those  parts  where  it  is  of 
little  or  no  service,  in  the  direction  most 
required. 

The  requisites  stated,  under  No.  1,  have 
have  been  complied  with  in  two  ways ; 
first,  by  controlling  the  access  of  air  (the 
quantity  of  air) ;  on  the  other  bv  regfu- 
lating  tlie  supply,  and  often  by  V>oth  at 
the  same  time. '  We  have  reference  to 
that  part  of  the  lamp  called  the  burner. 

When  there  is  much  oil  burned  at  the 
one  point,  the  current  of  air  supplied  on 
the  outside  is  never  sufficient  for  burning 
awiiv  the  oil  completely,  so  as  to  i)roduc'c 
only  water  and  carbonic  ncid  ;  on  the 
contrary,  an  anio\mt  of  carbon  is  deposit- 
ed, owins"  to  tlicir  not  bein?  owifon 
enouirh  to  burn  it  fully  away  into  carl)o- 
nic  acid:  the  flame  soots.  This  great 
evil  was  to  a  certain  extent  reincdicd  by 
the  invention  of  the  Arffn/ul  lainn,  called 
after  Mr.  Argand,  who  first  produced  it 
in  17f^4:.  Tlio  principle  on  which  the  su- 
periority of  the  Argand  lamp  depends,  is 
the  admission  of  a  larger  nuantiiy  of  nir 
to  the  flame  than  can  be  done  in  tiic  com- 
mon way. 

This  is  accomplished  by  makine  tlie 
wick  of  a  circular  form,  by  which  means 
the  current  of  air  rushes  t^irouL'h  the  cyl- 
inder on  which  it  is  placed,  with  jrreat 
force,  and  along  with  that  wliich  has  ac- 
cess to  the  outside,  excites  the  Ihnnc  to 
such  a  dcirree  that  the  smoke  is  entirely 
consumed  ;  thus  both  the  liL'ht  and  heat 
are  prodigiously  increased.  The  combus- 
tion bcin;r  exccedinijlv  auixmented  bvtlie 


!  quantity  of  air  admitted  to  the  flame,  and 
what  in  common  lamps  is  dissipated  in 
smoke  is  here  converted  into  brilliant 
flame.  This  lamp  is  now  very  much  in 
use,  and  is  applied  not  only  to  ordinary 
purposes  of  illumination,  but  also  to  that 
of  a  furnace  for  chemicid  operations,  in 
wliich  it  is  found  to  excel  every  other  con- 
trivance yet  invented.  It  consists  of  two 
parts,  a  reservoir  for  the  oil,  and  the  lamp 
itself.  The  argand  burner  is  made  bv 
forming  a  hollow  cylindrical  cavity,  which 
receives  the  oil  from  the  main  bocly  of  the 
lamp,  and  at  the  same  time  transmits  air 
through  its  axis  or  central  hollow ;  in  this 
cavity  is  placed  a  circular  wick  attached 
at  bottom  to  a  movable  ring;  this  ring 
may  be  raised  or  depressed  by  rack  and 
pinion  work,  or  more  commc  r\y  a  screw, 
so  that  the  height  of  the  wick  Jiay  be  va- 
ried to  rcffulate  the  size  of  the  flame.  On 
the  outside  is  placed  a  glass  chimney, 
which  transmits  a  current  of  air  on  the 
same  principles  us  a  common  smoke  flue. 
When  this  tamp  is  lighted,  the  combus- 
tion is  vivid  and  the  light  intense,  owing 
to  the  free  and  rapid  supply  of  air.  The 
flame  does  not  waver,  and  the  smoke  is 
wholly  consumed.  The  brilliancy  is  in- 
creased if  the  air  be  made  to  impinge  later- 
ally against  the  flame.  This  is  done  bv  nar- 
rowing the  glass  chimney  near  the  l^laze, 
so  as  to  bend  tlie  air  inward,  or  by  plac- 
ing a  metallic  button  over  the  blaze,  so  as 
to  spread  the  internal  current  outward. 

To  avoid  the  shade  occasioned  in  com- 
mon lamps  by  the  reservoirs  for  the  oil 
being  under  the  flame,  various  contriv- 
!  ances  have  been  introduced,  in  which  the 
'  reservoir  is  ]>laced  at  a  distance  from  the 
flame.  In  the  astral  and  sinumhra  lamps, 
the  principal  of  which  was  invented  oy 
i  Count  Kumfbrd,  the  oil  is  contained  in  a 
I  horiz<uifal  ring,  having  a  burner  at  the 
centre,  eojnmunicating  with  the  ring  by 
two  or  more  tubes  placed  like  rays.  The 
wick  is  placed  a  little  below  the  level  of 
tlic  flame,  and  from  its  large  surface  af- 
fords a  suy>ply  of  oil  for  many  hours.  A 
small  aperture  is  left  for  the  admission  or 
escape  of  the  air  in  the  upper  part  of  the 
riiiir.  When  these  lamps  overflow,  it  is 
because  the  rin'j  is  not  kept  perfectly  hor- 
izontal, or  else  because  the  air  hole  is  ob- 
structed— a  circumstance  which  may  bo 
]»rodiiccd  by  filling  the  lamp  too  high  with 
oil. 

In  all  common  lamps  the  oil  box  is 
above,  and  wliile  it  allows  the  oil  to  flow 
down  upon  the  wick  and  keep  it  moi««t, 
it  casts  an  objectionable  shadow.  To  ob- 
viate this  the  oil  box  is  placed  in  some 
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lamps  bdoWf  and  the  oil  has  to  be  raised: 
thin  involves  ingenioas  bat  oomplicatca 
apparatus. 

GirartTa  hydroftoHe  lamp  is  constructed 
on  precisely  the  some  principles  as  the  air 
chamber  of  a  Are  enirine,  or  similar  to  the 
fonntfunofHero  (which  see).  The  second 
illastration  driven  under  that  article  is  an 
ideal  lamp  of  Girard.  The  air  vessel,  air 
ohumber,  and  connectin^^  tubes  are  closely 
packed  U^ether.  Its  shape  is  inconve- 
nient and  limits  its  extended  use. 

In  1325  Thilorier,  ut  Paris,  invented  a 
lamp  in  which  the  principle  of  the  equili- 
brium of  fluid  pressure  is  made  uac  of: 
if  two  fluids  of  different  densities  be 
placed  in  tubes  connected  at  the  bottom, 
they  will  balance  each  other  at  diflerent 
heights,  according  to  their  respective  den- 
sities. Thus,  a  column  of  mercury  1  inch 
high,  will  balance  a  column  of  sulphuric 
ether  of  19  inches,  or  a  column  ot  oil  14 
inches. 

Thilorier  used  a  solution  of  cc^ual  parts 
of  white  vitriol  and  water,  which  is  li 
times  denser  than  oil.  So  that  10  inches 
of  the  zinc  solution  can  balance  15*7 
inches  oil  in  the  other  tube.  As  the  oil 
diminishes  by  burning,  the  zinc  solution 
exerting  its  pressure  upon  it  keeps  it  up 
to  the  original  level.  Thia  lamp  cannot 
well  be  moved  or  carried  about,  without 
fear  of  being  extinguished. 

In  the  mechanical  lamp  it  is  a  pump 
which  is  used  to  raise  the  oil  up.    In  Car- 
ceVa  lump  the  pump  i»  worked  by  clock- 
wheel  arrangement.     The  case   for  the 
works  and  space  for  the  supply  of  oil  are 
at  the  foot  of  the  lamp  :  the  stem  of  the 
lamp  contains  only  the  asconding  tube, 
which  separates  above  over  tlic  capital 
into  a  forked  appendoge  or  cnitch,  upon 
which  rests  the  burner  with  its  two  Q<m- 
centric  tubes.    The  burner  and  asceiulinfr 
tube  form  a  space  connected  witlj  the  oil 
vessel  by  the  pump.     Three  little  pumps, 
termed  priest  pumps,  are  alternately  act- 
ing,  one   being   forcing,   the   second   is 
sucking,  and  the  third  midway  between 
the  two.    Motion  is  obtained  by  a  spring 
wound  up  in  a  case  and  furnished  with 
cogs,  which  oct  ttpon  the  wheel  which  [ 
works  the  pumps.    This  lamp  burns  well,  ' 
but  it  is  costly,  is  liable  to  get  out  of  order,  , 
and  c^annot  always  readily  be  repaired.        I 
Vapor  Ittmpa  are  those   in  whieh  the  ' 
fluid  m  the  lump  is  first  vaporized,  and 
the  heat  tlius  produced  wliile   biirnintr 
tends  to  raise  a  fresh  quantity  of  fluid  up 
in  the  form  of  vapor.      A  little   cup  of 
spirits  of  wine,  or  a  cloth  soaked  with 
tne  same,  and  surroui  ding  the  nozzle  of 


the  lamp,  arc  the  nstial  means  of  vaporiz- 
ing the  liquid,  which  is  usually  one  part  of 
turpentine  mi.xed  with  4  parts  of  alcohol 
of  90  per  cent. 

iSolxir  lamps.  The  chief  point  in  the 
construction  of  these  lamps  is  the  man- 
ner in  which  the  air  is  caused  to  impinge 
upon  the  flame  by  the  adaptation  of  a 
metallic  or  gloss  cone.  Thid  admits  of  a 
crude  and  cheap  oil  being  used,  which  in 
other  lamps  would  smoke. 

A  very  beautiful  kind  of  miniature  «o2ar 
lamp,  for  those  who  have  much  writing 
at  night,  is  manufactured  by  Messrs  £n- 
dicott  and  Sumner,  N.  Y.  The  light  of 
one  is  equal  to  that  of  six  sperm  candles, 
and  it  can  burn  cither  oil  or  lard.  A 
pound  of  lard  lasts  about  twentv  hours. 
The  air  is  admitted  to  the  flame  all .  ound 
it,  inside  and  out,  thus  supplying  it  with 
plenty  of  oxygen,  consequently  there  ia 
no  part  of  the  flame  blue,  but  all  la  a 
brifflit  white  light. 

AVhale  oil  is  so  thick  and  coarse  when 
cold  that  it  does  not  readily  ascend  the 
wick  until  heated. 

Parker'^8  ecfmomi^;  or  hot  oil  lamp  was 
intended  to  obviate  this,  ond  has  tne  oil 
vessel  as  a  double  cylinder,  surrounding 
the  up})er  part  of  the  chimney.  This  latter 
is  slightly  curved  outwards,  bo  as  to  re- 
flect the  heat  upon  the  oil  vessel ;  the  hot 
oil  descends  by  the  arm  to  the  burner.  A 
slide  regulates  and  cuts  off  the  supply,  so 
that  the  oil  vessel  may  be  removed  to  be 
filtered.  Care  must  be  taken  iojill  the  ves- 
sel with  oil  and  allow  no  air  to  remain,  as 
its  expansion  would  make  the  oil  overflow. 

Cofftji/une  UimpM. — Oil  of  turpentine  ia 
the  liquid  in  these  lomps.  This  sub- 
stance is  coiii]>oscd  in  100  parts  of  88-46 
of  carbon  and  11-54  of  hydroffcn,  which 
corresponds  to  the  formula  C'°  H^.  This 
rjuontity  of  carbon  is  vastly  above  what 
is  found  in  oils,  and  hence  more  air  is 
rcq^uiaito  to  bum  it  without  sooting. 
This  is  accomplished  by  putting  a  but- 
ton in  the  flome,  and  narrowing  the  glass 
at  the  point  where  the  flame  is  thrown 
out.  Sometime*  the  current  of  air  which 
supplies  the  inner  part  of  the  flame  is 
mtule  to  pass  throuirh  the  reservoir  of 
turpentine,  which  b<*comes  heated  10°  or 
15°  above  the  tcmpeniture  of  the  sur- 
roundinjjr  air. 

A  Pbitina  Unnp  hns  been  made  by  Mr. 
Merrvweather,  «)f  Whilbv,  Eiiirlaiul,  some 
years  since.  If  a  coil  of  siiiull  platina 
wire  1k'  placed  around  the  wick  of  a 
spirit-lamp,  an*!  rendered  red  hot,  the 
wire  contniues  itrnited  for  some  time 
at^er  the  flamo  is  blown  out.     The  lower 


1.  To  selert  nuch  o  form  fnfrtion)  of 
wick,  that  Ih*  qiiuitity  of  dewrnpoMii 
oil,  «nd  tho  Bimiiilaneoii*  najiply  of  air, 
may  stitnd  in  llie  relation  lo  cucii  otlirr 
that  the  liydroaen  and  rarbon  may  he 
conneciitiveiy™'"*"'"^, 'I'd  muaequcDt- 
ly  no  smoke  prodnped. 

9.  To  nuke  tbe  diaUnce  between  the 
burning  part  of  the  wick  and  the  surTuee 
of  tho  oil  «fi  aiichangeoble  a«  possible,  in 
order  chat  aa  much  oil  niiv  be  drawn  up 
at  Inst  aa  at  fint. 

S.  To  plaee  the  reservolf  of  oil  in  stieh 
a  position  that  Che  nhailow  nhall  orenfion 
little  or  no  ineonvenlence.  The  urM!  made 
of  the  lamp  will  regulate  its  form.  Ucca- 
aionally  the^e  cannot  corrci'pond. 

Thu«.  the  shadow  of  wall-lumps  ta  un- 
important, as  the  lamp  covera  its  shadow; 


i.  To  throw  the  Ij^hl,  nidiatini;  fVom 
tho  flame,  by  means  of  colleeWra  and  re- 
Seetors,  iVom  thn^e  parts  where  it  is  of 

The  requisites  staled,  under  No,  1,  have 
hare  been  complied  with  in  twowavs; 
first,  by  controlling  the  nceess  of  air  (the 
quantitvof  air) ;  on  the  other  hv  inga- 
lating  the  aappiy,  and  often  hv  Voth  nt 

that  pan  of  tiie  lamp  called  the  bnrner. 

When  there  i»  much  oil  burned  al  the 
one  p'lint.  tho  current  of  nir  Kiipniieil  on 


tth  to  born  it  fullv  awav  Into  carlxi- 
iL'id :  the  tlnme  soots.  This  jrreal 
t  remedied  by 


the  invention  of  the  Ar^md  lamp.  Galled 
after  Ur.  Annind,  who  tirst  procliieed  it 
in  IT!)1.  The  principle  nn  which  (he  sn- 
'■■"  ■'  depend«,is 

»  the  Hnmo  than  can  lie  ilouo  in  tlie  < 

.hin^  the 


■omplJHlied  by 
Milnr  Ibrm.  hv  whieh  me»nii 
fair  rushes  tlirouffh  the  e>l- 
Inder  on  which  it  is  plocci],  irith  fcrcat 
Ibrcc,  and  alons  with  that  which  hns  ac- 
cess to  tiie  outside,  excites  the  flamo  to 

coiiiinmed  :  thus  both  the  llirhc  and  hea't 
are  pro.iiniousLy  increased.  The  combus- 
tion beluj  cieecdlngly  augmonted  by  the 


ItB    lIBRFt'L    Aim.  [lAU 

qnanliiy  of  air  admitted  to  the  name,  and 
what  in  common  lamps  is  dissipated  in 
smoke  it  here  converted  into  brilliant 
flame.  This  lamp  Is  now  very  moch  in 
~i,  and  is  applied  not  only  to  ordinary 

OSes  of  illumination,  bu* -'-- --  *'--' 

furnace  for  ehcmicul  o 


lurposes  ol 


o  that 


Irivanoe  yet  inrcnied.  It  consists  of  two 
parts,  a  reservoir  for  the  oil,  and  tho  lamp 
itself  The  arpind  burner  le  made  by 
forminira  hollow  cylindrical  cnvitv,  which 
receives  the  oil  from  the  main  body  of  tho 
lamp,  and  at  the  same  time  tmnsmiiti  nir 
through  its  axis  or  central  hollow  ;  in  thia 
cavity  is  placed  a  circnljr  wick  ntioclied 
al  biPitom  to  a  movable  rin?;  this  rlnft 
maj'  be  raised  or  depressed  by  rnck  and 

so  that  the  height  of  the  wick  .nay  be  va^ 


When  this  lamp  is  liehtcd,  the  combus- 
tion is  ^'ivid  and  the  lifcht  intennp,  owinir 
to  the  free  and  rapid  supply  of  nir.  The 
flame  does  not  waver,  and  Iho  amnkc  is 
wholly  con-umed.  The  brilliancy  is  in- 
creaspd  If  llie  sir  be  madn  to  impinice  later- 
allyiigainsttheflame.  Thia  is  done  bv  nar- 
TOwine  the  elnss  chimney  nour  the  l>leM, 
BO  as  to  bend  the  air  inwon.),  or  bv  plao- 
ini  a  melnlhc  button  over  the  blaw,  So  as 
to  spread  the  mtemal  cntTcnt  oiuwnrd 

To  avoid  the  shade  occiu«loned  in  com- 
mon lamps  by  tho  reservoirs  for  the  oil 
he.nii  under  the  flame,  vnrions  contriv- 
ancci  liove  been  introduci^,  in  which  the 
reservoir  is jrfneed  at  a  distance  (mm  the 
ind  tinttmhra  lamps, 
■'•   —  -   ■       -ntedV 


fords 'nu,>'i!lyofoii  t^r  m^nV  hon™'' 
small  aperture  is  left  for  thoidmiMitin 
escape  of  the  ur  in  the  n  ppor  part  of  t 


i'.:::'""  wi,^;  "ih.:"  'v  tp*'' part  of  the 

nng.  » lien  tnese  lampa  overflow,  it  is 
beainse  the  nnffis  „„,  fc^pj  p„rt1,rtly  l.or- 
iionlol,  orelsebecmiBo  the  nir  hole nob- 
stnicied--a  eimnnsianHi  whini.  >...»  »_ 
pjjoduoed  by  filling  the  lamp  ^hiSTCitb 

in  all  rommon  lamps  tho  oil  bos  U 
above,  imd  whUe  it  „l\„tn  Iho  oil  to  flow 
dowii  upnn  tie  wick  and  kovp  il  niol*! 
it  rasls  an  n^Mtionable  Bhadow.  To  ok 
viate  ilil.  the  oil  box  i.  ptac«d  in  Mm 


ptutia  i>aiistrae(«il  of  tin,  in  the  body  of 
which  ii  »  nwervoir,  Urge  enoiigli  to 
conlain  a  qu«rt  of  «1h)1io].    Tlio  boHom 
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bottom,  Hid  in  this 


I  npresil  in  the  Torr 
top  of  the  lamp,  n 


riclt,  und  CO 


Icked  111 


Iv  in  contact,  but  not  to  tonch  il.  After 
the  rescn-oir  hitit  beeo  flllod  with  dcohol, 
the  wicli  i*  to  tie  inflamed,  and  s  minule 
■tterw&nls  tlie  spoiiiv  pint  ills  becomes 
incandcKcent.wiien  the  flame  of  the  wick 
ct  be  Huddeniy  biown 


Sw  cover  to  be  i 
e  plattno.      Wi 


niebts.  Ifatiibe  Is 
of  nicobol)  Slid  llie  i 
kept  iiriiitoJ  for  year 


leiHJ      OIOWM      Olll,     HIKL    HIV 

be  immcdialelf  placed  over 


r  fiirtiiei 


rvpla- 


deteriorated  by  lieing  liept  in  n  Ml 
constant  ignition.  Two  objcctioi 
this  lump,  the  e!fpen<iG  of  tlie  xirolio 
the  odor  ore  removed,  since  equai 
of  alcohol  and  whisky  answer  b»  .  . 
OS  pnre  elcohol ;  or  one-third  of  hI- 
eohol  aod  two-thirds  of  whisky, 


vreil 


s  for  eifflit  hoi 


Whi 


key  consisht  of  4  puis  of  ttlwliol  and 
8  ports  of  water.  As  a  Tcinidy  f<>r 
the  second  olijection,  an  ai>panitiis  fi)r 
Oondcnsing  the  viipor  is  iniiiio  of  tin, 
which  is  to  he  siispendcil  from  a  nail  in 
the  wall.  The  aloss  tube  of  liie  lamp  is 
lo  lie  insertetl  into  tlic  tin  tnlie  of  the 
condenninf  apparnlua.  whi 
pletcly  destroy  the  strong 
vapor,  and  the  liqiiid  is  <lro' 
atop-cock  at  the  hiJc  of  the 


of  Ihc 


h  liie 


'  .?pi. 


thealcobol  npprnximutcs  pure  liydrosen, 
■od  has  little  ciirhon.  ittlKes  much  nxy- 
Een,  which  confers  the  heat,  and  tliero 
being  no  carlion,  there  is  little  liniit  uud 
no  sinoke  :  so  that  it  forms  no  cnrbonie 


ancous  vnpop,  sivmir  oi 
11  chemical  purpn>e».    1 


9  the  higheat  d«- 

nense.      Tlio  spirits  or    alcobol   stould 

should  weiKU  five  pints  of  water. 

Spirit-lami>B   produce  little  flame  but 

resuil  t>om  the  joint  action  of  hyiiro- 
^enand  carbon.  They  are  to  i>e  trimmed 
with  a  twisted  cotton  wick  and  alcohol, 
and  Clicy  have  the  advantage  of  intense 
heat,  without  smoke  or  chemicil  combi- 
nation with  snbslunces  applied  to  them. 
Sometimes  several  wicks  are  combined 
in  a  hollow  cylinder,  raised  above  the  ta- 
ble, and  a  cliimney  may  be  added,  with 
which  it  becomes  a  powerfnl  furnace. 
The  alcohol  should  be  about  -M  or  -SJ. 
Pyrolicneous  ciber  may  be  subslitt 


™, 


Double  wick,   sud  Argand  oil-lumps 


by  sndden  heat,  cut  or  seratcli  the  base 
of  the  iflos^  with  a  diamond,  and  oAer- 
warda  puddcn  heat  may  be  applied  with- 


yliiider  of  wire 
he  kindling  of 


ouiited  wii 


r  witliout  endai 

lurround  him ;  I 
hydroeen,  in  paxsinjc  t 
■>  of  the  cylindrie  oovi 
by  Iho  conducting  power 


.  poiul 


lVi'(|iiency  of  e:tplosiona  In  coal 
n  Ktiiland  led  the  Mining  Board 
country  to  apply  lo  Sir  H.  Dtvj 
li^^|>c  he  itilflit  lie  able  to  appl^ 


fM  icniti 

found  that 
and  made  I 


:plodo  anlesa  a  body  M 

.  "Sa'dlS 
u  inflwned 
ital  tubes  of 


contact  with 
I  pans  throDib  i 


tliiit  it  kept  the  inflamed  and  uninflamed 
portiuiiB  perfectly  diitincL  On  ftlith«r 
.  enporiment,  he  foond  that  ar-"' • 


lap] 
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tabes  ansDPered  as  veil  as  tabes  of  any 
length,  and  hence  a  sheet  of  wirc-ganze 
was  equally  efficient :  he  formed  his  safe- 
ty lamp  therefore  of  a  tube  of  gauze,  which 
prevented  the  inner  flame  of  gas  from 
spreading  outwards  into  the  grejit  body 
of  Are  damp.  It  has  been  the  means  of 
saving  many  htmdred  lives ;  but  miners 
will  carelessly  open  it  to  have  more  light 
to  work  with,  or  to  light  their  pipes, 
when  if  the  fire-damp  be  in  the  passages 
an  explosion  nmst  occur.  Improvements 
have  oeen  made  in  Davy's  lamp  b^  Drs. 
Rcid  and  Clanny,  by  suliistituting  lor  the 
lateral  wire  gauze  a  glass  shade  closed 
at  top  with  gauze. 

The  apertures  in  the  gauze  should  not 
be  more  than  l-20th  of  an  inch  square. 
Since  the  fire-damp  is  not  inflamed  by 
ignited  wire,  the  tliickness  of  the  wire 
is  not  of  importance,  but  wire  from  l-40th 
to  l-6i)th  of  an  inch  in  diameter  is  the 
most  convenient. 

The  cage  or  cylinder  should  be  made 
bv  double  joinings,  the  gauze  being  fold- 
ed over  ill  such  a  manner  as  to  leave  no 
apertures.  When  it  is  cylindrical,  it 
snould  not  be  more  than  two  inches  in 
diameter;  because  in  larger  cyliudt^rs, 
the  combustion  of  the  fire-damp  renders 
the  top  inconveniently  hot ;  a  ctoiible  top 
is  always  a  proper  precaution,  fixed  half 
or  three  quarters  of  an  inch  above  the 
first  top. 

The  gauze  cylinder  should  be  fastened 
to  the  lamp  by  a  screw  of  tour  or  live 
turns,  and  fitted  to  the  pcrew  by  a  tiirlit 
ring.  All  joinings  in  tlic  lump  should 
be  made  with  hard  solder,  as  tlie  secur- 
ity depends  upon  the  cireumstanec  tliat 
no  aperture  exists  in  the  api)aruUis  larger 
than  in  the  wire  gauze. 

LAMPBLACK.  Finely  divided  cliar- 
ooal.  It  is  the  soot  obtained  by  tlie  im- 
perfect combustion  of  resin  of  turpen- 
tine;  this  is  burned  in  cliambers  hung 
with  old  sacking,  upon  wl)i<rli  the  smoke 
collects,  and  is  from  time  to  time  scia]x?d 
off.  It  contains  alx)ut  *20  per  cent,  of  pe- 
culiar resinous  products,  water,  and  salme 
matter. 

LAMPIC  ACID.  A  term  given  by 
Mr.  Daniell  to  the  acid  produced  by  the 
ftlow  combustion  of  the  vapor  of  alcohol 
and  ether  in  the  lamp  without  flame  :  he 
has  since  sscertained  that  it  is  acetic  acid 
modified  by  the  presence  of  a  peculitT 
hydrocarbon. 

LAND  SPRINGS.  Land  springs  are 
sources  of  water  which  only  come  into 
action  after  heavy  rains  ;  while  constant 
springs,  which  derive  their  supplies  from 


a  more  abandant  source,  flow  throngh- 
out  the  ^ear.  All  springs  owe  their  ori- 
gin to  rains.  In  the  case  of  land  springs, 
the  water,  when  it  sinks  through  tue 
surface,  is  speedily  interrupted  by  a  re- 
tentive stratum,  and  there  accumulating, 
soon  bursts  out  in  a  spring,  which  ceases 
to  flow  a  short  period  alter  the  cause 
which  gave  it  birth  has  ceased  to  ope- 
rate ;  but  the  water  which  supplies  con- 
stant springs  sinks  deeper  into  the  earth, 
and  accumulates  in  rocky  or  gravelly 
strata,  which  become  saturated  with  the 
fluid. 

LAPIDARY,  Art  of.  The  art  of  the 
lapidary,  or  that  of  cutting,  polishing, 
and  engraving  gems,  was  known  to  the 
ancients,  many  of  whom  have  left  admir- 
able 8j)ecimens  of  their  skill.  The  Greeks 
were  passionate  lovers  of  rings  and  en- 
graved stones ;  and  the  mo^t  parsimo- 
nious among  tiie  higher  classes  of  the 
Cyrcnians  are  said  to  have  worn  rintrs  of 
the  value  often  mina  (about  $150  ot'our 
money).  By  fur  the  greatest  part  of  the 
antique  gems  that  have  reached  modern 
times,  may  bo  considered  as  so  many 
models  for  forming  the  taste  of  the  stu- 
dent of  the  fine  arts,  and  for  inspiring 
his  mind  with  correct  ideas  of  what  is 
truly  beautiful.  With  the  cutting  of  the 
diamond,  however,  the  ancients  were 
unacquainted,  and  hence  they  wore  it  in 
its  uutiirul  state.  Even  in  the  middle 
ages,  this  art  wns  still  unknown  ;  for  the 
four  large  diamonds  which  enrich  the 
clasp  of  the  imperial  mantle  of  Charle- 
magne, as  now  prci^erved  in  Paris,  are 
uncut,  octahedral  cr}stals.  But  tlie  art 
of  working  diamonds  was  probably  known 
in  Ilindostan  and  China,  in  very  remote 
periods.  Alter  Louis  dc  Berghen's  dis- 
covery, in  1476,  of  polishing  two  dia- 
monds by  their  mutual  attrition,  all  the 
finest  diamonds  were  sent  to  Holland  to 
be  cut  and  polished  by  the  Dutch  artists, 
who  louK  retained  a  superiority,  now  no 
longer  adniitte>d  by  the  lapidaries  of  Lon- 
don and  Paris. 

The  operation  of  ccm-cutting  is  abridg- 
ed by  two  methods :  1st,  by  cleavage  ; 
2d,  by  cutting  off"  slices  with  a  fine  wire, 
coateti  with  diamond  powder,  and  fixed 
in  the  stock  of  a  hand-aaw.  Diamond  is 
the  only  precious  stone  which  is  cut  and 
polished  with  diamond  powder,  soaked 
with  olive  oil,  upon  a  mill  plate  of  very 
soft  steel. 

OrientJil  rubies,  sapphires,  and  to- 
pazes, are  cut  with  diamond  powder 
soaked  with  olive  oil,  on  a  coj>per  wheel. 
The  facets   tlius  formed   are  afterwards 
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poU»hed  on  another  copper  wheel  with 
tripoli,  tempered  with  water. 

Emeralds,  hyacinths,  nmethyftts,  gar- 
nets, agate»,  and  other  softer  atones,  are 
oat  at  a  lead  wheel,  with  emery  and 
water ;  and  are  polisned  on  a  tin  Vheel 
with  tripoli  and  water,  or,  still  better, 
on  a  zinc  wheel,  with  patty  of  tin  and 
water. 

The  more  tender  preoioas  stones,  and 
even  the  pastes,  are  cut  on  a  mill-wheel 
of  hard  wood,  with  emery  and  water; 
and  are  polished  with  tripoli  and  water 
on  another  wheel  of  hard  wood. 

SiDcc  the  lapidary  employs  always  the 
same  tools,  whatever  be  the  stone  which 
he  cutA  or  polishes,  and  since  the  wheel 
discs  alone  vary,  as  also  the  substance  he 
uses  with  them,  we  shall  describe,  very 
briefly,  his  apparatus,  and  the  manipu- 
lations for  diamond-cutting,  which  are 
applicable  to  every  species  of  stone. 

Diamonds  are  cut  at  the  present  day 
in  only  two  modes ;  into*  a  rose  dia- 
mond, and  a  brilliant.  We  shall  there- 
fore confine  our  attention  to  these  two 
forms. 

The  rose  diamond  is  flot  beneath,  like 
all  weak  stones,  while  the  upper  face 
rises  into  a  dome,  and  is  cnt  into  facets. 
Most  usually  six  facets  are  put  on  the 
central  region,  which  are  in  the  form  of 
triangles,  and  unite  at  their  summits ; 
their  bases  abut  upon  another  ninee  of 
trianjfles,  which  beinsr  set  in  nn  inverse 
position  to  the  preeo<linir,  present  their 
DJtses  to  them,  while  their  suininits  ter- 
minate at  the  sharp  marjjin  of  the  Htone. 
The  latter  triangles  leave  spaces  between 
them  whioh  arb  likevvissc  cut  eaeh  into 
two  facets.  By  this  distribution  the  rose 
diamond  is  cut  into  24  facets  ;  tlie  sur- 
face of  the  diamond  beinjj  divided  into 
two  portions,  of  which  the  upper  is 
called  the  crown,  and  that  formiiiir  tlie 
contour,  beneath  the  former,  is  called 
dentelle  (lace)  by  the  French  artists. 

According  to* Mr.  Jelfries,  in  his  Trea- 
tise on  Diamonds,  the  reirular  rose  dia- 
mond is  formed  by  inseribingr  a  regular 
octogon  in  the  centre  of  the  table  side  of 
the  stone,  and  borderins:  it  by  eisrht 
right-angled  trianfrles,  the  bases  of  which 
correspond  with  the  sides  of  the  octagon  ; 
beyond  these  is  a  chain  of  eiffht  trape- 
ziums, and  another  of  sixteen  triangles. 
The  collet  side  also  consists  of  a  minute 
central  octagon,  from  every  anirlc  of 
■which  proceeds  a  ray  to  the  edee  of  the 
girdle,  forming  the  whole  surface  into 
eight  trapeziums,  each  of  which  is  airain 
subdivided  by  a  salient  angle  (whose  apex 


touches  the  girdle)  into  one  inegoliff 
pentagon  and  two  triangles. 

To  fashion  a  rough  diamond  into  a 
brilliant,  the  first  step  is  to  modify  the 
faoes  of  the  original  octahedron,  so  that 
the  plane  formed  by  the  junction  of  the 
two  pyramids  shall  be  an  exact  square, 
and  the  axis  of  the  crystal  precisely  twice 
the  length  of  one  of  the  sides  of  the 
square.  The  octahedron  being  thus  rec- 
tified, a  section  is  to  be  made  parallel  to 
tlie  common  base  or  girdle^  so  as  to  cat 
off  5-18ths  of  the  whole  height  from  the 
upper  pyramid,  and  l-lStii  fh>m  the 
lower  one.  The  si  perior  and  larger 
plane  thus  produced  is  called  the  Uwle^ 
and  the  inferior  and  smaller  one  is  callea 
the  eoUH;  in  this  state  it  is  termed  a 
comphte  square  table  diamond.  To  con- 
vert it  into  a  brilliant,  two  triangular  £ei- 
cets  are  placed  on  each  side  of  the  tabic, 
thus  changing  it  from  a  square  to  an  oc- 
tagon ;  a  lozenge-shaped  facet  is  also 
placed  at  each  of  the  four  corners  of  the 
table,  and  another  lozenge  extending 
lensrthwise  along  the  whole  of  each  side 
of  the  original  square  of  the  table,  which 
with  two  triangular  facets  set  on  the 
base  of  each  lozenge,  completes  the 
whole  number  of  facets  on  the  table  side 
of  the  diamond,  viz.,  8  lozenges  and  24 
triangles.  On  the  collet  side  are  formed 
4  irregular  pentagons,  alternating  with 
us  many  irregular  lozenges  radiating 
from  the  collet  as  a  centre,  and  bordered 
bv  1(>  triimg-nlar  facets  adjoining  the 
frirdle.  The  brilliant  being  thus  com- 
pleted, is  set  witli  the  table  side  upper- 
most, and  the  collet  side  implanted  in 
the  cavity  made  to  receive  the  diamond. 
The  brilliant  is  always  three  times  as 
thick  as  the  rose  diamond.  In  France, 
the  thickness  of  the  brilliant  is  set  otf 
into  two  unequal  portions ;  one-third  is 
reserved  for  the  upper  part  or  table  of 
the  diamond,  and  the  remaining  two- 
thirds  for  the  lower  port  or  collet  {cu- 
hiH^i).  The  table  has  eight  planes,  and 
its  circumference  is  cut  into  facets,  of 
which  some  are  triangles,  and  others  lo- 
zenges. The  collet  is  also  cut  into  facets 
called  papWym*.  It  is  of  conseqaence 
that  the  pavilions  lie  in  the  same  order 
jis  the  upper  facets,  and  that  they  corre- 
spond to  each  other,  so  that  the  symme- 
try be  perfect,  for  otherwise  the  play  ot 
tlie  light  would  be  false. 

Although  the  rose  diamond  projects 
bright  beams  of  light  in  more  extensive 
])roportion  often  tlum  the  brilliant,  yet 
the  latter  shows  an  incomparably  greater 
play,  from  the  difference  of  its  cutting. 
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ttitatM  now  a  Jewel  in  the  imperial  arana 

orBuuiu. 

A  Rood  blue  Mpphire  of  10  ciraU  ia 
Tklusd  at  $^60.  K  it  weigliB  30  corata, 
ila  value  a  tltMO;  but  uudf r  10  ciinil«, 
tlie  pries  miiy  be  e.'ilimat«<l  by  mulliply- 
log  Ibe  aquurc  of  il«  weif^bt  in  caretaiiilo 
a  quarter  eagle ;  Ihua,  one  of  foiii  curate 
would  be  worth  4<  X  |  E.  =  140-  It  hue  ' 
l>een  eoid  tbat  tho  blue  eappblre  ta  su-  I 
pcrior  in  hardnesn  to  the  rcn,  but  tlili  in  I 

Srobablji  a  niiatnko  ariiing  from  eon-  ' 
luudiiig  the  corundum  rub;  with  the  I 
Bpinelle  niby.  A  »Bpp)iire  of  a  barbel 
blue  color,  welching  6  oiralA,  wee  die-  ' 
poaedofin  Paris  by  piibliosale  for  »8.50; 
and  another  of  an  indigo  blue,  weighing 
■  carats  and  3  grains,  brought  t^lOO : 
botii  of  whioh  Buna  much  exceed  what  , 
the  preceding  rule  onsignr,  from  which  I 
we  may  perceive  how  fur  fancv  mnv  go 
in  auch  matters,  Tlie  Bupphirc'uf  Brazil  i 
is  merely  a  blue  loumuline,  as  its  spe- 
cific gnivitv  and  inferior  hardue»B  ehnw. 
While  aapphir^e  are  sometime*  so  pure  ! 
that  when  properly  eat  aud  polished  they 
bave  been  passed  for  diamonils. 
The  j^ellow  and  green  sapphires  are 

lal  topaz  and  emerald.    The  specimens 
which  exhibit  oil  these  colors  assoc^alcd 

prove  the  minemJogital^iicnlJty  of  thei^c 

Besides  theso  shades  of  color,  rap- 
phirea  often  emit  a  bcaatiful  pin v  of  co- 
lors, or  AiliiitnuBl,  when  held  in  differ- 
ent poutinna  relulive  to  the  eye  or  inci- 
dent liglit ;  and  some  likewise  present 
Btar'likc  riHllations,  whence  tiicy  are 
called  slar-al.ni™  iir  aMrriUK:  lu-nAnv 
forth  6 


aemiragi 


■any  TonnB,  of  vhieh  S-aided  priania 

S^Lded  BUmmits   are  pcriiaps  the 
most  [Vequcnt.      Lustre  viireous,    color 
m,  pas«iii0  into  greenish- 
;-green.    It  shows  a  bluish 

itone,  when  viewed  in  certain  di- 
.;   which  property  coustitne^  ita 
chief  attroetion  lo  the  jeweller.     Wlien 


witli  diaiDODiis  and  priamatic  topai ;  niso 
in  Ceylon.  Its  conslituenls  are  alnmina, 
88-66;  glucino,  16-00  j  silica,  S-OO;  pro- 


e  of  ir 


12  n 


s,  that  chanitc  tlici 


blue  sapphires,  la  nut.  houcvcr,  |icculiur 
to  these  eems.  It  srenis  to  Iwlimi;  to 
transpnrenl  niineraU  wliicli  Imve  u  rhom- 
boid fur  their  nucleus,  and  arincs  Ihiin 
the  eombiiuitinn  of  certain  cireumstuui.'pii 
In  their  catling  and  stnieliire.  I4ipida- 
riea  oOen  cx|i>ise  the  ll;(lit-liluc  variciv 
of  siipphirc  tr>  the  aelion  of  lire,  in  or-le'r 
to  render  it  white  and  more  btilliunt; 
iMit  with  rc!!urd  to  those  Ibiind  at  ¥.\- 
pailly,  in  Fnince.  fin'  ilwiiens  their  ctdor. 
S.  Oiri^tiil,  Lulled  h>' Ilulir.  (Vm... 
phane,  ond  by  other*,  Trismatic  corun- 
dam,  ranlcB  next  in  hunlnci's  to  nupphlre, 

lis  sixHiAc  xravitv  is  8-7.".4.     It  unu;illy 


irding  to  Sey- 
bert^s  analvsis  of  a  specimen  IVom  Brazit. 
It  is  difliciiltly  butperffectly  i\nible  betbre 
the  blow-pipe,  with  borax  and  anil  of 
phosphorus.  In  composition  it  dllTera 
entirely  ftom  sapphire,  or  tlie  rhombohe- 
dMl  corundum. 

4.  Spinille  Suhy.  called  Dodecnhedral 
Corundum,  by  some  mineralogists,  and 
Bales  niby,  by  lapidaries,  lis  hardness 
is  8.  Spedflc  gravity,  S-&SS.  lis  funda- 
mental form  is  the  liexahcdron,  hut  it  oc- 
curs crrstnlliied  in  many  secondary  forma; 
octahedrons,  tetrahedrons,  and  rhombo- 
hcdrons.  Fraetnre,  conehoidal;  lustre, 
vitreous ;  color,  red,  passiru;  into  bine 
...  1 --"    f,  brown,  and  black;    "' 


U\m 


-s^t  is  n 


ariy  VI 


<l  in  the  n 


d  sninelle 
:o  beat   \ 
blach  and  o|iaquc^  on  coolini;. 

pcurflrst  green,  ihenalrooi'teok 

at  hull  resume  their  red  color,  rinmatlt 
is  a  voriety  which  yields  a  deep  green 
glolinle  with  borax. 

I'T^'Stols  at  s].in(<1le  from  Ceylon  have 
been  observed  imbedded  in  limestone, 
inlsed  withmi**,  or  in  rocks  containing 
ailulurin,  wliieh  stem  to  have  belonged  to 
a  primitive  district.  Other  vorities  like 
the  pleonnslc  oCMir  in  llie  drusy  cavities 
ofnieks  ejected  liy  Vesuvins.  CryataJa  of 
il  are  onnn  foiind  in  dilovial  and  alluvia] 
,uil  ]mi)  gravel,  along  with   true  rap- 
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with  alflo  in  the  diluvial  sandH  of  Ceylon. 
Clear  and  finely  colored  specimens  of  spi- 
nelle  are  highly  prized  as  ornamental 
stones.  When  the  weight  of  a  good  spi- 
nelle  exceeds  4  carats,  it  is  said  to  he  val- 
Bed  at  half  the  price  of  a  diamond  of  the 
same  weight.  M.  Brard  has  seen  one  at 
Paris  which  weighed  215  grains. 

5.  Zircon  or  Hyacinth,  its  fundamental 
form  is  an  isosceles  4-Bided  pvramid; 
and  the  secondary  forms  have  all  a  pyra- 
midal character.  Fracture,  conchoidal, 
aneven ;  lustre,  more  or  less  perfectly 
adamantine ;  colors,  red,  hrown,  yellow, 
gray,  green,  white :  which,  with  the  ex- 
ception of  Bome  red  tints,  are  not  britfht. 
Hardness,  7'5.  Specific  gravity,  4*5.  Zir- 
con and  hyacinth  consist,  according  to 
Klaproth,  oV  almost  exactly  the  same  con- 
stituents ;  namely,  zirconia,  70 ,  silica, 
25 ;  oxvde  of  iron,  6.  In  the  white  zir- 
conia tncre  is  less  iron  and  more  silica. 
Before  the  blowpipe  the  hyacinth  loses 
its  color,  but  does  not  melt.  The  brighter 
arcons  are  often  worked  up  into  txhriUhni 
form,  for  ornamenting  watch  cases.  As 
a  gem,  hyacinth  has  no  hi^h  value.  It  has 
been  often  confounded  with  other  stones, 
but  its  very  great  specific  gravity  makes  it 
to  be  readily  recognized. 

6.  Topaz.  The  iVindamcntal  form  is  a 
scalene  4-sided  pyramid ;  but  the  second- 
ary forms  h&ve  a  prismatic  character ;  and 
are  frequently  observed  in  oblique  4-»idcd 

Erisms,  acuminated  by  4  planes.  The 
iteral  planes  of  the  prism  are  longitudin- 
ally striated.  Fracture,  conchoidal,  un- 
even ;  lustre,  vitreous  ;  colors,  white,  yel- 
low, green,  blue;  generally  of  pale  sliades. 
Hardness,  8  ;  specific  gravity,  S-iu  Pris- 
matic topaz  consists,  according  to  Berze- 
lins,  of  alumina,  57*45;  ailiai,  34-24 ;  flu- 
oric acid.  7-75.  In  a  stroDg  heat  the  faces 
of  crystallization,  but  not  those  of  cleav- 
age, are  covered  with  small  blisters,  which 
however  immediately  crack.  \Vith  borax, 
it  melts  slowly  into  a  transparent  ^lass. 
Its  powder  colors  the  tincture  of  violets 
green.  Those  crystals  which  possess  dif- 
ferent faces  of  crystallization  on  opposite 
ends,  acquire  the  opposite  electricities  on 
being  heated.  By  triction,  it  acquires  po- 
sitive electricity. 

Most  perfect  crystals  of  topaz  have  been 
found  in  Siberia,  of  green,  blue,  and  white 
colors,  along  with  beryl,  in  the  Uraliau 
and  Altai  mountains,  as  also  in  Kams- 
chatka ;  in  Brazil,  where  they  jfcnerally 
occur  in  loose  cr\'stalB,  and  pebble  forms 
of  bright  yellow  colors;  ancl  in  Mucla,  in 
Asia  Minor,  in  pole  straw-yellow  regular 
crvstals,    Thev  are  also  met  with  in  the 


granitio  detritas  of  Cairpgonn,  in  Aber- 
deenshire. The  blue  varieties  are  absurd 
ly  called  oriental  aquamarine,  by  lapida- 
ries. If  exposed  to  heat,  the  Saxon  topaz 
loses  its  color  and  becomes  white;  the 
deep  yellow  Brazilian  varieties  assume  a 
pale  pink  hue ;  and  are  tlivn  sometimes 
mistaken  forspinelle,  to  which,  however, 
they  are  somewhat  inferior  in  hardness. 
Topaz  is  also  distinguishable  by  its  double 
retractive  property.  Tavemier  mentions 
a  topaz,  in  the  possession  of  the  Great 
Mogul,  which  weighed  157  carats,  and 
cost  £27,000  sterling.  There  is  a  speci- 
men in  the  museum  of  natural  history  at 
Paris  which  weighs  4  ounces  2  grs. 

Topazes  are  not  scarce  enough  to  bo 
much  valued  by  the  lapidary. 

7.  Emerald  and  Beryl  are  describee  in 
their  alphabetical  places.  Emerald  la  es 
its  lustre  by  candle-light:  but  as  it  ap- 
pears to  most  advantage  wnen  in  the  com- 
pany of  diamonds,  it  is  frequently  sur- 
rounded with  brilliants,  and  occasionally 
with  pearls.  Beryl  is  the  aquamarine  of 
the  jewellei-s,  and  has  very  little  estima- 
tion among  lapidaries. 

8.  Garnet,  See  this  stone  in  its  alpha- 
betical place. 

9.  Chrysolite  J  called  Peridot,  by  Hauy ; 
probably  the  topaz  of  the  ancients,  as  our 
topaz  was  their  chrysolite.  It  is  the  soft- 
est of  the  precious  stones,  being  scratched 
by  quartz  and  the  file.    It  refracts  double. 

10.  Quartz^  including,  as  sub-species. 
Amethyst,  MocJc  -  crystal,  Rom  -  quartz^ 
l*raie,  or  Chrysoprase^  and  several  vari- 
eties of  calcedouy,  as  CaVs-eye,  PlaJtma, 
Chrysoprase,  Onyx-,  Sardonyx,  «fec.  Lus- 
tre, vitreous,  inclining  sometimes  to  re- 
sinous J  colors,  very  various ;  fracture, 
conchoidal;  hardness,  7;  specific  gravity, 
2-01«, 

11.  <>;>«/,  or  undeavable  quartz.  Frac- 
ture, conchoidal :  lustre,  vitreous  or  re- 
sinous ;  colore,  wliitc,  yellow,  red,  brown, 
green,  pray.  Lively  play  of  light;  hard- 
ness, 5'5  to  6-5:  specific  gravity,  2*091. 
It  occurs  in  small  kidncy-shaped  and  stal- 
actitic  shapes,  and  large  tuberose  concre- 
tions. The  phenomena  of  the  play  of  co- 
lors in  precious  opal  has  not  been  satisfac- 
torily explained.  It  seems  to  be  connect- 
ed with  the  regular  structure  of  the  min- 
eral. Hydrophanc,  or  oculis  niundi,  is  a 
variety  of  opal  without  transparency,  but 
acquiring  it  when  immersed  in  water,  or 
in  any  transparent  fluid.  Precious  ojial 
was  found  by  Klaprr>th  to  consist  of  siliea, 
90;  water,  10;  which  is  a  very  curious 
combination.  Hungary  has  been  lonp  the 
only  locality  of  precious  opnl,  where  it  oc- 
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and  they  oon  make  6,000  lbs.  of  candles 
per  average  day  throughout  the  year. 

LARD  OIL.    This  year  0851)  there 
are  40  xnanufacturieA  of  l&ra  oil  in  Cin- 
cinnati, large  and  small,  which  consume 
on  an  average  the  year  round  1000  pack- 
ages, of  8001  bA.  each,  per  week,  which  is 
equal  to  52,000  packages,  or  15,600,000 
Ibe.  per  annum — fVom  this  there  is  to  be 
deducted  one  third  for  stearins,  equal  to 
6,120,000  lbs.,  leaving  for  the  oil  10,480,000 
Ibii.,  which  is  equal  to  1,810,000  gallons, 
allowing  8  lbs.  to  the  gallon.    Only  a  few 
years  back  the  manufacture  of  lard  oil 
was  looked  on  as  nothing,  now  it  occu- 
pies a  very  prominent  po.-^itiou,  and  has 
annnoJIy  a  g-reat  influence  upon  the  value 
of  the  hog.     Lard  oil  may  now  be  said  to 
have  taken  the  place  of  all  other  oils  for 
all  purposes  at  tne  West.    Its  manufae- 
tare    has   improved,   and  will  continue 
until  it  is  qnite  equal  to  any  other  oil. 
As  an  application  to  machinery  it  is  found 
quite   equal   to  any  other  oiK  on  which 
account,  added  to  its  value  for  lighting 
purposes,  its  consumption  is  increasing 
in  the  Southern  ana  Western    States. 
Every  town,  of  any  sire,  when  lard  can 
be  had,  has  its  factory,  &<«  a  ready  sole  is 
always  foan<]  for  the  stearine.  Lard,  when 
pressed,  yields  more  oil  ond  less  stearine 
in  summer,  and  less  oil  and  more  stearine 
in  winter.     The  oil  is  dearer  in  winter. 
The  mannfecture  of  lard  oil  is  carried  on 
mostly  in  Cincinnati,  the  country  in  every 
side  drawing  on  it  as  a  centre.    Its  manu- 
focturo  is  afi  profitable  as  any  other  busi- 
ness of  the  same  capital,  its  basis  being 
cash.    Many  of  the  factories  have  now 
temporarily  amsed  working  owinjr  to  the 
present  high  price  of  lard,  and  lard-oil  in 
consequence,  has  risen  from  50  cents  up 
to  90  cents  p>er  gallon.     (.V*  Oils.) 

LATII-MAKING  MACHINE.  Mr. 
William  Merrill,  of  Northampton,  Por- 
tage Co.,  Ohio,  has  mode  some  excellent 
improvements  on  machinery  for  making 
laths,  for  which  he  has  talcen  meas^nres 
to  secure  a  patent.  The  machine  makes 
the  laths  out  of  the  slabs  of  lotrs.  It  has  a 
circular  saw  which  slits  the  lath  out  of  a 
elab  as  it  is  fed  in,  and  it  ban  a  revolving 
knife  on  the  saw  spindle,  which  turns 
the  edge  of  the  lath  after  the  saw  has  cnt 
it.  The  slob  is  carried  forward  tiic  whole 
length,  allowing  the  saw  to  cut  a  luth  the 
whole  leniflh,  when  a  projection  on  the 
aaw  frame  takes  the  slab,  turns  it  over 
on  revolving  rollers,  which  brinjr  it  Inu-k 
to  the  person  to  feed  it  in,  who  stands  at 
the  eml  of  the  fnimc,  and  merely  feeds 
in  the  slabs  to  the  slitting  saw. 


This  machine  baa  a  nsgiater  to  it,  which 

rings  a  bell  when  a  hundred  laths  are 
finished,  to  tell  the  openitor  that  a  bunch 
is  ready  for  binding,  so  that  no  counting 
is  required  for  that  purpose. 

LAYERS.  In  gardening,  a  mode  of 
propagating  plants  by  laying  down 
shoots,  and  covering  a  portion  of  them 
with  soil,  so  that  tne  extremitv  of  the 
shoot  is  lefl  above  ground,  and  the  shoot 
itself  not  detached  from  the  plant.  In 
order  to  facilitate  the  rooting  of  such 
layers,  the  portion  of  the  shoot  buried  in 
the  soil  is  fractured  by  twisting  or  bruis^ 
ing.  or  cut  with  a  knife  immediately 
nnaer  a  bud.  This  operation,  by  ob- 
structing the  retnm  of  the  sap  from  the 
leaves,  occasions  its  accnmulatiou  at  tb^ 
wounded  part,  when  roots  are  there  pro- 
duced from  the  effort  of  nature  to  perpet- 
uate life. 

LAYING.  In  architecture,  the  first 
coat  on  lath  of  plasterer^s  two-coat  work, 
the  surface  whereof  is  roughed  by  sweep- 
ing it  with  a  broom ;  the  difference  be- 
tween laying  and  rendering  being  thai 
the  latter  is  the  first  coat  upon  briek. 

LEAD.  This  is  one  of  the  metals  most 
anciently  known,  being  mentioned  in  the  ' 
books  of  Moses.  It  has  a  gray-blue  color, 
with  a  bright  metallic  lustre  when  newly 
cnt,  but  it  becomes  soon  tarnished  and 
earthy-looking  in  the  air.  Its  texture  is 
close,  without  perceptible  deavage  or  ajH 
pearancc  of  structure  ;  the  specific  gravity 
of  common  lead  is  11*352 ;  but  of  the  pure 
metal,  from  11-88  to  11-44.  It  is  verv 
malleable  and  ductile,  but  soft  and  desti- 
tute of  elasticity  ;  fusible  at  612°  Fuhr., 
by  Criffhton,  at  634°  by  Knpfer,  and  crys- 
talli/able  on  cooling,  into  octahedrons  im- 
planted into  each  other  so  as  to  form  an 
a.'*sen)blaj?e  of  four-sided  pyramids. 

There  are  fonr  oxides  of  lead.  1. 
The  snV>oxide,  of  a  grayish-blue  color, 
which  forms  a  kind  of  crnst  upon  a  plate 
of  lead  long  exposed  to  the  air.  It  ia 
procnred  in  a  perfect  state  by  calcining 
oxalate  of  lead  in  a  retort;  the*  dark  gray 
powder  which  remains,  is  the  pure  sub- 
oxide. 2.  The  protoxide  is  obtained  by 
exposinjf  mel'cd  lead  to  the  atniosphert, 
or,  more  r('a<lily,  by  expelling  the  acid 
from  the  nitrate  of  lead  by  heat  in  a  plati- 
num cruc'i}>le.  It  is  yellow,  and  was  at 
one  time  prepared  as  a  piirnient  by  cal- 
cining lea<l,  Imt  is  now  sn|ierseded  by  the 
chroinato  of  this  met«].  Lithartre  i^  mere- 
ly this  oxide  in  the  form  of  f*inull  ^l•an^:les, 
from  having  uiidertjoiie  fusion  ;  it  is  uioro 
or  less  contaminated  with  iron,  eopj)er, 
and  bumetimert  a  little  silver.   It  contaios 
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likewise  some  carbonic  acid.  The  above 
oxide  consists  of  104  of  metal,  and  8  of 
oxygen — its  prime  equivalent  bein^  112, 
upon  the  hvdroffen  scale ;  and  it  is  the 
base  of  all  the  salts  of  lead.  8.  The  plnm- 
beous  suroxide  of  Berzelins,  the  sesqui- 
oxide  of  some  British  chemist*),  is  the 
well-known  pigment  called  red  lead  or 
minium.  It  consists  of  100  parts  of  metal 
and  10  of  oxycren.  4.  The  plumbic  sur- 
oxide of  Berzeiius,  or  the  peroxide  of  the 
British  chemists,  is  obtained  by  putting 
red  lead  in  chlorine  water,  or  in  dilute 
nitric  acid.  It  is  of  a  dark  brown,  almost 
black  color,  which  gives  out  oxygen  when 
heated,  and  becomes  yellow  oxide.  It 
kindles  sulphur  when  triturated  with  it. 
This  oxide  is  used  by  the  analytical  che- 
mist to  separate,  bv  condensation,  the 
sulphurous  acid  existing  in  a  gaseous 
mixture. 

Among  the  ores  of  lead  some  have  a 
metallic  aspect;  are  blnck  in  substance, 
as  well  as  when  pulverized;  others  have 
a  stony  appearance,  and  are  variously 
colored,  with  usually  a  vitreous  or  greasy 
lustre.  The  specific  gravity  of  the  latter 
ores  is  always  less  than  5.  The  whole  of 
them,  excepting  the  chloride,  become 
more  or  less  speedily  black,  with  «ul- 
phureted  hydrogen  or  with  hydroaul- 
phurcts;  and  are  easily  reduced  to  the 
metallic  state  upon  charcoal,  with  a  tliix 
of  carbonate  of  soda,  after  they  have  ]>cen 
properly  roasted.  ThcyditTuse  a  whitish 
or  yellowish  powder  over  the  oliarcoal, 
which,  accordiiiir  to  the  numnt-r  in  which 
the  flame  of  the  l>lowpipe  is  directed 
upon  it,  bceomes  yellow  or  red  ;  thus  iu- 
dic;itin<?  the  two  (.'jiaractoristic  ddors  of 
the  oxitles  of  lend. 

The  lead  ores  most  interestiutr  to  the 
arts  are: — 

1.  Gahttn,  snlr.liurot  of  lend  f^'.^  Ca- 
LEN.\.)_  This  ore  liax  the  iiiclallie  lustre  of 
lead  with  a  crystalline  structure  deriv- 
able from  the  euhe.  When  heated  cau- 
tiously at  the  blow[>ipe  it  is  <lec()ui)it>sed, 
the  sulphur  flies  oil",  and  the  leii.l  is  left 
alone  in  \\\>'uh\  ;  hut  if  the  heut  lie  con- 
tinued, the  colored  surface  of  the  cliar- 
coal  indicates  the  conver^'K'U  of  the  lea«l 
mto  its  oxidf"*.  (ialena  is  a  componnd  ot' 
lead  and  sulphnr.  in  erjuivaUiit  proj,r>r- 
tions,  and  thertl'ore  cunsi>ts,  in  I'lo  parts, 
of '^^*.^  of  metal.  an<l  l:}^  ofsidphur.  with 
whicii  numhe'sthc  anal\>isot  tlu-iralena 
of  ("lausthal  by  \V(>>.trunih  exactly  aLM-t-es. 
Its  s]>ecific  j.'r:ivity.  when  pni-*-.  is  7*.''»i. 
lis  color  is  hlji'-ki-^h  u'ray,  without  any 
shade  of  red.  and  it-i  pow.ler  i^  hlack. 
eharaetors    -whioh    di'itinffuish     it    fnnn 


hUnde  or  snlphuret  of  zinc.  Its  stracturo 
in  mass  is  lamellar,  passing  sometiraes 
into  the  fibrous  or  granular,  and  even 
compact.  It  is  brittle.  The  tpectUar 
galena,  so  called  from  its  brightly  polish- 
ed aspect,  is  remarkable  for  forming  the 
8lickeimd€s  of  Derbyshire — thin  seams, 
which  explode  with  a  loud  noise  when 
accidentally  scratched  in  the  mine. 

The  argentiferous  galena  has  in  general 
all  the  external  characters  of  pure  galena. 
The  proportions  of  silver -vary  from  one- 
fifth  part  of  the  whole,  as  at  Tamowitz, 
in  Silesia,  to  three  parts  in  ten  thousand, 
as  in  the  ore  called  oy  the  German  miners 
Weisgultigerz ;  but  it  must  be  observed, 
that  whenever  this  lead  ore  contains  above 
5  per  cent,  of  silver,  several  other  metals 
are  associated  with  it.  The  mean  pro- 
portion of  silver  in  galena,  or  that  which 
makes  it  bo  considered  practically  as  an 
argentiferous  ore,  because  the  silver  may 
be  profitably  extracted,  is  about  two  parts 
in  the  thousand.  {S^e  Silver.)  The 
above  rich  silver  ores  were  first  observed 
in  the  Frevberg  mines,  called  Himmels- 
furst  and  ^schertgluck,  combined  with 
sulphuret  of  antimony;  but  they  have 
been  noticed  since  in  the  Hartz,  in  Mex- 
ico, and  several  other  places.  It  is  the 
most  abundant  lead  ore  in  the  United 
States,  oceunyinj^  an  immense  tract  of 
country  on  trie  Missouri  Kiver. 

The  antimonial  galena  (Bournoni/^) 
exhales  at  the  blowpipe  the  odor  peculiar 
to  antimony,  and  coats  the  charcoal  with 
a  powder  partly  white  and  partly  red. 
It  usually  contains  some  arsenic. 

2.  The  SeUniiird  of  Uad  resembles 
cralena,  but  its  tint  is  bfuer.  At  the  blow- 
]>il)e  it  exhales  a  very  perceptible  smell  of 
putrid  nidishes.  Nitric  aeid  lilxrates  the 
.-<K'niuin.  When  heated  in  a  tube,  oxide 
ot'*ieIenium  of  a  carmine  red  rises  olon^ 
with  seleiiie  aeid,  white  and  deliquescent. 
The  s[>ecirie  gravity  of  this  ore  varies 
from  n-s  to  7-G'.». 

.'{.  y<itirr  rninium  or  rr/I  Uad  has  an 
earthy  aspect,  of  a  lively  and  nearlv  pure 
red  color,  but  sonietimes  inclininif  to 
oraiiLTc.  It  occurs  pulverulent,  and  also 
Compact,  with  a  fracture  somewhat  la- 
mellar. When  heated  at  the  blowpipe 
upon  charcoal,  it  is  readily  reduced  to 
metallic  lead.  Its  specitie  ijravity  varies 
tVom  4'''>  to  s-0.     Tins  ore  is  rare. 

4.  W'hitr  h.i.I.  carJx^niit*'  f>f  had. — Tliis 
ore,  in  its  ^turest  state,  is  colorless  and 
tiansparent  like  trlnss,  with  an  adaman- 
tine lustre.  It  niay  be  recognized  by  the 
foJlowiiiLr  characters : — 

lt-4   sj»efitio  gravity  is  from  6  to  6*7; 
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it  disftoIvM  with  more  or  Ices  ease,  and 
with  etter\'e»cence,  in  nitric  acid^  be- 
comes immediately  black  by  the  action  of 
sulphurated  hydrogen,  and  melts  on 
charcoal  before  the  blowpipe  into  a  button 
of  lead.  According  to  Klaproth,  the  car- 
bonate of  Leadhilla  contains  82  part»  of 
oxide  of  lead,  and  16  of  carbonic  acid,  in 
98  port*.  This  mineral  is  tender,  ecareely 
scratches  calc-spar,  and  breaks  easily 
with  a  waved  couchoidal  fracture,  it 
possesses  the  double  refracting  property 
in  a  very  high  degree ;  the  double  image 
being  very  visible  on  looking  through 
the  flat  &ces  of  the  prismatic  crystals. 
Its  crystalline  forms  are  very  numerous. 
and  are  referrible  to  the  octahedron,  ana 
the  pyramidal  prism.  This  ore  has  been 
found  very  sparingly  in  the  United 
States. 

5.  VUreous  lead^  or  tmljphate  of  lead. — 
This  mineral  closely  resembles  carbonate 
of  lead ;  so  that  the  external  diameters 
are  inadequate  to  distinguish  the  two. 
But  the  following  are  sufficient.  'Vl'hen 
pure,  it  ha^  the  same  transparency  and 
lustre.  It  does  not  eflfervet^ce  with  nitric 
acid  ;  it  is  but  feebly  blackened  by  sul- 
phurcted  hydrogen  ;  it  first  decrepitates 
and  then  melts  before  the  blowpipe  into 
a  transparent  glass,  which  becomes  milky 
as  it  cools.  By  the  combined  action  of 
heat  and  charcoal,  it  passes  first  into  a 
red  pulverulent  oxide^  and  then  into 
metallic  lead.  It  consists,  according  to 
Klaproth,  of  71  oxide  of  lead,  25  sulphuric 
acid,  2  water,  and  1  iron.  That  Hpeciiuen 
was  from'Anglesea^  the  Wiinlockhead 
mineral  is  free  from  iron.  The  prevailing 
form  of  crystallization  is  the  rectangular 
octahedron,  whose  angles  and  edges  arc 
variously  modified.  The  sulphato-car- 
bonate,  and  sulphato-triearbonate  of 
lead,  now  called  LeadhWit^^  are  rare  min- 
erals which  belong  to  this  head. 

6,  Pkoftphate  ofUad. — This,  like  all  the 
combinations  of  lead  with  an  acid,  ex- 
hibits no  metallic  lustre,  but  a  variety  of 
cold's.  Before  the  blowpipe  upon  cfiar- 
coal,  it  melts  into  a  globule  extcniully 
crystalline,  which,  by  a  continuance  of 
the  heat,  with  the  addition  of  iron  and 
boracic  acid,  affords  metallic  lead.  Its 
constituents  ore  80  oxide  of  lead,  19 
phosphoric  acid,  and  1*6  muriatic  acid, 
according  to  Klaproth's  analysis  of  the 
mineral  from  Wanlockhead.*  The  con- 
stant presence  of  muriatic  acid  in  the 
various  specimens  examined  is  n  remark- 
able eircuins*tanee.  The  erystalline  forms 
are  derived  from  an  obtuse  rhomboid. 
Phosphate  of  lead  is  a  little  harder  than 


white  lead ;  it  is  easily  scrstcbed,  and  its 
powder  is  always  gray.  Its  specific  gra* 
vity  is  6*9.  It  has  a  vitreous  lustre,  some- 
what adamantine.  Its  lamellar  texture 
is  not  very  distinct ;  its  fracture  is  wavy, 
and  it  is  easily  frangible.  The  phos- 
phoric and  arsenic  acids  being,  according 
to  M.  Mitschorlich,  isomorphous  bodies, 
may  replace  each  other  in  chemical  com- 
binations in  every  proportion,  so  that  the 
phosphate  of  leaa  may  include  any  pro- 
portion, f¥om  the  smallest  fhiction  of 
arsenic  acid  to  the  smallest  fhiction  of 
phosphoric  acid,  thus  crraduating  inde- 
finitely  into  arseniate  or  lead,  liie  yel- 
lowish variety  indicates,  for  the  most 
part,  the  presence  of  arsenic  acid.  This 
ore  occurs  at  the  lead  mine  near  Frey- 
burg,  in  Maine.  It  is  also  found  in 
Tennessee. 

7.  Muriate  of  lead.  Honv-l^d,  or 
mv no-carbonate. — This  ore  has  a  pale 
yellow  color,  w  reducible  to  metallic  lead 
by  the  agency  of  soda,  and  is  not  altered 
by  the  hydrosulphurets.  At  the  blow- 
pipe it  melts  first  into  a  pale  yellow  trans- 
parent globule,  with  salt  of' phosphorus 
and  oxide  of  copper;  and  it  manifests  the 

Sresence  of  muriatic  acid  by  a  bluish 
ame.  It  is  fragile,  tender,  softer  than 
carbonate  of  lead,  and  is  sometimes  almost 
colorless,  with  an  adamantine  lustre. 
Spec,  grav.,  606.  Its  constituents,  ac- 
cording to  Berzelius,  are  lead,  25*84; 
oxide  of  lead,  57*07 ;  carbonate  of  lead, 
6*25;  chlorine,  8*84.  silica,  1*46;  water, 
0*54 ;  in  100  parts.  The  carbonate  is  an 
accidental  ingredient,  not  being  in  equiv- 
alent proportion.  Klaproth  found  chlo- 
rine, 13-67;  lead,  89-98;  oxide  of  lead, 
22-57;  cjirbonate  of  lead,  28-78. 

8.  Arseniate  of  Uad. — Its  color  of  a 
pretty  pure  yellow,  bordering  slightly  on 
the  greenish,  and  its  property  of  exhaling 
by  the  joint  action  of  fire  and  charcoal  a 
XQTy  distinct  arsenical  odor,  are  the  only 
charactei"s  which  distinguish  this  ore 
from  tlic  phosphate  otMeud.  The  form  of 
the  arseniate  of  lead,  when  it  is  crystal- 
lized, is  a  prism  with  six  faces,  of  the 
same  dimensions  as  that  of  phosphate  of 
lead.  When  pure,  it  is  reducible  upon 
cliarooal,  before  the  blowpipe,  into 
metallic  lead,  with  the  copious  exhala- 
tion of  arseiiie^al  fumes.  Its  spec,  jrrav. 
is  5-05.  It  consists  of  oxide  of  lead,  77-5; 
arsenic  acid,  l'2-5  ;  phosphoric  acid,  7*5 ; 
hydrochloric  acid,  I-.'). 

i».  M'di/fmtf  of  It  ad ^  or  }/<Vi)W  h(fd,  is 
found  at  Soutlininpton,  Mas.-.  It  occurs 
in  obtuse  octohcdrons  and  tabular  crys- 
tals.    Spec.   grav.    505.     It  consists*  of 
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68*4  oxide  of  lead,  88  molybdic  add,  and 
3-08  oxide  of  iron. 

The  foregoing  are  the  nio«t  common 
ores  of  lead,  all  of  which,  except  the  chro- 
mate  and  molybdate,  are  used  to  procure 
metallic  lead.^  It  is,  however,  m>m  the 
snlphnret  (galena)  that  the  ^^jeat  bulk  of 
the  lead  of  commerce  is  obtained.  Under 
the  article  MetaUurgy  the  treatment  of 
lead  ores  is  noticed,  and  it  may  therefore 
be  here  merely  stated  that  the  chief  object 
to  attain,  after  having  procured  a  clean 
ore,  is  to  get  rid  of  the  sulphur — which 
may  bo  accomplished  either  by  roasting 
in  the  open  air  or  in  reverberating  furna- 
ees.  In  this  wav  the  sulphur  is  volatiliz- 
ed, and  the  lead,  either  as  oxide  or  re- 
duced to  the  state  of  metal,  runs  into  the 
basin  or  crucible  of  the  ibmace  when  it 
is  deoxidized  by  being  kept  in  contact 
with  ignited  charcoal.  In  Germany  and 
France  another  mode  is  adopted,  which 
consists  in  throwing  into  the  reverberot- 
ing  furnace  28  per  cent  of  old  iron.  In 
a  short  time  the  sulphur  leaves  the  lead 
and  pos^ses  over  to  the  iron,  and  the  lead 
is  in  the  state  of  pure  met4il  in  the  bot- 
tom of  the  fumooe.  This  plan  saves 
time  and  labor,  but  the  iron  is  lost.  Its 
value,  however,  is  trifling. 

The  uses  of  lead  and  its  oxides  are  very 
numerous :  the  latter  as  paints,  chiefly, 
and  the  former  in  roofing,  and  as  flfuttcrB, 
cisterns,  and  pines.  For  these  this  me- 
tal has  many  aavanUigcs ;  it  is  sott  and 
malleable,  so  that  two  edges  may  be  fold- 
ed over  and  hammered  water-tiffht  with- 
out soldering:  this  prevented  nij)ture  from 
expauHion,  wliich  ot^eu  occurs  in  Rolder- 
ed  vessels.  As  a  means  of  carryinjr  wa- 
ter it  i«  in  constant  use,  though  liable  to 
mony  objections.  The  metal,  when  pure, 
is  perfectly  insoluble  in  water,  but  the 
oxide  and  carlx)nate  of  lead  arc  soluble  in 
water  containing  an  excess  of  carbonic 
acid.  "When  water  runs  throutrh  a  lead 
pipe  it  oxidizes  it  in  a  very  short  time, 
forming  a  white  or  yellow*  crust  on  the 
inside.  This  dissolves  to  a  small  extent 
in  the  water,  and  this  latter,  when  drank, 
produces  all  the  svmptoms  of  poisoninf^ 
by  lead.  On  this  account,  lead  pipes  have 
been  superseded  by  iron,  zinc,  irutta  per- 
chtt,  oiKi  glass  pipes.  i)r.  L'hrislisoii  has 
shown,  that  the  purer  the  water,  that  is 
the  more  pure  it  is  from  saline  nuitters, 
the  greater  is  the  corrosion  of  the  j>i}te 
and  the  amount  of  lead  dissolved  :  but 
that  if  the  water  ('<»ntain  much  saline  mat- 
ter, especially  suljihates,  the  lead  is  pre- 
cipitated out  of  the  water  and  no  injury 
cau   arise.     He   recommended  that  new 


leaden  pipes  ahonld  be  plngved  up  for  a 
few  days  with  a  solution  ot  sulphate  of 
soda  or  phosphate  of  soda  until  the  whole 
inside  of  the  pipe  was  coated  with  a  crust 
of  sulphate  or  phosphate  of  lend,  which 
effectually  protects  the  pipe  from  anj 
further  action.  If  this  cannot  be  conve- 
niently done,  a  zinc  cistern  may  be  used 
to  receive  the  water  which  has  flowed 
through  the  pipe :  atter  having  lain  a  few 
hours,  the  lead  present  in  the  water  will 
be  thrown  down  as  a  dark  powder  on  the 
surface  of  the  zinc.  Should  this  plan  not 
be  adopted,  the  water  should  be  allowed 
to  run  tVeely  through  the  pipes  for  *wo 
days  before  it  be  applied  to  any  domestic 
purpose.  Vessels  of  lead  should  never 
oe  used  for  culinary  or  dair}*  purposes. 
Lead  is  used  for  making  «Ao<'and  9older. 
It  forms  an  imperfect  alloy  with  copper. 
The  common  brass  cocks  is  an  alloy  of 
these  two  metals.  The  union  is,  how- 
ever, so  partial,  that  on  heating  the  cock 
the  lead  melts  out  and  leaves  the  copper. 
This  process  is  called  liquation.  The 
nitrate  of  lead  is  made  by  heating  the  me- 
tal with  warm  nitric  acid, — a  crude  and 
weak  solution  of  this  salt  of  lead,  consti- 
tuted the  disinfecting  liquid  of  Ledoyen 
&  Calvert,  which  has  been  so  preposter- 
ously overrated.  It  is  capable  of  aeconi- 
posing  animal  sulphurets,  phosphurets, 
and  hence  of  removing  the  unpleasant 
smells  of  drains  and  water-cla^ets,  but 
bevond  this  action  it  has  hardly  any,  and 
it  IS  quite  incapable  of  breaking  up  and 
rendering  innocuous  a  miasm  in  the  way 
in  which  chlorine  does.  Calvert  fell  a 
victim  to  his  trials  of  this  solution  in  the 
Fever  Hospitals  in  Canada. 

Lead  constituted  the  writing-table  of 
the  ancient  Greeks  and  Romans. 

When  metallic  lead  is  strongly  heated 
in  the  reverberatory  furnace  it  c>eonie6  of 
a  dull  color  on  the  surface,  loses  its  me- 
tallic appearance,  and  puts  on  the  appear- 
ance of  a  dross  or  powder.  "When  this 
dross  is  heated  to  a  low  ignition,  it  be- 
comes of  a  dull  yellow  color,  and  is  called 
cojiunnn  rua^m^'t  •  and,  by  a  higher  heat 
and  longer  exposure  to  the  air,  it  as- 
sumes a  deeper  vellow,  and  is  then  csilled 
jruittsii-ot.  Til  is  is  the  protoxidt  if  l*tiJ, 
and  consists,  in  112  parts,  of  11)4  lead  and 
!S  ox\gi'n.  AVhen  it  contains  about  four 
per  cent,  of  carhonic  acid,  it  is  called  li- 
thiinjt.  It  unitis  with  aeida,  and  is  the 
base  of  all  the  salts  of  lead.  If  the  pro- 
toxide, or  nu'taliic  lead,  be  subjected, 
during  4^  jiours,  to  the  heat  of  a  rever- 
beratory furnace,  it  passes  to  the  condi- 
tion Alfred  oxide,  or  what  is  commonly 
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oalled  minium^  or  red  lead.  Its  composi- 
tion ii»,  in  116  parts,  104  lead^  12  oxy^fcn. 
Lead  forms  a  compound  with  chlorine. 
The  anion  w  etfected  by  adding  mnriatic 
acid,  or  a  solution  of  common  salt,  to  the 
acetate  or  nitrate  of  lead  diasolvea  in  wa- 
ter. This  chloride  fuses  at  a  temperature 
below  redness,  and  forms,  as  it  cools,  a 
semi-transparent  homy  mass,  sometimes 
called  horn  lead. 

The  pigment  called  mineral^  or  patent 
yellow^  18  a  compound  of  the  chloride  and 
protoxide  of  leud.  It  is  prepared  for  the 
purposes  of  the  arts  bv  the  action  of 
moitttened  sea-salt  on  litharge,  by  which 
means  a  portion  of  the  protoxide  is  con- 
verted into  chloride. 

'WiirTE'LEAD,  or  carbonate  of  lead,  is 
prepared  by  exposing  narrow  slips^  or 
thin  lead,  to  the  steam  oi  vinegar,  m  a 
close  vessel.  The  slips  are  laid  on  bars 
of  wire  above  the  surface  of  the  boiling 
vinegar.  For  flake-white,  dilute  sulphu- 
ric acid  is  preferred. 

There  is,  (says  Thomson.)  only  one 
direct  poison  among  the  suits  of  lead, 
which  is  the  carbonate ;  and,  when  the 
other  salts  of  lead  display  poisonous  ef- 
fects, these  are  to  be  attributed  cither 
wholly,  or  in  part,  to  their  conversion 
into  the  carbonate.  This  salt  acts  as  a 
powerful  sedative  astringent  on  the  liv- 
ing system,  diminishing  the  nervous  en- 
ergy, and,  consequently,  greatly  depress- 
ing' the  powers  of  the  circululioii,  and 
lowering  the  tone  of  the  muscular  system. 
It  is  prooably  taken  into  tlie  blood,  which 
may  account  for  its  slow  operation  when 
it  is  introduced  into  the  stomach  in  nii- 
unto  doses,  for  a  considerable  length  of 
time,  and  also  for  its  producing  similar 
effects,  when  applied  to  the  hurfuce  of 
the  body  denuded  of  the  cuticle,  or  in  a 
state  of  ulceration. 

Great  mischief  has  been  produced  bv 
the  use  of  lead  in  dairies.  If  the  milk 
runs  into  the  slightest  acidity,  some  leud 
will  be  dissolved,  and  injurious  conse- 
quences will  follow  if  it  is'takcu  into  the 
stomach. 

Ltad  in  Winee  is  detected  by  a  black 
precipitate,  which  will  be  instantly  j)ro- 
duced  by  the  following  mixture  : — Kx- 
jH>se  equal  parts  of  sulphur  and  powder- 
ed oyKter-sliells  to  a  white  hcut  for  a 
quarter  of  un  hour.  When  cold,  add  an 
ei^uul  quantitv  of  cream  of  tartar,  and 
l)oil  them  with  water  in  a  strong  bottle 
for  an  hour.  Transfer  to  ounce  phial.-*, 
and  add  to  each  20  drops  of  muriatic 
acid. 


To  redvce  Bed  Lead.  Heat  in  a  Hessian 
cmeible  2  oz.  of  red  lead  with  2  drs.  o( 
powdered  charcoal,  and  1  oz.  of  common 
salt.  The  result  will  be  2  oz.  of  pure  m^ 
tal. 

When  nitrate  of  lead  or  of  bismuth  ia 
boiled  with  carbonate  of  lime,  magnesia, 
or  barytes,  these  salts  are  decomposed, 
and  the  oxides  src  so  completely  preeipi' 
tated  that  hydrosulphuret  of  ammonia 
shows  no  traces  of  them  in  the  solution. 
Carbonate  of  lime,  when  added  to  a  cold 
solution  of  these  metals,  precipitates  onlj 
the  oxide  of  bismuth.    Beveral  methodia 
have  been  proposed  for  separating  the 
lead  which  is  contained  in  the  bismuth  of 
commerce ;  but  carbonate  of  lime  is  pre- 
ferable. 
LEAD,  BLACiv.    See  Pluhbaoo. 
LEAD.  yoR  Sounding.    The  common 
hand  leacl  weighs  11  lbs.  with  about  20 
fathoms  of  line.     The  leadsman  stands 
somewhere  on  the  side  of  the  vessel, 
leaning  against  a  band  for  the  purpose  : 
lets  the  lead  descend  near  the  water; 
then,  swinging  it  over  his  head  onco,  or 
twice,  if  the  snip  is  going  fast,  throws  it 
fonft'ard.    The  hne  is  marked  at  5,  7.  10, 
18,  17,  and  20  fiithoms.    The  number* 
between  are  called  detps  ;  thus,  "  by  the 
mark  7,"  "  by  the  deep  nine,"  indicates 
7  and  S)  fathoms. 

When  the  depth  is  great,  the  deep-sea 
lead  of  '28  lbs.  is  used.  The  lead  is  drop- 
ped from  the  fore  i)art  of  the  vessel,  the 
line  being  passed  outside  all.  It  is  ge- 
nerally necessary  to  heave  the  ship  to. 

LEAD-ISilOT.  The  origin  of  most  of 
the  imperfections  in  the  manufacture  of 
IeHd->hot  is  the  too  rapid  cooling  of  the 
spherules  by  their  being  dropped  loo  hot 
into  the  water,  whereby  their  surfaces 
form  a  solid  crust,  while  their  interior  re- 
mains tluid^  and,  in  its  subsequent  con- 
cretion, shrinkn,  so  as  to  produce  the  ir- 
regularities of  the  shot. 

The  patent  shot  towers  obviate  this 
evil,  by  exposing  the  luscd  spherules 
alter  they  pass  through  the  cullender,  to 
a  large  body  of  air  during  their  descent 
into  the  wuter  tub  placed  on  the  ground. 
1  The  greatest  erection  of  this  kind  is  pro- 
bably at  Villach,  in  Carinthia,  being  5i40 
Vienna,  or  249  English  feet  high. 

The  quantity  of  ar>enic  added  to  the 
mass  ot  nielled  lead,  \aries  according  to 
the  qualiiy  of  this  metal  :  the  harder  and 
lest*  ductile  the  lead  is,  tlie  more  un-enic 
must  be  added.  About  a  poiintls  of  either 
while  arsenic  or  orjiimcni  is  enough  for 
one  thousand  parts  of  soil  lead,  and  about 
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8  for  the  coarser  kinds.  The  latter  arc 
employed  preferably  for  shot,  as  they  arc 
cheaper  and  answer  sufficiently  well. 
The  arsenical  alloy  is  made  either  by  in- 
troducing some  of  this  substance  at  each 
melting,  or  by  making  a  quantity  of  the 
compound  considerably  stronger  at  once, 
and  adding  a  certain  portion  of  tluH  to 
each  charge  of  lead.  If  the  particles  of 
the  shot  appear  lens-shaped,  it  is  a  proof 
that  the  proportion  of  urscnic  has  been 
too  great;  but  if  they  are  flattened  upon 
one  side,  if  they  are  Ijollowcd  in  their 
middle,  called  cujrmin^/  by  the  workman, 
or  drag  with  a  tail  behind  them,  the  pro- 
portion of  arsenic  is  too  small. 

The  following  is  the  process  pre«cribed 
by  the  patentees,  Ackerinan  and  Martin. 
Melt  a  ton  of  soft  lead,  and  sprinkle 
round  its  sides,  in  tlie  iron  pot,  aV)ont  two 
shovelfuls  full  of  wood  ashes,  takiuif  care 
to  leave  the  centre  clear;  thon  put  into 
the  middle  about  40  iH)ini<ls  of  arsenic,  to 
form  a  rich  alloy  witii  the  lead.  Cover 
the  pot  with  an  iron  lid,  and  lute  the  joints 
Quickly  with  loam  or  mortar,  to  confine 
tne  arsenical  vapor:*,  kcepin«»'  up  a  mode- 
rate fire  to  maintain  the  inixturo  fluid  for 
three  or  four  hours  ;  after  wliu-h  skim 
carefully,  and  run  the  alloy  into  moulds 
to  form  ink'ots  or  pigs.  Tiic  composition 
thus  made  is  to  be  put  in  tlic  proportion 
of  one  pii?  or  inirot  into  looi»  j.ojukU  <>f 
melted  ordinary  load.  When  tiic  whole 
is  well  coml)ined,  lake  a  perf'M-atcd  skim- 
mer and  let  a  fiw  droj.s  of  it  fall  tVom 
some  heiirht  into  a  tub  cf  watrr.  It'tht-y 
do  not  af>poar  L'lohiilar,  sonic  ni<>rc  ai'si  id- 
eal alloy  must  be  added. 

TanuI  whii'h  eont;ii!is  a  g(v>d  deal  of 
pewler  or  tin  must  he  rejoete  I.  h( mmu^l- 
it  tends  to  i»rodu«c  elouirated  drops  or 
tiiils. 

LKATITEK.     X.>  Tanmm,. 

LKATIIKK  (\'.\i{\rsirKD  Fhkn«  u.  man- 

UKACTDJK   OF).      Tliis    [.roCOSS    Con^i^t-    of 

two  o[>erations  :  —  First,  the  ]u-e|>;irutioii 
of  the  skin,  des<Tihfd  under  tin-  liead 
7'iinuui'f :  and,  second,  the  varuishiiej  of 
the  leather  thus  dres-^r-d.  In  tlie  ]trej)a- 
ration  of  the  le:ither,  hn^eed  oil,  made  to 
dry  quick  by  means  of  nu'tallic  o\ideH  au'l 
salt,  is  einpIo.Ncd  as  tin'  ha>is.  F')r  ea<h 
Iwentv-two  j.'-allons  of  liimocd  oil,  twenlv- 
two  Ihs.  of  white  lead  atul  tweiity-tuo  Ihs. 
of  litharL'c  are  ciniilovcd,  and  the  oil  l.iil- 
ed  with  those  iiejredients  until  it  hn>-  mT- 
tained  the  consistency  «tf  svru|t.  This 
pre}taration.  mixed  cither  with  chalk,  or 
ochres,  is  ap|»lied  to  leather  by  means  ot' 
appropriate  tools,  and  well  worked  into  the 
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pores ;  three  or  foar  layera  are  applied  in 

succession,  taking  care  to  dry  each  layer 
thoroughly  before  the  application  of  the 
next  coating.  Four  or  five  coatings  of  the 
dried  linseed  oil,  without  the  admi.xturo 
of  tljc  earthy  substimces,  are  then  given  ; 
the  addition  of  very  fine  ivory  black  and 
some  oil  of  turpontme  is  usually  ma<le  to 
the  oil.  These  coatings  are  put  on  very 
thin,  and  when  carefullv  dried  the  leather 
is  rubbed  over  with  lino  pumice  stone 
powder  to  render  the  surface  perfectly 
smooth  and  even,  for  the  reception  of  the 
varnish.  The  varnish  is  composed  as 
follows: — Ten  lbs.  of  oil  prepared  as 
above,  half  a  lb.  of  asphalt  or  Jewish  bitu- 
men, five  lbs.  of  copal  varnish,  and  ten 
lbs.  of  turpentine.  The  oil  and  asphalt 
are  first  boiled  togetlier,  the  copiU  var- 
nish an<l  turpentine  added  afterward,  and 
the  mixture  well  stirred.  Instead  of  as- 
)halt,  Prusian  blue  or  Ivory  black  may 
e  employed.  This  varnish  must  be  kept 
in  a  warm  ])lacc  for  two  or  three  weess 
before  it  is  fit  for  use.  The  greatest  pos- 
sible care  must  be  taken  both  before  and 
during  the  application  of  the  varnish  to 
prevent  the  n«.lherence  of  any  dust  to  the 
leather.  The  leather,  when  varnished, 
must  be  put  into  drying  stoves,  heated  to 
al)out  2oo  dcjrrces  or  more,  according  to 
the  nature  of  the  leather  and  the  varnish 
emploved. 

LEECH,  ARTIFICIAL.  Dr.  Charles 
KoiliTiTs,  of  Jetlcrson,  Wisconsin,  has  in- 
vented a  most  infreni«»us  little  instrument 
as  a  substitute  tor  the  common  cuj>(»ing 
proce-is,  and  lus  an  artificial  lei'ch.  in  the 
first  jdace  the  intlained  part  t>f  the  patient, 
or  on  whatever  part  on  which  it  is  de- 
siLMied  to  oi)erate,  is  perforated  in  one  or 
more  places  by  a  lancet,  im}»elled  in  a  tube 
by  Idouinf;  it  like  a  Guinea  arrow  with 
tlie  mouth.  Tiic  artificial  leech  consisL» 
ol'  a  Lrla>s  tube,  which  is  set  upon  the 
wound,  and  by  a  small  metal  tube  at  the 
other  end.  all  the  air  is  exhausted,  when 
tlie  blood,  <Vc.,  rises  in  the  vacuum,  and 
communication  is  then  cut  off  from  the 
atmosphere  by  an  inircnious  slide  valve, 
which  rstops  the  mouth  of  the  small  me- 
til  tube.  This  invention  is  a  neat  im- 
provement in  the  ait  of  surgery.  Mea- 
'^ures  have  been  taken  to  secure  a  patent. 
It  appears  to  be  similar  to  the  artificial 
leeeli  of  Alexander,  in  London. 

LE(^I1(»KN  HATS.  It  is  chieflv  in 
the  nciLflihorhood  of  Florence,  Pisa,  the 
di.-trict  of  Sienna,  and  in  the  upper  part 
c>f  the  valley  of  the  Arno,  that  tlie  t)est 
l»l.ittinL'  is  niaile  for  straw  hats.  The  straw 
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ased  in  working  these  hats  is  flprovn  in 
districts  moantainous  and  sterile.  It  is 
produced  from  a  kind  of  wheat,  of  which 
the  grain  is  very  small.  This  straw, 
thoiiifh  slender,  has  mnch  consistence, 
and  the  upper  port  of  the  stalk  being  per- 
fectly hollow,  is  easily  dried.  It  is  pulled 
out  of  the  earth  before  the  grain  begins 
to  form.  After  being  freed  from  the 
soil,  which  adheres  to  the  root,  it  is  form- 
ed into  small  sheaves,  to  be  winnowed ; 
the  part  above  the  last  joint  of  the  stem 
is  then  plucked  off,  which  is  from  four  to 
six  inches  long,  the  ear  remaining  attach- 
ed to  it.  This  Doing  done,  it  is  bleached 
by  the  dew  and  the  suns  nine.  Kuin  is 
very  injurious  to  it,  and  destroys  much 
of  its  wnitene?s.  Tlie  lower  parts  of  the 
straw  are  treated  in  the  same  niunnor,  nnd 
employed  in  fonning  hats  of  an  inferior 
quality.  The  upper  part^,  torn  otf  iiist 
to  the* knot,  are  sorted  accordinjj  to  their 
degree  of  fineness.  This  ntaplin^  is  made 
with  much  care,  and  usually  atl'ords  »tniw 
of  three  different  prices.  A  quantity  of 
straw,  worth  8  cents,  after  lioving  under- 
gone this  process,  is  sold  for  !fl-25.  Tlie 
tress  is  formed  of  seven  or  nine  straws*, 
which  arc  begun  at  the  lower  end,  and  arc 
consumed,  in  platting,  to  within  an  inch 
and  a  half  of  tne  upper  extremity,  includ- 
ing the  ear.  Al  the  ends  of  tlic  straws  that 
have  been  consumed  are  loft  out,  so  that 
the  ears  are  on  *he  other  side  of  the  tress. 
As  fastas  it  is  worked,  it  is  rolled  on  a  cy- 
linder of  wood.  When  it  is  finihlicd,  the 
projecting  ends  and  ears  are  cut  otf;  it  is 
then  passed  with  force  between  the  hand 
and  a  piece  of  wood,  cut  with  a  sharp 
edcre,  to  press  and  polisli  it.  The  tresses 
thus  prepared  are  so  use<l  tliat  a  coinoletc 
hat  shall  be  formed  of  one  j)iece.  Tliey 
are  sewed  twether  with  raw  silk.  Tiic 
diameter  of  the  hat  is  in  general  the  same  ; 
the  only  difference  eonsisLn  in  the  dei;ree 
of  fineness,  and,  consequently,  the  num- 
ber of  turns  which  the  tress  luis  ma<lc  in 
completing  the  hat:  some  having  from 
twenty  to  eitfhty  such  turns. 

LEMON  (Citrus).  One  species  of  the 
genus,  of  which  oranjre  is  imoiher.  Tlie 
outer  rind  contains  a  fnurrant  oil.  The 
juice  is  a  very  rcfreshiiiif  modification 
of  citric  acid  with  mucila^rc,  sui?ar,  and 
water.  The  trees  produce  thousands  of 
the  fruit.  To  keep,  the  juice  is  crystal- 
lized, nnd.  when  wanted,  dissolved  in  any 
liquid.  The  essential  oil  is  produced  by 
distillation  with  water  and  alcohol. 

Lemon  Dkops.  Mix  4  lb.  of  suirar  with 
8  drs.  of  Siilt  of  sorrel  in  a  little  water, 
boil,  add  k  lb.  more  sugar,  and  8  drops 


of  essence  of  lemon  ;  or,  (tartaric  add.  and 
citric  acid,  for  the  sorrel-s»alt,  ana  le- 
mon) ;  then  with  a  crooked  wire  draw  it 
out  in  drops  on  a  slab. 

Lemonade  Powders.  Mix,  and  divide 
into  24  parts,  6  oz.  of  sugar,  10  drops  of 
essence  of  lemon,  and  1  oz.  of  tartaric 
acid. 

LENS.  In  Optics,  a  thin  piece  of  glass 
or  any  other  transparent  substance, 
bounded  on  both  sides  by  polished  spher- 
ical surfaces,  or  on  the  one  side  dv  a 
spherical  and  on  the  other  by  a  plain 
surface  ;  and  having  this  property,  that 
parallel  rays  of  light,  in  passing  through 
it,  have  their  direction  changed,  so  as  to 
converge  to  a  given  point,  called  the 
principal  focun  of  the  lens,  or  to  diverge 
as  if  they  proceeded  from  that  point. 

LensetJ  are,  in  fact,  mere  multiplying- 
glasscs,  with  an  infinite  number  of  sides, 
producing  an  infinite  number  of  images, 
whose  visual  resultant  is  one  blended  fig- 
ure, expanded  over  the  whole  visual  angle 
of  the  glass,  in  length  and  in  breadth, 
and  therefore  said  to  be  magnified.  The 
images  produced  by  the  inclined  or  ob- 
lique sides,  owing  to  unequal  reft-actions, 
are  however  highly-colored  in  the  focus  ; 
and,  owing  to  tlie  unequal  inclinations  of 
the  spherical  form,  the  rays  do  not  all 
converge  exactly  to  the  same  point.  Len- 
ses have  therefore  been  verv  projtcrly  com- 
posed of  two  kinds  of  grass,  which  re- 
fract dilferently  or  unequally,  and  then, 
V»y  combining  a  convex  and  a  concave, 
the  inoquailily  is  destroyed,  and  the  ini- 
M<je  free  from  color.  The  forms  too  have 
been  varied  from  the  spherictd  to  the 
parabolic,  with  a  view  to  concentrate  the 
rays  in  one  point.  Lenses  are  manufac- 
tured with  irreat  precision,  by  steam 
])<)wer,  by  Jenkins  s  machine,  fixed  in 
concave  basins,  and  the  friction  proceeds 
on  some  liun<lre<ls  at  the  same  tune. 

A  xphiriciil  /</<rf,  shown  at  A,  is  a 
sphere  or  trlolmle  of  ^lass. 

Lenses  receive  dillereiit  denominations, 
accordintr  to  their  ditfcrent  forms. 

A  ih'ul'U-  omiiX  leuji,  shown  at  B,  is  a 
solid  l\)rmed  by  two  convex  spherical  sur- 
faces ;  and  is  n/'tdl^f/  ct>/n'fX  or  vrn quail  1/ 
conrrx^  accordiiiir 
as  the  ra<lii  of 
its  two  surt'aces 
are  equal  or  une-  IC 
qual. 

A  phi  no-con  rr.r  hnit,  C,  is  that  of  which 
one  otthe  surt'aces  is  plu/K  and  the  other 
con  vtx. 

A  iiinihlt'  ronciftr  hnft^  D,  is  bounded 
by  two  I'oncare  sj)hcrical  surt'aces,  which 
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have  either  the  same  or  a  different  oar- 

vature. 
D       B        F        a  iLplano-can- 

**  cave    lenSy    E, 

It       S       I       II  ta*   ^^^  *"^- 
■       V      1  taceplane,  and 

^  the  other  oon^ 

cave. 

A  menUeut,  F'  (so  called  from  its  re- 
pemblance  to  a  little  moon,)  is  a  lens  of 
which  one  of  the  surfaces  is  convex  and 
the  other  concave^  and  which  meet  if  con- 
tinued. The  radins  of  the  convex  sur- 
face is  consequently  smaller  than  the 
radius  of  the  concave 

A  concavo-convex  UnSy  G,  is  that  of 
which  one  of  the  surfaces  is  concave  and 
the  other  cr>;i»«;;  but  in  this  case  the 
surfaces  will  not  meet  though  continued, 
the  radius  of  the  concave  surface  being 
smaller  than  that  of  the  convex  one. 

The  straight  line  M  N  which  passes 
through  the  centres  of  all  the  curved  sur- 
faces, or  is  perpendicular  to  both  »urfnecs 
of  the  same  lens,  is  called  the  axU  of  the 
lens  ;  and  it  is  in  this  line  that  the  focus 
of  the  lens  is  situated. 

It  was  observed,  at  an  early  period,  that 
a  transparent  body  of  a  spherical  form  has 
the  property  of  collecting  at  the  focus  the 
parallel  rays  of  light  which  fall  on  its 
surface.  But  it  was  remarked,  at  the 
same  time,  that  the  illumination  at  these 
foci  was  extremely  feeble,  in  consequence 
of  the  thickness  of  the  ghiss  which  the 
light  had  to  pass  through.  This  incon- 
venience is  removed  by  takintj  only  two 
small  segments*  instead  of  the  cjitire 
sphere  ;  by  which  means,  as  tlie  ret'mo- 
tion  takes  place  only  at  the  surfaces,  arul 
not  in  the  mterior  of  the  glass,  the  vory 
same  refraction  of  the  rays  is  produoptl 
as  when  the  wliole  sphere  is  u^cd  :  and 
the  thickness  of  the  glass  bciiisr  trreatly 
diminished,  the  rays  pass  throuju'li  it  in 
much  greater  hnmbcr,  and  the  iiitoiisily 
of  the  liffht  in  the  focus  is  mucli  more 
considerable. 

The  rules  for  finding  the  focal  distances 
of  the  different  sorts  of  lenses  are  the 
following.  They  depend  in  some  meas- 
ure on  the  refracting  power  of  the  trhiss. 
We  shall  here  suppose  the  index  of  re- 
fraction to  he  !•.')•  K». 

Lenses  of  great  power  and  correct  form 
are  made  in  this  country. 

LEVEL.  An  instrument  which  shows 
the  direction  of  a  striiiirht  line  parallel 
to  the  plane  of  the  horizon. 

The  plane  of  the  sensiMe  horizon  is 
indicated  in  two  ways  :  by  tlie  direction 
of  the  plummet  or  plumb-line,  to  wliicli 


it  is  perpendicular ;  and  by  tbe  sarfaoe 
of  a  nQid  at  rest.  Aocordingly,  levels 
are  formed  either  by  means  of  the  plumb- 
line,  or  by  the  agency  of  a  fluid  applied 
in  some  partictilar  manner.  They  all  de- 
pend upon  the  same  principle,  namely, 
the  action  of  terrestrial  gravity. 

Levels  in  which  the  plumb-line  forms 
the  essential  part  are  those  most  usually 
emploved  for  the  common  purposes  re- 
quired by  bricklayers,  masons,  carpen- 
ters, &c.  They  arc  constructed  under 
many  different  forms,  but  the  general 
principle  is  as  follows  :  A  frame  or  board 
IS  prepared,  having  one  ed^c  perfectly 
straight,  and  a  straight  line  is  drawn  on 
the  frame  at  right  angles  to  the  straight 
edge.  To  some  point  of  this  straight 
line  a  thread  carrying  a  plummet  is  at- 
tached j  consequentlv,  when  the  frame  is 
placed  m  such  n  position  that  the  thread 
of  the  plummet,  hanging  freely,  coincides 
with  tne  straight  line,  the  straight  edge 
of  the  frame,  which  is  perpendicular  to 
it,  must  be  horizontal.    See  Plummet. 

The  Artillery  Foot  Lerel^  and  the  tr«»- 
ner*8  Level.,  besides  the  lino  and  plum- 
met, have  a  hcale  for  showing  the  incli- 
nation of  a  straight  line  to  the  horizon. 
The  former  has  two  equal  legs  or  branches 

placed  at  right 
angles  ;  and 
from  their 
point  of  junc- 
tion a  thread 
and  plummet 
hangs,  and  plays  over  a  quadrant  divided 
into  twice  45'^*  from  the  middle.  The 
plane  or  line  on  which  the  two  ends  rest 
IS  horizontal  when  the  thread  falls  over 
tlie  zero  point  of  the  scale  ;  and  when  it 
falls  over  any  other  point,  the  degree 
marked  (m  the  scale  indicates  the  incli- 
nation of  the  line  to  the  horizon.  The 
irJiMiier's  level  is  on  the  same  principle, 
thouirh  differently  constructed  ;  the 
thread  or  plummet  being  replaced  by  a 
solid  piece  of  brass,  loaded  at  the  lower 
end,  and  the  legs,  or  rather  the  edges,  of 
the  brass  plate  makins:  an  angle  of  45°. 
It  is  used  in  the  same  manner  as  the 
former. 

Spirit  lj>vd. — By  far  the  most  conven- 
ient and  also  the  most  accurate  level  is 
the  spirit  level,  represented  in  the  an- 
nexed fiuMire  ;  ''which  is  nothing  more 

J ~7, — ~~, \      than  a  glass  IuIkj 

/w         ^  -__Jj1    nearly  filled  with 
^^     —        -  ^1»  n  liquid  (spirit  of 

wine  bein<_r  now  generally  used,  on  ac- 
count of  its  infthilifffy  and  not  beine  liable 
to  freeze,)  the  bubble  in  which,  when  the 
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tnbe  is  placed  horizontally,  would  Te»t  in- 
differently in  any  part  it  the  tube  could 
be  made  mathematically  stniight ;  but 
that  being  impossible  to  execute,  and 
every  tube  having  some  slisht  cur\-ature, 
if  the  convex  side  be  placed  upwards  the 
bubble  will  occupy  the  higher  part,  as  in 
the  figure  (where  the  curvature  is  pur- 
posely exaggerated.) 

The  accuracy  of  the  indications  of  the 
level  depends  in  a  considerable  decree 
on  the  regularity  of  the  interior  surlaces 
of  the  tube.  They  are  commonly  made 
of  glass  tubes  in  the  same  state  as  they 
are  obtained  at  the  glass-house  :  but  when 
very  great  accuracy  is  reouired,  as  in  as- 
tronomical observations,  the  interior  sur- 
faces are  sometimes  ground  so  as  to  give 
them  a  regular  cyRndrical,  or  rather 
spindle  form,  with  a  Rlicrht  spherical  cur- 
vature. Tlie  tube  and  bubble  must  be  of 
considerable  length.  The  larger  the  bub- 
ble, the  more  freely  it  moven,  and  conse- 
quently, the  more  sensible  is  the  level  to 
a  small  inclination.  With  proi^er  care 
thev  can  be  executed,  it  is  said,  with  such 
dclfcacy  as  to  indicate  a  single  second  of 
angular  deviation  from  exact  horizon- 
taljty. 

L^VER.  In  Mechanics,  nn  inflexible 
rod  movable  about  VL^ulcrvm  or  prop,  and 
having  forces  applied  to  two  or  more 
points  in  it.  The  lever  is  one  of  the  me- 
chanical powers :  and,  being  the  simplest 
of  them  all,  was  the  first  that  was  attempt- 
ed to  be  explained.  Its  properties  are 
treated  of  by  Aristotle ;  but  tnc  first  nc- 
cunite  explanation  wus  given  by  Archi- 
medes, in  ills  Treatise  iJe  £fjuij}ondtranti- 

bus. 

In  treating  of  the  lever,  it  is  convenient 
to  distingni&h  the  forces  applied  to  it  V)y 
different  names.  One  is  usuully  called  the 
potceTy  the  other  the  u-tight  or  renUtance. 

Fio.  1.  Fio.  2. 
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Levers  are  commonly  divided  into  three 
kinds,  according  to  the  rehitive  pOKitions 
of  the  power,  the  weight,  mid  the  fulcrum. 
In  a  lever  of  the  first  kind  (fig.  1),  the 
fulcrum  F  is  between  the  power  Pnnd  the 
weight  W.    In  a  lever  of  the  second  kind, 

Fio.  8  Fig.  4. 

r, 


J3 


ft=~±- 


(fig.  2.\  the  weight  W  is  between  the  ful- 
crum F  and  the  power  P.    In  a  lever  of 


the  third  kind  (fig.  8),  the  power  P  is  be- 
tween the  fulcrum  F  and  the  weight  W. 
The  general  principle  of  the  lever  is, 
that  when  the  power  and  weight  are  in 
equilibrio^  they  are  to  each  other  inverse- 
^y  as  their  distances  from  the  fulcrum. 
This  projpcrty  is  almost  an  obvious  conse- 
quence trom  the  principle  of  virtual  ve- 
locities ;  but  it  may  be  deduced  from  more 
familiar  considerations.  Let  A  B  be  a 
cylinder  or  bar  of  homogeneous  matter. 
If  supported  from  the  middle  O,  the  two 
ends  would  evidently  balance  each  other, 
and  the  pressure  at  O  would  be  the  same 
as  if  the  whole  matter  of  the  bar  were  con- 
centrated in  that  point.  Suppose  it  to 
consist  of  two  parts,  A  0  ana  B  C,  these 
again  would  be  separately  supported  at 
their  middle  points  D  and  £;  or  the 
whole  of  the  matter  in  A  C  may  be  con- 
ceived to  be  concentrated  at  D,  and  the 
whole  of  that  in  B  C  at  £,  and  the  equili- 
brium would  not  be  disturbed.  Hence 
the  weight  of  A  C  attached  at  D,  and  the 
weight  of  B  C  attached  at  E,  would  bal- 
ance the  inflexible  line  D  E,  if  supported 
at  O,  the  centre  of  the  whole  bar  A  B. 
But  0  D=A  O— A  D=*  A  B— i  A  C=* 
B  C  ;  and  O  E=0  B— E  B=*  A  B— 4  CB 
=*  A  C ;  consequently,  O  D  is  to  O  £  as 
B  C  to  A  C ;  or  O  D'  is  to  0  E  as  the 
weight  concentrated  at  E  to  the  weight 
concentrated  at  D.  This  demonstration 
is  commonly  ascribed  to  Archimedes. 

This  proposition  shows  the  advantage 
obtainca  by  using  the  lever  as  a  mechan- 
ical engine.  The  arm  P  F  (fig.  1),  is  com- 
monly longer  than  W  F,  and,  consequent- 
ly, when  there  is  equilibrium  the  weight 
exceeds  the  power.  The  proportion  in 
which  the  weight  exceeds  the  power  is 
called  the  mfchanmil  advantagey  or  pur- 
chase. Snppf)se  P  F  (figs.  1  and  2)=4 
feet,  and  W  F=l  foot ;  then  a  power  of 
1  lb.  Hcting  at  P  will  overcome  a  resistance 
of  4  lbs.  lit  W. 

Suppose  the  lever  with  the  weights  P 

and   vv   to  turn  round  the  fulcrum,  the 

two  points  to  which  P  and  W  are  attached 

will  describe  arcs  proportional  to  the  radii 

'  F  P,  F  \V  ;  eoni*equeutly,  the  power  P  is 

'  to  tlic  wei»:ht  AV  as  the  velocity  of  the 

I  weiirht  to    the    velocity  of  the' power. 

Therefore  in  this,  as  in  all  meehanicMl  en- 

j  gines,  when  a  sniull  power  raises  s  great 

weiL'ht,  the  velocity  of  the  power  is  mtieh 

greater  tlian  the  velocity  of  the  weipht; 

and  what  is  irnined  in   Ibrce  is  therefore 

Haid  to  V>e  lo>t  in  time. 

\Vhen  tliejx'wer  midtlie  weik'^ht  do  not 
act  on  the  lever  in  directions  perpendicu- 
lar to  its  length,  or  when  the  arms  of  the 
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lever  are  not  in  tbe  same  straight  line,  or 
are  bent,  then  the  power  and  the  weight 
are  not  to  eiwh  other  reciprocally  as  the 
arms  of  the  lever,  but  as  the  strnipht  lines 
drawn  from  the  fulcrum  perpendicular  to 
the  respective  directions  in  which  thd* 
power  and  the  weight  take  eflFect. 

LICHENS ;  a  family  of  plants,  belong- 
ing to  the  class  cryptogatnia^  containing 
about  1400  known  species,  are  under  sev- 
eral genera.  Their  substance  is  powdery, 
crustaccous,  membranous,  coriaceous,  or 
even  corneous.  They  are  common  every 
where,  adhering  to  rocks,  the  trunks  of 
trees,  and  barren  soil.  On  ascending 
mountains,  they  are  found  flourishing  be- 
yond the  limit  of  all  other  plants,  oven  to 
the  ver^re  of  perpetual  snow.  Many  of 
them,  fixing  upon  the  hardest  rocks,  by 
retaining  moisture,  facilitate  their  decom- 
position and  promote  the  fornmtion  of 
soil.  Several  of  the  species  are  u^cd  for 
sustenance  in  times  of  scarcity,  by  the  in- 
habitants of  the  northern  regions. 

Iceland  moss  is  exceedingly  abundant 
in  the  arctic  regions,  and  often  atfords 
aliment  to  the  inhabitants,  citlicr  in  the 
form  of  gruel  or  bread,  wliioh  last  is  very 
nutritious.  The  taste  is  bitter,  astrinijrent, 
and  extremely  mucilaginous.  It  is  fre- 
quently emploved  in  pharmacv,  in  the 
composition  ol^  various  pectoral  lozenges 
and  s\Tups,  and  is  celebrated  as  an  arti- 
cle or  diet,  in  combination  with  milk,  in 
coughs  and  pulmonary  ntlVotions. 

Orchil  (rorr/la  fi/irfori/i)  is  also  an  im- 
portant article,  tiioiiijh  less  used  now  than 
formerly,  on  account  of  the  fnijilivoness 
of  the  rich  purple  and  rosc-c( 'lured  d\es 
which  it  yields.  Sonic  of  its  tints,  how- 
ever, are  capaV)le  of  bcinir  lived,  and  it  is, 
besides,  employed  for  staining  niarl»lc, 
forminir  bliu^  veins  and  spots.  Sevcrjil 
other  lichens  atford  dyes  of  various  colors, 
as  litmus. 

Liclicn,  Liverwort,  or  Alij:a\  are  the 
stunted  lierhaire  of  the  arctic  eircle.  and 
of  barren  healiis.  In  I<-elaiid  and  Lap- 
land, it  is  eaten  in  broth  and  milk,  and 
even  ina<lc  into  bread,  its  hittcrnc.-s  ho- 
iuiT  removed  hv  washini;  in  li<'t  waters. 
It  contains  nnicii  inncihiuc  or  trlnten,  mi.l 
has  boon  exteiisivelv  used  in  i)uhii'>ii;irv 

•  '  * 

coni})laints,  and  as  a  deniulcent,  reli.'viii'/ 
couirJj,  and  correctinix  all  acrid  sec-ieti"ii>. 
Lichen,  Oreiiil,  or  ArL'ol,  aliudol  to 
ali<ne,  is  timious  I'orits  tiye  otjMirplc,  hliie, 
vi<»let,  ifcc.  It  is  mostly  hrou'j-iit  iVonithe 
(.'anary  Isles,  and  is  there  irrouiid  in  a  mill, 
mixed  with  })earl-a."*h  and  urine,  and  >o!d 
in  cakes.  It  is  used  to  hcii^hten  eo|..rs, 
but  is  very  evanescent,  except  when  uscd 


with  a  tin  solntion,  which  gives  to  it  a  per- 
manent red  dye. 

LICK,  or  SALTLICK.  A  salt  spring 
is  called  a  lick  in  the  Western  States,  from 
the  circumstance  that  the  earth  about  it, 
which  is  impregnated  with  saline  parti- 
cles, is  lickea  by  the  bison  and  the  deer. 
Many  of  these  licks  appear  to  have  esdst- 
ed  iJefore  the  habitation  of  the  earth  by 
man,  as  the  bones  of  the  mastodon  and 
other  fossil  animals  are  found  abundantly 
in  them.  Thoy  appear  to  be  situated  in 
the  upper  secondary  beds,  and  contain 
both  iodine  and  bromine  in  combination 
dissolved  in  the  water.  The  latter  sub- 
stance is  in  such  marked  quantity  as  to 
make  these  springs  the  source  of  the  bro- 
mine manufacture. 

LIFE-BOAT.  A  boat  originally  made 
at  Shields,  in  1789,  by  Mr.  Grcathcad,  for 
savincr  the  crews  of  shipwrecked  vessels. 
The  following  are  the  general  principles  : 
The  l>oat  is  wide  and  shallow  ;  the  nead 
and  stern  are  alike,  for  pulling  in  either 
direction,  and  raised,  to  meet  the  waves  ; 
it  y)nlls  double-banked,  the  oars  being  fir, 
for  lightness,  and  fitted  with  thole  pins 
and  gnmimets,  and  is  steered  with  an 
oar.  The  boat  is  cased  round  inside,  on 
the  upper  part,  with  cork,  in  order  to  se- 
cure her  buoyancy  with  as  many  persons 
as  she  can  carry,  even  thouffh  full  of  wa- 
ter ;  the  eork  likewise  assists  in  main- 
taining, or,  if  overset,  in  recovering,  the 
p(tsition  of  stable  equilibrium.  The  boat 
IS  })ainted  white,  to  be  conspicuous  in 
eniergiiiir  from  the  hollow  of  tnc  sea.  It 
is  a  curious  fact  that  the  smugglers  paint 
their  boats  white  for  the  contrary-  reason, 
because  dark-colored  oV)jects  alone  are 
di'^cerniltle  in  dark  niirhts. 

If  a  spheroid  be  divided  into  quarters, 
on<'h  qnartcr  is  ellij^tical,  and  resembles 
the  halfnf  a  wooden  bowl,  havine  a  <*?'r- 
r"f'/rf  rr'tth  proJ(,t'in{i  tjuh.  Such  a  ves- 
sel tlirown  into  tlie  sea  cannot  ho  upset, 
or  lie  with  the  bottom  upwards,  owing  to 
the  ends.  The  lenj/th  is  f^o  '  feet,  the 
brejidth  1<»  feet;  the  depth  from  the  top 
of  the  Lninwale  to  the  lower  part  of  the 
keel  in  midships.  3  feet  3  inches;  from 
the  L'unwMle  to  the  i^lattorm  (within  ),  2 
feet  4  inches:  tVoin  the  top  of  the  >teins 
(Inith  ends  hein'.'  similar)  to  the  liori/on- 
tal  line  of  the  bottom  of  the  keel.  ,5  feet  0 
inches.  The  keel  is  a  plank  of  13  indies 
thick,  of  a  proportionate  breadth  in  nii«l- 
^hir>^,  narnnvinir  LTadually  towards  the 
v\\<\>.  to  the  breadth  of  the  stems  at  the 
b'.tt-'in.  and  l'"rniinir  a  trreat  convexity 
downwards.  The  stems  are  segments  of 
a  circle,  with  a  considerable  rake.     The 
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bottom  section,  to  the  floor-heads,  is  a 
curve  fore  and  aft,  with  tho  sweep  of  the 
keel.  Tlie  floor- timber  has  a  small  rise, 
curving  from  the  keel  to  the  floor-heads. 
A  bil^c-plank  is  wrought-in  on  each  ^ide, 
next  the  floor-heads,  with  a  double-rab- 
bet groove,  of  a  similar  thickneAs  with 
the  keel ;  and,  on  the  outside  of  this,  are 
fixed  two  bilge- trees,  corresponding  near- 
ly with  the  level  of  the  keel.  The  ends 
of  the  bottom  section  form  that  fine  kind 
of  entrance  observable  in  the  lower  part 
of  the  bow  of  the  fishing-boat,  called  a 
cobble,  much  used  in  the  north.  From 
this  part  to  the  top  of  the  stem  it  is  more 
elliptical,  forming  a  considerable  projec- 
tion. Tlie  sides,  from  the  floor-heads  to 
tho  top  of  the  gunwale,  flaunch  off"  on 
each  Hide  in  proportion  to  above  half  the 
breadth  of  the  floor.  The  breadth  is  con- 
tinued far  forwards  towards  tho  ends, 
leaving  a  sufficient  length  of  straight  side 
at  the  top.  The  sheer  is  regular  along 
tho  straiglit  side,  and  more  elevated  to- 
wards the  ends.  The  gunwale  fixed  to 
the  outside  is  three  inches  thick. 

The  sides,  from  the  under  part  of  the 
gunwale,  along  the  whole  length  of  the 
regular  sheer,  extending  21  feet  6  inches, 
are  cased  with  layers  of  cork,  to  the 
depth  of  16  inches  downwards  •  and  the 
thickness  of  this  casing  of  cork  being  4 
inches,  it  projects  at  the  top  a  little  with- 
out the  gunwale.  The  cork,  on  the  out- 
side, is  secured  with  thin  plates  or  slips 
of  copper,  and  the  boat  is  fastened  with 
copper  nails.  The  thwarts,  or  scats,  arc 
five  in  number,  double-banked ;  conse- 
quently, tho  boat  may  be  rowed  with  10 
oars.  The  thwarts  are  firmly  standi i<»n- 
ed.  The  side-oars  are  sliort,  with  iron 
tholes  and  rope  grummets,  so  tliat  the 
rower  can  pull  either  way.  The  l)oat  is 
steered  with  an  oar  at  each  eiul ;  ami  tlie 
stcenng-oar  is  one-third  lonircr  than  tlie 
rowing-oar.  The  platform  placed  at  tlic 
bottom,  within  the  boat,  is  horizontal,  the 
length  of  tho  midshij)s,  and  elevated  at 
the  ends,  for  tho  convenience  of  the 
steersman,  to  give  him  a  greater  power 
with  the  oar.  The  internal  jtart  of  the 
h<*at  next  the  sides,  from  the  under  i»art 
of  the  thwarts  down  to  the  phitfurni,  is 
cased  with  cork ;  the  whole  (juantity  of 
which,  affixed  to  the  life-boat,  is  nearlv 
seven  cwt.  Tho  cork  contributes  niueli 
to  the  V)Uoynncy  of  the  l)oat,  and  is  a  tr<KKl 
defence  in  going  alonL'•^ide  a  ve.->el,  and 
is  of  use  in  keepinL'  the  boat  in  an  erect 
position  in  the  sea,  or  rather  for  ;;ivinir  a 
very  lively  and  ouick  disposition  to  reco- 
ver from  nnv  suaden  cant  or  lurch,  which 


she  may  receive  from  the  stroke  of  • 
heavy  wave. 

The  boats,  in  general,  of  this  descrip- 
tion, are  painted  white  on  the  outside : 
this  color  being  more  conspicuous  when 
rising  iVom  a  hollow  of  the  sea.  The  bot- 
tom of  the  boat  is  varnished.  The  oars 
are  made  of  fir,  of  the  best  quality.  In 
the  management,  she  requires  twelve 
men  to  work  her.  that  is,  five  on  each 
side,  rowing  double-banked,  with  an  oar 
slung  over  an  iron  thole,  with  a  grummet, 
so  as  to  enable  the  rower  to  pull  cither 
way,  and  one  man  at  each  end  to  steer 
her,  and  to  be  ready  at  the  opposite  end 
to  take  the  steer-oar,  when  wnnted.  The 
best  method,  if  tho  direction  will  admit 
of  it,  is  to  head  tho  sea.  T''e  steersman 
should  keep  his  eye  fixed  upon  the  wave 
or  breaker,  and  encourngc  tne  rowers  not 
to  give  wav,  as  the  boat  rises  to  it;  being 
then  aided  by  the  force  of  the  oars,  she 
launches  over  it  with  vast  rapidity,  with- 
out shipping  any  water.  AVhen  a  wreck 
is  reached,  if  the  wind  blows  to  the  land, 
tho  boat  will  come  in  shore,  without  any 
other  effort  than  steering. 

Scheerboom  &  Co.  have  recently  in- 
vented an  apparatus  for  converting  any 
boat  or  vessel  into  a  life- boat,  in  cases  of 
danger,  and  it  is  recommended  by  high 
authorities. 

Mr.  llolbrook,  of  Hull,  England,  con- 
structed a  life-boat,  the  hull  of  which  is 
broad,  and  the  framework  composed  of 
wrought  iron  covered  with  net.  The 
body  is  divided  into  six  compartments, 
containing  bundles  of  floaters,  perfectly 
air-ti^ht,  and  separate  from  each  other  so 
that  injury'  to  one  will  not  aftect  the  rest. 
The  peculiarity  of  the  boat  is,  it  has  no 
bottom  except  a  sliirht  framework  of  cor- 
dair<'  or  nettint:,  the  object  of  the  arrange- 
ment being  to  allow  the  water  to  rise 
within  the  boat  to  the  level  of  that  with- 
out, and  so  secure  a  i>crnmnent  l)allast  of 
water  which  prcehules  the  possibility  of 
beinir  capsized  in  a  heavy  sea.  Thus  the 
C('unler\ailinir  properties  of  buoyancy 
and  steadiness  are  perfectlv  securecl. 
The  internal  arrangements  include  means 
tor  earn  intr  water,  hj»irils,  matches,  wood, 
articles  of  wearing  aj'parel,  with  appara- 
tus lur  boiling  colfec  and  broiling  meat. 
The  boat  also  carries  a  retieetini:  lamp, 
tire  balls,  blue  li<jhts,  roekits,  -co  feet  of 
line,  a  horn,  and  alarm  bell,  and  is  steered 
by  means  of  an  «>ar.  This  boat  has  })ecn 
salisfaciorily  tested  in  severe  weather. 

LIFE-KCoVS  consist  of  two  hollow 
copper  cylinders,  each  as  large  as  a  pillow, 
ancl  sutiicient  to  support  one  man  stMud- 
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iniC  un  them  :  th«r  u 
otiier.    SlioOHi  more 

qui™  lupport,  they  c ^ 

bockels  fltlodtT)  the  buoy,  uid 


KTi 


TBI  UBKFUL   ABTB.  [ua 

ItMer  «]eni<Dt>  beitig  in  Ih«  ume  ntlo  M 


luHHt.  iitUi  whieh  ia  lascrted.  fToin  hoion-, 

hodftd  with  lead,  ia  lucli  ■  manner  that, 

when  the  buav  is  let  ga,  tha  iron  alina 
down  to  a  oerian  eil«iit,  lengthens  the 
lever,  nnd  BDables  the  lead  >t  the  end  to 
aet  aM  ballftnt.  By  thin  menae  the  mo*t  is 
kept  nprijjht,  md  the  buoy  prevented 
from  np^iotting.  The  neiglit  at  the  end 
of  the  rod  is  arranfted  so  aa  to  afford  se- 
cure footinir  for  two  persons,  should  that 
number  reocli  it ;  and  there  are,  bI«o, 
Inrife  rope  beekets  throaith  which  they 
oan  ihrast  their  heada  and  ahoulden,  till 
Bsaiatanee  i>  rendered.     At  the  top  of  the 


■amo  prnceas  whieb  lets  the  buov  full  into 
the  water ;  «.  tlrnt  a  man  fWlina  ovcr- 
boiird  at  niBht  ia  diresled  to  the  buoy  by 

person  who  ha*  ohnrne  on  board  sliip  ol 
Ihe  life-biioy  seea  it  freshly  primed  every 
evening.  In  llie  momine  ific  priming  it 
taken  out  nnd  the  lock  uncorked. 

LIFE-PRESEK VEILS.  Appnralus used 
nt  sea  in  ca>>o  of  peraons  tiilline  over- 
board.   Mr.    Se)iener.   of   England,  in- 


and  ivory  pipe  afflncd :  by  this  air  e:m 

bv  Ihe  stop  cook.  When  not  inflated  it 
folrlii  up  into  n  very  small  compass,  siiila- 
blc  fnrthe  pocket,  and  weigha  uuly  twelve 

An  American  invention  of  a  nim'tnr 
chararter  in  the  firm  nf  a  "traiL'ht  cylin- 
der of  a  eaontelioiic  waler-proof  mnlerinl. 


LIGNIS.  The  woo,ly  fibre.  This 
mo'ic  Important  prDxlm»ia  nrinciiila  of 
vceetablea  eiliilills  itself  in  a  variety  of 

of  har.1  nii.1  soft  w-n.-d  :  nnd  vi.ri.un 
Hbroiu  prodiO'l-i,  siii'h  us  hciiip,  Ihi\, 
cottnu,  &<^.     U'hcn   by  Hno  iiicclmni.Ml 


nt^d   deoBT 


<!  .1(1 '<.'!<»,  ie  particularly  snbjeot  to 
I  1.'  r  .ind  when  once  it  has  made 

I'Mmice,  the  well -seiuoned  limber 

'I.  Lu-lihurhmid  becomes  liable  to  the 
■li-.i>[iic.    The  dry  rol  may  be  pre- 

■I  i>- iEiipreanntiug  the  timber  with 


dilfu-cd'throngh 


wMtr  ;  or,  more  cffectit 
theni  in  certain  aluminous  solutions,  dry- 
ing lliem,  and  afterwards  wnsbinir  oiit 
the  excc49  of  the  salt.  It  ia  in  tliis  wav 
that  cotton  gooila  are  impregnated  with 
aininine  for  the  purpose  of  dyeing  and 
calico  printinii.  Otiier  metaflic  oxides 
exiiibit  Biiuilar  attractive  powei*,  eapo- 
eiallv  the  oside  of  iron. 

The  analogy  that  exisiB  between  the 
composition  of  sugar,  sum,  aurch,  and 
even  vinegar  and  iianin,  sugge.'ta  the 
poisibility  of   tlie  conversion   of   (hose 

Kroximnle  etcnienta  into  each  other  ;  and 
has  aceor<iiii|rly  been  found  that  by 
carefully  roasting  pure  and  fine  sawdust, 
it  is  renilcreJ  partially  soluble  in  water, 
and  that  a  part  at  it  ia  converted  into  ■ 
nntriilons  a  nlwtanct,  probably  intcmicdi- 

whrn  mixed  nilh  a  lilTle  flour,  yields  a 

inliahiiants  of  the 

n  parts  of  Europe  of  the  bark  of  trees. 
iwd  with  sulphuric  aeid.  lurnin  pnssc* 
to  sum  ;  and  from  lUii>  snear  may  be 
•l.iined  by  Iwlling  it  for  some  hours  in 

lien  piirifi.^d,  iinii'b  rcBenibles  irrapc  or 
•■iv\  siiL'jir.     l!y  tills  prnoess  raira  may 
■  ,'.-iiv<Tt.-d  intoiicnrlT  llieir  own  weight 
'  Ibis  |ir<-iiliiir  >»r.'liiirine  mutter. 
Till-  |-r<pdiKli"ii  of  vinecnr  by  the  de- 
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German  chemist  of  that  time  ;  it  has 
lately  become  a  very  important  branch  of 
man'nfactnre  in  this  countrj'.  Upon  the 
whole,  there  are  very  few  natural  pro- 
ducts equally  important  with  lignia  in 
their  applications  to  the  useful  and  orna- 
mental arts. 

LIGNITE.  Wood  converted  into  a 
kind  of  coal,  by  beiujBp  placed  under 
ground  in  a  damp  nituatiou. 

LIGHT.  The  philosophical  consider- 
ation of  this  impouderuble  element,  a»  it 
used  to  be  termed,  but  more  properly 
now  an  affection  of  the  ether  pervading 
all  sPiice,  does  not  belong  to  a  treatise  on 
the  Useful  Arts.  The  practical  applica- 
tions and  various  kinds  of  artificial  Fights 
are  those  points  only  which  cnn  be  touch- 
ed on.  Under  the  articles  Caudle.  Gas, 
and  Lamps,  the  subject  of  artificial  light 
has  been  alluded  to.  It  is  proper  here 
to  note  a  few  other  forms :  of  these  the 
Drummond  Light  stands  foremost.  This 
light  arises  f^om  exposing  a  globule  or 
pea  of  lime  to  ignition  in  a  blow-pipe, 
consuming  oxygen  and  hydrogen.  It 
resembles  the  focus  of  a  reflector  in  the 
sun,  and  has  already  been  applied  to  the 
microscope  as  a  substitute  lor  the  sun, 
and  by  Lieut.  Drummond  to  the  illumi- 
nation of  light-houses,  instead  of  Argttn<l 
burners.  The  ignition  lasts  from  15  to 
25  minutes,  when  new  globules  arc  in- 
serted. From  a  small  bull,  only  three- 
eighths  of  an  inch  in  diameter,  so  bril- 
liant a  light  is  emitted  tlmt  it  equals  in 
quantity  about  18  Argand  iainj>s,  or  1*J0 
wax-candles  ;  while,  in  intensity  or  in- 
trinsic bnghtness,  it  is  2«»0  times' Hint  of 
an  Arsand  lamp.  Rome  idea  of  its  in- 
tense light  may  be  gained  from  the  fact 
that  when  the  Ordnance  Survey  of  Ire- 
land was  being  made,  it  wns  nccessury 
to  have  a  fixed  point  of  observation, 
which  might  be  seen  at  some  distance. 
This  Hght  was  usmilly  pinced  on  n  hill, 
and  with  the  telescope  its  li^lit  in  the 
day  time  was  discernible  •'^0  miles  otf. 
In  revolving  lights,  such  as  that  ot'Bcnchy 
Head,  England,  there  arc  no  li'sA  than  JV) 
reflectors,  10  on  each  side.  A  siiiL'le  re- 
flector, therefore,  illuminated  by  a  linie-  | 
ball,  for  each  of  these  10  is  26  times  , 
greater  than  that  of  the  30.  Tiiis  mctliod 
was  tried  lately  at  Purfleet,  olFtlie  En-  , 
glish  coast,  in  a  temporary  litrht-hoiise,  ' 
erected  for  the  purpose  of  exj)eriiiients 
by  the  Corporation  of  the  Trinity-hoiisc, 
and  its  superioritv  over  all  the  other  | 
lij/hts  with  which  ft  was  contrasted  wa^*  , 
fully  ascertained  and  acknowledged.  On  ' 
an  evening,  when  there  was  no  moon-  i 

14 


light,  and  the  night  dark,  with  occa- 
sional showers,  the  appearance  of  the 
Purfleet  light,  viewed  from  Blackwall,  a 
distance  of  10  miles,  was  very  splendid. 
Distinct  shadows  were  discernible,  even 
on  a  dark  brick-wall,  though  no  trace  of 
such  shadows  could  be  perceived  when 
the  other  lights,  consisting  of  seven  re- 
flectors, with  Argand  lamps,  and  French 
lenses,  were  directed  on  the  same  spot. 
Another  striking  and  beautiful  encct, 
peculiar  to  this  light,  was  discernible' 
when  the  reflector  was  turned,  so  as  to 
bo  itself  invisible  to  the  spectator ;  a 
long  stream  of  rays  was  hcen  issuing 
from  the  spot  where  the  light  was  placed, 
which  illuminated  the  horizon  to  a  great 
distance.  As  the  reflector  revolved,  this 
immense  luminous  cone  swept  the  hori- 
zon, and  indicated  the  approach  of  the 
light,  long  before  it  coula  itselt  be  seen 
ft-om  the  position  of  the  reflector. 

The  same  balls  have  been  substituted 
for  sunshine,  by  Carey,  of  London,  in 
very  powerful  microscopes,  and  are  con- 
stantly on  exhibition  in  museums.  The 
Drummond  Light  is  well  adapted  for  the 
Magic  Lantern  illustrations. 

GiUard  Lujlit.  —  U.  J.  P.  Gillard,  a 
French  gcntlemaUj  hos  taken  out  a  pa- 
tent in  England,  in  184U,  for  improve- 
ments in  the  production  of  heat  and  liglit 
in  ercneral. 

The  patentee's  invention  consists  in 
certain  apparatus  and  processes  for  pro- 
ducing hydrotjen  gas,  by  the  decompo- 
sition of' water,  and  its  opplication  to 
heat  and  light.  The  means  and  pro- 
cesses by  which  he  obtains  this  gas  are : 
1.  By  the  incandescency  of  iron.  2.  By 
carbon.     8.  By  mat^nesia. 

His  improved  process  for  rendering 
hydro'jen  gas  illuminatintr,  is  by  causing 
a*  small  ,iet  of  livrhted  hydrogen  to  pass 
throuirh  a  burner  (the  holes  verv  small) 
on  a  thin  strip  of  platinum  wire,  the 
threads  being  excessively  fine,  and  of 
grail untcd  section,  proportioned  to  in- 
tensity of  the  pressure  of  the  flame  and 
the  burning  hydrojren, — a  very  powerful 
lijrht  is  thus  produced.  The  platinum 
threads  are  immediately  heated  to  such 
whiteness  that  the  luminous  refulgence 
is  extraordinarily  brilliant.  Besides  y)la- 
tinuin,  other  unalterable  and  unoxidizablo 
nieluls  may  be  employed.  The  wick 
must  be  of  the  shape  necessary  to  agree 
witii  that  of  the  jet  of  hydroircji,— it  may 
be  that  ot*  a  cone,  or  anv  other  fitrure, 
accordini,'  to  the  size  whicfi  the  L'as  takes 
when  it  is  allowed  cirre^s  from  the  burn- 
er; the  wick  must  be  made  more  or  less 
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strong,  according  to  the  greater  or  leas 
intensity  of  the  heat  to  which  it  is  ex- 
posed. The  burner  and  wick  may  be 
modified  in  their  shape, — the  patentee 
does  not  limit  himself  as  regards  the 
strength,  the  lensrth,  or  the  heiglit  of  the 
wick,  provided  tlie  principle  of  his  in- 
vention be  retained. 

The  invention  of  M.  Gillard  has  been 
introduced  into  Manchester  by  Mr.  Kurz, 
whose  chemical  works  are  at  Cornbrook, 
Iluhnc,  EujLrland. 

The  following  is  a  plan  ado^>tcd  in  the 
new  process  : — An  inch  pipe  is  connect- 
ed with  the  steam-boiler  used  in  the 
general  manufacturing  process  carried 
on  at  the  works  ;  and  thence  runs  buck 
to  the  retort  furnace,  passing  underneath 
the  fire  bars,  and  passing  up  tiic  I'ront 
of  the  furnace,  to  the  level  of  llie  lyltoiu 
of  a  common  D  retort,  about  a  f«>ot  inttr- 
ual  diameter.  A  |  iiieh  ^^ipe  ir>  tiioii 
carried  the  whole  length  ot  tlie  interior 
of  the  retort ;  the  undurside  of  the  pipe 
is  perforated  with  three  rows  of  tine  and 
closely-arranged  holes,  those  of  tlie  cen- 
tre row  being  jx-rjieiulicular,  :uul  the 
othere  slanting  outwards,  llie  retort 
having  been  brought  to  a  white  heat,  its 
bottom  being  covered  with  broken  char- 
coal, the  steam  being  admitted,  the  gas 
is  freely  produced.  From  tlie  retort,  tlie 
water  gas  is  parsed  along  throujjch  ordi- 
nary purifiers  (the  same  in  favt  tliat  have 
been  long  used  at  the  work^i,  and  the 
cllVets  are,  that  the  water  retnaiiis  per- 
fectly sweet  aiul  olear,  but  sliL'htly  car- 
bonated, and  the  lime  is  oonvcitrd  into 
chalk.  The  gas  is  not  yet  L'lUt  inlly  used 
in  Mr.  Kurtz's  works  ;  but  in  a  eilhir 
about  L'*3  yards  h-ii;:  and  tiifht  or  Ivn 
broad,  three  <»rdinarv  arLTaod  l)Uriier> 
(with  an  addition,  to  wjiivli  ^\  «•  i^hall  re- 
fer) irive  eon-itlcriil'Iy  more  iiiilit.  <.t'  a 
more  pleasing' eharat'ti-r,  than  uoiild  or- 
dinarily Ix.'  riM|uiri'<l  in  sneli  a  \\\\''v  I'oi- 
mercantile  jiui"|>o>»'>,  or  \\«miM  In-  j'r<'- 
duecd  l>y  a  di'/en  batsuin'_'  liLfh'-^  \\'\\\\ 
ordinarv  gas.  A  ne\v^iia|'fi'  nMiM  he 
read  with  ease,  at  x\  cji-tanr-'  ot"  1''  It.  lo 
4'»  tt.  ])y  the  liirht  tVoin  a  sin'jh'  burner, 
^^ith  a  retketur,  Tlu'  faet  "f  tin-  |c--i- 
Itility  ot'  pr«Mhiciui,'  a  ga.-^  tV'-ni  a  <1»  i<.iii- 
position  of  water  has  hecn  known  ti>  .-ri- 
entitii- men  for  .")'!  or '"lO  ^car^  ;  the  <iur  — 
tion  ha>  been,  how  to  reii'h  r  it  a\ail.ihh' 
f"r  the  jiurjM)»cs  of  illumination.  M. 
(lillard's  invention,  fi.r  this  jiiin.o-,.. 
consi.>ts  ot"  a  small  cinular  k\\\i\-  of  \(  ly 
fine  platina  wire,  workid  in  a  -iniil.ir 
manner  to  the  material  lor  a  l;nu_\  ha.skit. 
Tiiis  .'age  «»f  wire  i**  nttaelitMl  t«.  a  small 


brass  frame,  fitting  ou  to  the  burner,  so 
that  the  lower  edge  of  the  cage  is  brought 
immediately  over,  and  at  a  small  distance 
from  the  perforations  in  the  bunier. 
Without  the  wire-work,  the  g:is  bums 
similar  to  a  large  spirit-lamp,  emitting  a 
great  heat,  but  perfectly  useless  as  a 
means  of  illumination.  .But  insUinlly  ou 
the  addition  being  made,  the  flame  appa- 
rently changes  into  a  column  of  intensely 
white  light  over  the  whole  surface  of  the 
wire-work,  with  a  slight  appearance  of 
an  inner  tiamo  risii^  rather  above  it. 
The  latter,  however,  disappears  wheu  a 
glass  is  added,  and  there  is  then  not  a 
particle  of  smell  or  smoke  emitted.  One 
burner  in  the  counting-house  has  been 
found,  by  a  rough  calculation,  to  con- 
sume trom  1\  to  isi  cubic  feet  of  gas  pr 
hour;  and  with  the  consumption  a  plio- 
tonieter  shows  that  its  lij/ht  is  about  12 
limvs  as  powerful  as  that  given  by  one 
of  tlie  largest  kind  of  composite  candles. 
AVith  regard  to  the  injury  to  the  platina 
wire-frame,  M.  Gillard  s'tates  that  there 
arc  siwiie  at  P«ris  which  have  been  al- 
most continually  used  for  five  years, 
without  having  sulfered  in  the  >liLditest 
tlej/ree  ;  and  his  conviction  is,  that  with 
pure  water  gas,  the  wire  would  remain 
uninjured  for  un  indefinite  period.  It 
'  one  of  the  Y)!atina  frames  be  placed  over 
a  eonnnon  gas  liu'ht,  it  is  very  soon  de- 
^troved  ;  the  frames  used  are  about  li 
in.  diep  and  |  in.m  diameter.  The  heat 
thrown  out  bv  the  gas  is  very  great,  but 
it  is  wholly  devoitl  of  smoke  or  smell ; 
and  on  the  hand  luinnr  held  over  one  ot 
the  flames,  the  sensation  is  rather  that 
produ'H-d  by  steam,  or  hot  vapor,  titan 
the  dr>,  seorehing  feelini.',  caused  by 
<(innnon  gas.  An  e.\j>eriiiient  has  been 
ti"ii«l.  o|"  hurninir  a  larue  jet  inside  a 
slia<h'  on  the  heart h-stone,  and  the  heat 
dilluxd  was  nio>t  pkasant  and  genial, 
tin  \  ll«<t  hiiiiir  i^It  m  every  part  of  the 
room  ahno-t  in^tantlv  on  the  iras  beiniC 
lij-htKl.  A  laii:*'  pan  ot' water  was  nuuio 
to  hoil  hjf  tin-  tlaine  iVoni  this  burner  in 
a  minute  aiul  a  hall";  and  an  intention 
Iia.>  }>((  n  mentioned  of  attaeliing  to  the 
]>ipr  a  lh  \ihic  tuhi'.  and  by  this  means 
ooiliiiLT  wiitur  on  the  break I'a^t,  ti-a,  or 
^npj'cr  tat'!e.  It  is  iiiUMuk-d  by  Mr. 
Kurt/  to  l);.\i-  till-  whole  (.f  his  house 
wariiii  (1  hs  tlu'  i:as,  and  >to\e>  litted  njt 
for  ;,11  riiliiiarN  purpo>r'^  ;  M.  dillard 
>talini.',  pi  >i!i\  iIn  .  a>  the  result  of  ex- 
j'crimciils.  t!;at  lie  can  h\  means  of  his 
L'a^  roa^t  a  t'ow  I  in  tive  minutes,  or  a  kg 
oi' mnHi-ii  in  tit'tein  minuli-s. 

I.IMK.     Tlir  o\i.lc  of  eah'ium.  one  of 
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the  metals  of  the  eartlis.  This  very  nse- 
ful  earth  is  obt^iined  by  exposing  chalk 
and  other  kiuds  of  limestone,  or  carbon- 
ates of  lime,  to  a  red  heat — an  ope  ration 
jfcncrally  conducted  in  kihis  constructed 
for  the  purpose ;  the  carbonic  uoid  is  thus 
expelled,  and  liino,  more  or  less  pure, 
according  to  the  original  q^uality  of  the 
limestone,  remains,  lu  this  state  it  is 
usually  called  quiekiime.  When  sprinkled 
with  water  it  becomes  very  hot,  and 
crumbles  down  into  a  dry  powder,  culled 
fUikrd  lime^  or  hydrate  of  lime.  When 
exposed  for  some  weeks  to  the  air  it  also 
falls  into  powder,  in  consequence  of  the 
absorption  of  moisture,  and  of  a  portion 
of  carbonic  acid ;  so  that,  in  this  case, 
part  of  the  linje  gradually  reverts  to  the 
state  of  carbonate,  and  loses  its  ciiusticity. 
Pure  lime  may  be  obtained  by  heating 
powdered  Carrara  marble  to  whiteness  in 
an  open  crucible.  It  is  white,  very  fusible, 
highly  luminous  when  heated  to  full  red- 
ness, and  of  a  specific  gravity  of  about 
2-3.  It  requires  for  solution  about  ouO 
parts  of  water,  and  is  somewhat  more 
voluble  in  cold  than  in  hot  water.  But, 
weak  as  this  solution  is,  it  acts  powerfully 
alkaline  upon  vegetable  colors,  and  has 
an  acrid  taste ;  hence  the  term  alkaline 
earth  applied  to  lime.  It  absorbs  car- 
bonic acid  by  exposure  to  air,  and  as  cur- 
Ixmate  of  lime  is  insoluble  in  water,  it  be- 
comes milky  in  consequence  5  so  that, 
from  this  property,  lime-water  is  a  useful 
test  of  the  presence  of  carbonic  acid. 
The  nature  of  lime  was  first  demonstrated 
by  Davy  in  1807:  he  showed  that,  like 
the  otlier  alkalies,  it  was  a  metallic  oxide. 
The  metallic  base  of  lime  has  been  teni.ed 
calcium:  its  equivalent  is  20,  and  lime, 
being  a  compound  of  one  atoni  of  cnkium, 
and  one  of  oxygen,  is  represented  by  the 
equivalent  number  28 ;  and  hydrate  of 
lime  by  28  lime  -r-  U  water  =  ;^7.  Tlie 
xaltif  of  lime  are  generailv  obtained  by 
dissolving  «irbonatc  of  lime  in  the  re- 
spective acids:  several  of  tliem  exist 
native.  Sulphate  <//"  lime^  selenite,  or 
gypsum,  is  an  abundant  natural  product, 
and  may  be  formed  artiticially  by  a^kling 
sulphuric  acid,  or  the  soluble  sulphates, 
to  solutions  of  the  salts  of  lime.  It  coii- 
sisU*  of  2s  lime -H4<>  sulphuric  acid,  and 
its  crystals  inchule  two  atoms  =  l>i  of 
water.  When  these  erystaHize«l  siil- 
plintes  of  lime  arc  he»te<l.  tliey  part  with 
their  water  and  fjill  into  a  white  }>owder, 
calletl  jfUii<tir  of  J*ari* ;  when  this  is 
mixed  with  water  it  again  combines  with 
it,   and  concretes  into    a    white     mass : 


hence  its  nse  for  casts,  busts,  &c.  Sul- 
phate of  lime  is  often  contained  in  spring 
water,  which  is  thus  rendered  Afl/t/ aua 
untit  for  washing.  These  waters  become 
turbid  upon  the  addition  of  a  spirituous 
solution  of  soap.  I'hoitphate  ff  lime  is 
found  native^  constituting  the  mineral 
culled  apatite:  this  is  a  sxtliphosphate^ 
composed  of  8  equivalents  of  lime  =84. 
and  2  of  phosphoric  acid  =  72  The  eartk 
of  Itones  IS  also  chiefly  a  similar  phos- 
phate of  lime.  Oxalate  of  lime  is  very 
insoluble,  and  is  precipitated  whenever 
oxalic  acid  or  a  solution  of  oxalate  is 
added  to  solutions  containing  lime ; 
hence  it  is  that  oxalate  of  ammonia  is  so 
valuable  a  test  of  the  presence  of  Hmo, 
and  is  frequently  used  for  the  purpose  ot 
separating  lime  in  analysis.  When  oxa- 
late of  lime  is  well  dried,  at  50U°,  it  is 
anhydrous,  and  consists  of  28  lime  H- 86 
oxalic  acid  =  64  oxalate  of  lime.  This 
substance  is  occasionally  found  in  the 
human  urine,  and  sometimes  forms  cal- 
culi. These  are  often  of  a  reddish  brown 
color  and  a  rouch  exterior,  whence  they 
have  been  termed  mulherrif  calculi. 
When  hydrate  of  lime  is  expiosed  to 
chlorine,  the  gas  is  absorbed,  and  a  chlo- 
ridt  of  lime  is  obtained.  This  article  is 
manufactured  upon  an  extensive  scale, 
under  the  name  of  bleaching  powder.  It 
evolves  chlorine  when  acted  upon  by 
acids  ;  and  gives  it  out  very  slowly  when 
exposed  to  air,  in  conseouence,  probably, 
of  the  absorption  of  carbonic  acid.  It  is 
a  most  useful  disinfecting  material,  and, 
w  hen  dissolved  in  water,  forms  hUaching 
hmiul.  Carld/natc  of  lime  is  thrown  down 
wlien  alkaline  carbonates  are  added  to 
solutions  of  the  salts  of  lime.  It  is  a 
moht  abundant  natural  product,  and  is 
found  i>ure  in  the  varieties  of  calcareous 
spar  and  statuary  marble.  Chalk  and 
se\«Tal  varieties  of  limestone  are  also 
nearly  pure  carbonates  of  lime.  It  is 
easily  di>tiiitrui>hed  from  other  minerals 
by  etb-rvesciiig  in  dilute  murljitic  acid, 
and  by  Melding  (luicklime  when  a  frag- 
ment is  heated  before  the  blowpipe,  it 
is  constituted  of  28  lime  +  22  carbonic 
afid  ;  the  eciuivnlent,  therefore,  of  car- 
bonate of  lime  is  ')0. 

The  uses  of  lime  are  very  numerous. 
Its  mo>t  important  applicalion  is  in  the 
nuMiuraeture  of  mortar  and  other  cements 
UM  d  in  building.  It  is  also  very  exten- 
sively used  in  this  eountPk'  as  a  miinure 
to  fertilize  land,  hut  it  isa  curious  fact 
that  the  use  of  lime  as  a  manure  is  en- 
tirely a  European    j-raetiee,  its  employ 
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ment  in  this  wny  having  been  never  bo 
much  as  dreamed  of  by  the  natives  of 
Asia  or  Africa. 

Native  preparations  of  linu. — 1.  Calc 
Bpar,  in  colorless  crystals,  is  scratched 
by  the  nail.    Spec.  gfav.  2*7. 

2.  Stalactitic,  or  concretionary  carbon- 
ate of  lime,  composed  of  fibrous  baDds, 
undalated  and  panUlcl.  These  are  found 
in  caves  and  vaults,  being  formed  by  the 
dropping  of  water  highly  charged  witli 
limestoDO  and  carbonic  acid.  That 
which  remains  on  the  roof  is  called  stal- 
actiUj  that  which  forms  on  the  jrround  is 
called  tiialagmiU^  or  oriental  alabiiHter : 
its  rings  are  spread  out  of  a  reddish  yel- 
low color,  with  distinct  zones,  and  sus- 
ceptible of  a  line  polish.  This  alabaster 
is  made  into  furniture  ornaments. 

8.  Calcareous  tufa  are  incrustations  of 
carbonate  of  lime  upon  vegetable  remains 
made   by  the    deposition  of  calcareous 

getrifying  rivulets.  It  is  porous,  cellu-  ' 
ir,  soft,  impure,  and  of  a  dirty  gray 
color;  it  is  rough  and  irregular.  The 
incrustations  are  occasionally  so  larjre, 
that  buildinsrs  are  made  of  them.  The 
travcrtino  with  which  the  monuments 
of  KoTne  are  made,  are  deposits  from 
the  Aiiio.    They  harden  in  tne  air.  | 

4.  Compact  limestone  has  an  even 
grain ;  does  not  polish  or  alford  larjife 
blocks — to  this  class  bolonjrs  the  Maar- 
ncsian  limestone,  or  zcchstcin,  in  which 
the  lithojjra])hic  limestone  is  included 
acconliiijf  to  llroirn'mrt. 

/>.  Oolite  or  roe  stone,  found  in  stnull 
grains  of  various  size. 

6.  (Mialk.  Neitlicr  of  tlic'sc  two  varie- 
ties exist  to  any  extent  on  tliis  continent. 

7.  Marly  limestone,  very  common  on 
cImv  slate  lan«l«,  and  in  basin-sliajx'il 
lakes,  and  fresh  water  formations.  This 
crumbles  in  the  air:  it  must  not  be  con- 
fouufled  with  cotnmon  marl. 

H.  Siliceous  limotone,  comj^nct,  scrat- 
ches steel;  leaves  insoluble  silica  when 
acted  on  by  hydrochloric  acid. 

y.  Calp,   fine  jrraincd,   compact,  bard,  ' 
blue-black    in    color;    leaves    nilica    ami 
alumina  when  acted  on  by  acid  ;  found  in 
extensive  bcils. 

Iti.  Bituminous  lime-'tono,  frnnid  near 
the  coal  tbrmations ;  of  a  bbio  color, 
burns  white. 

Of  all  common  limestones  the  ])urlty 
may  >>e  most  rciuiily  (letermiiied  by  the 
uantity  ot"  carbonic  acid  whicli  is  evolved 
urimr  tiieir  solution  in  dihite  nitric  or 
muriatic  acid.     I'ertect  carbonate  otlime 
loses  in  this  way  4tiy"r  ctnf. ;  and  if  any 

^j><r('</it., 
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loses  in  mis  way  -lu  ixr  our. ;  n 
parlieular  limestune  lo>c-6  oulv  *j: 


we  may  infer  that  it  contains  only  one 
half  its  weiifht  of  calcareous  carbonate. 
This  method  is  ecjually  applicable  to 
marUy  which  are  mixtures  in  various  pro- 
portions of  carbonate  of  lime,  clay,  and 
sand,  and  may  all  be  recognized  by  their 
effervescing  with  acids. 

The  chief  use  of  calcareous  stones  is 
for  procuring  quicklime  by  calcination  in 
proper  furnaces  ;  and  they  are  all  adapted 
to  this  purpose  provided  they  are  not 
mixed  with  too  larpc  a  proportion  of  sand 
and  ferruginous  clay,  whereby  they  ac- 
quire a  vitrescent  te.xture  in  a  high  "heat, 
and  will  not  burn  into  lime.  Limestone 
used  to  be  calcined  in  a  verv  rude  kiln, 
formed  by  inclosing  a  cirenfar  space  of 
10  or  16  feet  diameter,  by  rude  stone 
walls  4  or  5  feet  high,  and  iillinff  the  cyl- 
indrical cavity  with  alternate  layers  of 
turf  or  coal  and  limestone  broken  into 
moderate  pieces.  A  bed  of  brushwood 
was  usually  placed  at  the  bottom,  to  facil- 
itate the  kindling  of  the  kiln.  Whenever 
the  combustion  was  fairly  commenced, 
the  top,  piled  into  a  conical  form,  wa.s 
covered  in  with  sods,  to  render  the  calcin- 
ation slow  and  recrular.  This  method  be- 
imr  found  relatively  inconvenient  and  In- 
etrcctual,  was  succeeded  by  a  permanent 
kiln  built  of  stones  or  brickwork,  in  the 
shape  of  a  truncated  cone  with  the  narrow 
end  undennost,  and  closed  at  l>ottoni  by 
an  iron  prate.  Into  this  kiln,  the  fuel  ani 
limestone  were  introduced  at  the  top  in 
alternate  layers,  be<:inninir  of  course  with 
the  fonner;  and  the  charge  was  either  al- 
lowed to  burn  out,  when  the  lin\e  was 
alto<rether  removed  at  a  door  near  the  bot- 
tom, or  the  kiln  was  successively  fed  with 
fresh  materials,  in  alternate  beds,  as  the 
fonner  su|>plv  sunk  down  by  the  calcina- 
tion, while  tlie  thorouk'hly  burnt  lime  at 
the  bottom  was  suecessively  raked  out  by 
a  side  door  immediately  above  the  grate. 
The  interior  of  the  lime  kiln  has  been 
cbanL''ed  of  late  years  froiu  the  eonicid  to 
the  elli])ti'-al  form;  and  ])robably  the  best 
is  that  of  an  ciTiT  plactMl  with  its  narrow 
end  undennost,  and  truncate<l  both  above 
and  below  ;  the  jrround  plot  or  bottom  of 
the  kiln  ])einir  compressed  so  as  to  trive 
an  elliptical  section,  with  an  ti/f  or  draft- 
bole  towards  each  end  of  that  eUij)sc.  A 
kiln  thus  arche<l  in  above  trives  a  rcver- 
bcratofA-  heat  to  the  upi>er  materials,  and 
also  favors  their  fallinLT  down  in  pn>por- 
tion  as  the  fini-hcd  lime  is  raked  out  be- 
low ;  advantaiTes  whicli  the  coniciil  fonn 
tl(H's  not  allbrd.  The  size  of  the  dralt- 
notes  for  extracting  the  quicklime, 
should  ])e  proportionate  to  the  size  of  the 
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kiln,  in  order  to  admit  a  snfflcient  current 
of  air  to  ascend  with  the  smoke  and 
flamef  which  is  found  to  facilitate  the  ex- 
trication of  the  carbonic  acid.  The  kilns 
are  called  perpetual,  because  the  operation 
is  carried  on  continuously  as  lonj^  as  the 
building  lasts ;  and  drato-kilfiSy  from  the 
mode  ot  discharging  them  by  raking  out 
the  lime  into  carts  placed  against  the 
draft-holes.  Three  bushels  of  calcined 
limestone,  or  lime-shells,  are  produced  on 
an  average  for  every  busliel  of  coul«  con- 
sumed. Such  kilns  should  be  built  up  ; 
against  the  face  of  a  ctifif,  so  that  easy  ac-  , 
cess  may  be  gained  to  the  mouth  for  i 
chaining,  by  making  a  sloping  cart  road 
to  the  top  of  the  bank. 

Limestone  may  be  burned  in  the  field 
in  heaps,  with  cool,  where  it  is  quarried, 
or  where  the  lime  is  to  be  used,  80  buj»h- 
els  of  coal  to  100  of  limestone  are  used, 
tlie  two  being  interstrnlifled  for  burning. 
Flues  are  dug  in  the  ground,  and  the 
henps  or  jiiles  may  be  made  of  any  desired 
size  :  their  bases  are  usually  10  to  15  feet 
wide,  and  are  carried  up  in  soinewhut  of 
a  gothic  arch  shape,  to  a  point  or  ridge, 
so  a.s  to  make  the  heieht  about  the  siune 
as  the  base.  The  quantity  of  coal  U}*ed  is 
in  the  proportion  of  about  one  ton  of  coal 
to  lOObuKliels  of  limestone — if  the  coal  is 
fine  and  slntv,  a  somewhat  larger  propor- 
tion is  used.  The  length  of  the  piles  is 
made  to  correspond  with  the  quantity  of 
lime  desired  at  one  time,  say  from  2U  to 
100  feet  in  length.  The  ground  flues, 
which  are  about  12  or  is  inches  square, 
arc  extended  to  about  8  feet  out  on  each 
side,  to  admit  the  wood  which  is  burned 
in  them  to  start  the  fire  and  ignite  the 
conl  in  the  henn,  which  usually  tnkes  4  to 
6  hours,  and  a»K)ut  half  a  cord  dry  wood 
to  lOOO  buKhels  of  coal.  After  the  pile  is 
constructed  it  is  plaf*tcrcd  over  to  within 
about  18  inches  of  the  top  on  each  side, 
with  wet  pUister  mortar  nuule  of  clay ; 
this  covering  is  from  3  to  r»  inelies  thick. 
About  14  feet  of  the  top  heap  is  construct- 
ed of  small  stones  or  stone  chips,  and  is 
left  uncovered  until  the  Arc  is  fully  start- 
ed, then  covered  over  with  dry  dirt  to 
keep  down  a  too  rapid  combustion.  The 
clay  cont  is  put  on  before  firing,  and  is 
kept  plastered  over  close  during  the  buni- 
ing.  The  outside  courses  ot  stone  arc  set 
on  edge  in  an  oblique  manner,  the  direc- 
tion of  their  inclination  being  changed 
each  course,  which  form  a  ziL'Ziig  appctir- 
ance.  The  outside  courses  arc  l»ii«l  with 
care,  taking  stone  of  jihout  the  same  size, 
but  the  interior,  after  the  tir^t  2  or  3 
courses,  is  filled  up  with  stt  le  of  all  sizes, 


to  the  extent  of  80  pounds,  but  each  coat 
of  coarse  stone  is  filled  up  and  levelled 
over  with  small  stone  of  more  uniform 
size — say  as  large  as  the  first,  and  then 
the  course  of  coal  is  strewn  over  the 
smaller  stones  before  another  course  is 
added.  The  first  three  courses  ore  of 
about  a  uniform  size  of  half  a  brick,  and 
covered  with  a  larger  proportion  of  cool 
than  the  courses  higher  up,  the  depth  or 
thickness  of  which  is  progressively  in- 
creased to  15  or  18  inches  in  the  body  of 
the  piles.  As  the  courses  are  made 
thicker,  so  are  stone  used  of  larger  size — 
but  the  coarse  stone  are  to  be  levelled  up 
and  covered  with  smaller  stone  to  receive 
the  strata  of  cool. 

The  ground  fines  arc  covered  with 
stone,  which  are  large  enough  to  reach 
across  and  lap  4  to  6  inches  on  each  side 
of  the  ditch,  or  the  stone  may  be  project- 
ed from  either  side  to  meet  in  the  middle 
of  the  flue — having  sufiHcient  bearing  on 
each  side  of  the  flue  or  ditch  to  keep 
them  from  tilting  into  the  fine  when 
laid.  Over  these  stone,  and  throughout 
the  whole  base  of  the  pile,  is  laid  a  cover- 
ing, say  8  or  4  inches  tniek,  of  dry  wood, 
and  on  this  is  about  2  inches  in  depth  ot 
mineral  coal  spread  over,  then  a  course 
of  limestone,  sav  size  of  half  a  common 
brick.  Coal  and  limestone  are  thus  alter- 
nated for  two  or  three  courses,  then  the 
thickness  of  each  course  is  gnidually  in- 
creased as  we  raise  in  height. 

In  some  places,  where  coal  is  scarce, 
wood  or  peat  is  used,  and  these  are  to  be 
placed  in  layers,  alternate  with  the  lime, 
in  a  conical  or  egg-shaped  form,  covered 
with  clay,  and  5  or  6  yards  in  diameter, 
with  a  funnel  of  dry  brushwood  down 
the  centre,  two  feet  wide.  The  pile  is 
fired  from  the  top  of  tliis  funnel,  which 
will  burn  down  to  the  bottom,  and  set  the 
whole  in  combustion. 

Tlie  best  form  of  the  kiln  is  the  e^g 
shape,  and  wood  is  jireferred  to  coal  in 
the  burning.  A  lime- kiln  should  always 
be  built  hijrh,  and  the  diameter  accord- 
intr  to  the  height.  By  burning  chalk  in  a 
kiln,  good  lime  is  the  re>ult.  After  lime- 
st'^ne  is  burned,  it  is  much  lighter  than 
before,  but  it  recovers  its  weight  in  a 
great  measure  when  exposed  to  the  air, 
as  it  absorbs  carbonic  aci(i  therefrom. 
The  burning  of  lime  is  anv  thing  but  an 
nirrceuble  or  health v  bu?.!m'ss,  but  like 
many  others  it  is  very  u^eful  and  ne- 
cessllr^■. 

Tlierc  is  onethintr  curious  jibout  lime- 
stone, vi/.,  if  it  be  impertcctty  burned  in 
the  first  instance,  ana  the  btone  cooled, 


318 


OYCLOPSDIA   OF  THE    USEFUL   ABT8. 


[UH 


no  Bubeequont  buminsr  will  mako  it  into 
Quicklime.  In  agriculture,  lime  is  a  ^reat 
lertilizer,  by  hastening  the  decorapoMtion 
of  vegetable  matter ;  and  as  all  marl  is  a 
species  of  lime,  it  would  be  the  better  for 
being  burned  before  it  is  used,  if  the  object 
of  adding  be  to  hasten  that  decomposition. 

Quicklime  is  employed  in  a  multitude 
of  preparations  subservient  to  the  arts ; 
for  clarifving  the  juice  of  the  sugar-cane 
and  the  beet-root ;  for  purifying  coal  gas ; 
for  rendering  the  potasn  and  soda  of  cx)m- 
merce  caustic  in  the  soap  manufacture, 
and  in  the  bleaching  of  linen  and  cotton ; 
for  purifying  animal  matters  before  dis- 
sohang  out  their  gelatine ;  for  clearing 
hides  of  their  hair  in  tanneries  ;  for  ex- 
tracting the  pure  volatile  alkali  from  mu- 
riate or  sulphate  of  ammonia  ;  for  ren- 
dering confined  portions  of  air  very  dry ; 
for  stopping  the  leakage  of  stone' reser- 
voirs, when  mixed  with  clay  and  thrown 
into  the  water  ;  for  making  a  powerful 
lute  with  white  of  egg  or  serum  of  blood ; 
for  preparing  a  dejDilutory  pommade  with 
sulphuret  of  arsenic,  «fcc.  Lime  water  is 
used  in  medicine,  and  quiokUnie  is  of 
general  use  in  chemical  researches.  Next 
to  agriculture  the  most  extensive  applica- 
tion of  quicklime  is  to  Mortar-Cememts, 
which  see. 

In  the  employment  of  lime  in  agri- 
culture much  empiricism  has  been  UHed, 
and  ground  has  been  as  much  injured  as 
benefited  by  its  use.  Tiic  majority  of 
cultivated  crops  require  lime,  and  it  i? 
found  in  their  aslics  wlieii  burned  :  hence 
if  the  soil  do  not  contain  lime  tlu'.<e  plants 
cannot  grow.  If  the  soil  be  diticient  in 
lime  or  only  present  in  small  quantity, 
lime  is  serviceable  ;  if  it  be  very  clayey 
lime  is  also  desired.  If  much  vcL^c'tahlc 
matter  be  present  lime  is  neoe^sa^v  to 
make  it  p.nss  throuLrh  the  decompositions 
useful  for  plants  that  is  to  form  carbonio 
acid.  This  is  the  main  use  of  lime  :  if 
there  be  a  small  amount  of  oivanic  matter 
present,  lime  will  be  injurious  and  the 
ground  will  become  j^oorVr  :  the  addition 
of  lime  should  always  be  m  ]>n>]K»rtion 
to  the  quantity  of  ort:anic  matter  ]»re>ent. 
Lime  is  more  used  in  EnL'land  than  on 
this  continent,  and  appears  to  he  more 
rcQuired,  it  oontrihutintr  to  warm  the  soil 
and  force  the  plant,  processes  jurfurmed 
by  a  less  ol)seure<l  sun  hero.  Wheat 
sciircely  jrrows  well  on  En'/lish  lami, 
which  docs  not  contain  2i  per  cent,  of 
lime  as  carbonate,  while  sonic  ol"  the 
richest  land  of  the  Genesee  \"alley  con- 
tains less  than  one-half  i>cr  cent.'  An 
ordinary  dressing  of  caustic  lime  varies 


from  80  to  100  busbeUi.    Maris  may  be 
laid  on  much  heavier. 

LIME,  Hyposulphite  or.  A  salt  now 
used  in  the  refining  of  sugar ;  it  mav  1)0 
prepared  in  the  following  way : — ^Boil  to- 
gether an  excess  of  lime  fuid  sulphur 
with  water  in  any  convenient  vessel  un- 
til the  mixture  assumes  a  deep  red  color, 
and  then  allow  it  to  settle  for  some  time. 
The  clear  solution  contains  a  mixture  of 
hyposulphite  of  lime  and  sulphuret  of 
calcium.  To  this  dear  solution  sulphur- 
ous acid  g:as  (vapors  of  burning  sulphur) 
is  to  be  added  until  the  red  color  aisap- 
pears,  and  no  further  deposit  will  take 
place,  when  considerable  suk)huric  acid  is 
added  when  in  a  cold  state.  The  solution  is 
then  iiltered  and  the  clear  fluid  forms  the 
hyposulphite  of  lime,  and  it  is  used  for 
dciecating  saccharine  matters.  "When 
this  solution  is  used  it  is  mixed  with 
eight  parts  of  water. 

LIIsEN.  A  species  of  doth  woven 
with  the  fibres  of  the  flax  plant  (Linvm 
vsU-atussimum).  The  origin  of  the  manu- 
facture of  linen  is  lost  in  its  antiquity. 
In  the  time  of  Herodotus  linen  was  au 
article  of  export  from  Egypt,  where  it 
liad  been  used  from  time  immemorial ; 
but  it  is  evident  that  in  ancient  times  its 
use  was  limited  to  the  noble  and  the 
rich.  In  modern  times  linen  constitutes  a 
pta])le  manufacture  in  almost  all  European 
countries ;  but  more  especially  in  Ger- 
many, Russia,  Switzerland,  Flanders, 
England,  Scotland,  and  Ireland.  In 
fingland  it  has  been  prosecuted  for  a  very 
long  period;  but  until  of  late  yew's  its 
profrj-ess  has  been  inconsidenible,  com- 
pared at  least  with  that  made  in  other 
hranchcs  of  manufacture.  This  seems  to 
be  partly  owing  to  the  attempts  to  bolster 
up  and  encoura«re  the  manufacture  in  Ire- 
land, partly  to  the  absurd  restrictions  that 
weret(.r  a  lengthened  period  laid  on  the 
imporration  of  foreign  flax  and  hemp, 
and  partly  to  the  rapid  growth  of  the 
cotton  manufacture — fabrics  of  cotton 
haviiirr,  to  a  considerable  extent,  super- 
seded those  of  linen,  ll  is  only  within  the 
last  fit\y  ^cars  that  any  machinenr'  has 
been  used  in  Enirland  in  the  production 
of  linen  eloth,  the  first  mills  for  the  snin- 
ninL'  of  flax  liavinir  been  constructea  at 
l)arlir)<rton  about  iVirtv-ciirht  vears  u^o. 

The  entire  value  of  the  linen  manutac- 
ture  of  (treat  Britain  and  Ireland  is  e>ti- 
niated  at  .i:s.o(io,oiio,  and  tl.e  total  num- 
her  of  I'crsons  employed  in  it  about 
ls."».ooO. 

One  of  the  groat  obstacles  which  has 
stood  in  tlie  wav  of  the  extended  culti- 
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vation  of  Hftx,  ia  the  trouble,  delay,  and 
cjqjcnse  attendant  on  its  steeping,   and 
preparation  for  the  market.    This  has 
been  now  removed  by  an  invention  which 
dispenses  witii  that  process,  and  enables 
the  grower,  at  the  smallest  possible  cost, 
to  send  his  fibre  into  the  markets    By 
this  process,  of  which  Mr.  Doulan  is  the 
inventor,  the  results  are  obtained  by  a 
combination  of  chemical  and  mechanical 
processes,   and  all  expenses    connected 
with  steepinuf   being  avoided,  the  fibre 
may  be  prepared  al  a  cost  considerably 
below  the  present  process,  and  may  be 
made  applicable  for  the  coarsest  nail  bags, 
or  canvas,  or  tor  the  finest  Brussels  lace. 
Not  only  the  expense,  but  the  time  is 
also  less,  which  is  consumed  in  the  pre- 
paration of  the  fibre.   In  the  old  way  this 
occupied  from  10  days  to  3  weeks.    Bv 
the  unstecpod  mode  aa  many  hours  suf- 
fice.    The   fibre  produced   is   also   clean 
and  in  it«  natural  state,  and  its  strentjth 
is  resrular  and  uniform.     These  two  last 
qualities  being  found  to  be  constant  in 
the  unsteejxjd  flax,  has  led  to  adaptation 
of  it  to  cotton  machinery.    The  patentee 
of   the    invention    is    the   Chevalier   P. 
Claussen,  member  of  the  Brazilian  Insti- 
tute, the  inventor  of  the  circular  loom. 
The  patent  granted  is  for  the  [(reparation 
of  flax  in  a  short  staple,  so  as  to  produce 
a  substitute  for  wool  and  cotton,  cajtable 
of  being  spun  on  cotton  ma^'hinery  ;  and 
also  for  the  mixture  of  the  materials  thus 
obtained,  whieh  can  be  earded  to^rt-tjier 
with  silk,  cotton,  or  wool,  or  Hepaiateiy 
as  cotton  for  spinning  into  yarn.     The 
right  is  likewise  secnre<l  for   })n't)aring 
long  fibre   as  a  substitute   for   silk,    for 
bleaching  in  the  preparation  of  materials, 
for  spinning  and  feltniL',  ai.d  also  in  yarns 
and  felts.    Trom  li  ewt.  of  the  tla\  fibre, 
prepared  andclean«'d  upon  the  unsUH|ivd 
procest*,  1  cwt.  ol  a  sul)slan<-e  itUntnal 
with  clean  cotton  can  l»e  proJuci-d  at  a 
cost  of  56  cents  for  materials.     Tiie  eost 
of  manual  or  meehanieal  labor  re(|uircd 
in    the    preparation,    including  the   ex- 
penses of  bleaehint',   un   operation  per- 
formed in  a  few  see«»nd>*,  does  not  amount 
to  more  than  nineteen  twentieths  of  acent 
per   pound.      Tiie   mixture   of  the   two 
substances,  viz.,  wool  with  tiax,  reduced 
to  siiort  staple,  forms  a  labrie  exeiedinirly 
duralile,  while  its  i-ost  mav  be  judi:<'d  l»v 
the  fact,  that  while  wool  costs  one  dollar, 
the  flax  preparc«i  an<l  ready  for  spinniui; 
may  be  had  f«'r  r_'4  cents  y<vr  lb.  ;  so  tliaf 
with  flax  and  wo(»l  spun  toirether  in  c«[ual 
quantities,  the  cost  would  be  reduced  by 
nearly  one  half. 


LINE,  in  decimal  measures  the  10th, 
and  in  duodecimals  the  12th  of  an  inch, 
French  or  English ;  the  French  inch  be- 
ing to  the  English  as  1  to  1*065977. 

LINIMENT  OF  AMMONIA,  is  a 
mixture  of  equal  parts  of  olive-oil  and 
caustic-water  of  ammonia.  It  is  a  useful 
application  for  sore  throats,  rheumatic 
pains,  &c.  A  stronger  liniment  is,  two 
parts  of  olive-oil,  with  one  solution  of 
ammonia. 

Liniment  fyf  camphor^  is  4  olive-oil,  1 
camphor.  "Hie  compound  liniment  ij*,  8 
solution  of  ammonia,  and  8  spirit  of  lav- 
ender distilled,  and  1  camphor  dissolved, 
with  I  tincture  of  opium  added. 

Liniment  for  bums  and  scalds. — Take 
of  borate  of  soda  li  dr.;  rose-water,  2 
drs. ;  lime-water,  2i  oz. ;  oil  of  sweet 
almonds,  8  oz.  Soak  lint  in  this  mix- 
ture, and  api»ly  to  the  affected  parts. 
Turpentine  is  also  a  good  liniment,  or 
anv  spirits. 

Liking,  in  architecture,  any  cover- 
ing of  an  interior  surface.  The  linings, 
for  instance,  or  boxings  of  window  shut- 
ters, are  the  pieces  forming  the  backs  of 
the  recesses  into  which  the  shutters  are 
folded.  In  doorways,  they  are  the  facings 
on  each  side  the  aj^erture:  to  sashes, 
they  arc  the  vertical  pieces  parallel  with 
the  surface  of  the  walls. 

LINSEED  contains,  in  its  dry  state, 
ll-2<;5  of  oil;  0'14t>  of  wax;  2-4S8  of  a 
soil  resin  ;  0'550  of  a  coloring  resinous 
matter;  01»*j».)  of  a  yellowish  substance 
analogous  to  tanniti ;  6-154  of  gum  ;  15-12 
of  vegetable  niu(-ilage;  1*4S  of  starch; 
2.S'.".2  Of  gluten;  2'782  of  albumine  ; 
10><>^4  of  saccharine  extractive  ;  44-882  of 
envelopes,  includitig  some  vegetable 
mueilaire.  It  contains  also  free  acetic 
acid;  some  acetate,  sulphate,  and  muri- 
ate of  pota.'^h,  j)iiosphate  ond  sulphate  of 
lime;  ])hospliale  of  magnesia;  and  silica. 

LIN TKL.  In  architecture,  an  horizon- 
tal piece  of  tind)cr  or  stone,  over  a  door, 
window,  or  other  openin*;,  to  discharge 
the  >uperincumbent  wcijirht. 

Lll'-SAIAE  {vhtU).  Melt  together 
equal  weights  of  white  wax,  white  sugar- 
candy,  sjH.-rmaeeti,  and  olive-oil. 

Or  (nd).  Melt  together  4  oz.  of  white 
wax,  5  oz.  of  olive-oil,  4  drs.  of  sperina- 
ctUi,  and  add  2<>  drops  of  oil  ot'  lavender, 
and  2  oz.  of  alkaiict  root.  (f/\  2  oz.  of 
best'  olive-oil,  '}  oz.  of  sj»ermaceti  and  of 
white  wax,  with  4  drs.  of  alkaiiet  root; 
melt,  strain,  and  add  8  dr<»j)s  of  oil  of 
rhodium  wood.  <>/•,  melt  toirether  2  oz. 
of  white  wax,  U  oz.  of  sj)crmaceti,  and  6 
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oz.  of  oil  of  almouds,  and  odd  1  oz.  of 
ftlkanct  root,  aud  2  drs.  of  balsam  of  Peru. 

LIQUATION  is  the  process  of  sweat- 
ing oat,  by  a  regulated  heiit,  from  an 
iJloy,  an  easily  fusible  metal  from  the  in- 
terstices of  a  metal  difficult  of  fusion. 
Lead  and  antimony  are  the  metals  most 
commonly  subjected  to  liquation;  the 
former  for  tlie  purpose  of  carrying  off  by 
a  superior  affinity  the  silver  present  in 
any  complex  alloy,  a  subject  discussed 
under  Silver. 

i  LIQUID  AMBER  is  the  produce  of 
the  liquid-amber  stvraciflora,  a  tree  which 
grows  in  Mexico,  Virginia,  and  Louisiana. 
Occasionally  it  is  of  an  oily  consistence, 
at  other  times  thick  like  turpentine.  It  is 
translucent,  yellow,  of  a  pleasant  odor,  and 
aromatic  flavor,  somewnat  pungent.  It 
dissolves  almost  in  boiling  alcohol.  It 
contains  much  Benzoic  acid,  which  ex- 
udes when  the  fluid  hardens  bv  keeping. 

LIQUEURS,  LIQUORISTE;  names 
given  by  the  French    to  liquors  com- 

Sounded  of  alcohol,  water,   suirar,   and 
ifferent  aromatic  substances  ;  arjd  to  the 
person  who  compounds  them.   There  are 

?^iven  here,  on  Dr.  Ure's  authority,  a 
iew  of  their  most  approved  recifies. 

Infui'wih  of  the  pctU  of  fruita. — The 
outer  skin,  pared  otf  with  a  sharp  knife, 
is  to  be  dropped  into  a  hard  ghizcd  jar, 
containing  alcohol  of  34°  B.,  diluted 
with  half  Its  bulk  of  water,  and  the  whole 
is  to  be  transferred  into  well -corked  car- 
boys. After  an  infusion  of  six  weeks, 
with  occasional  ntritulion,  the  arotnsitized 
spirit  is  to  be  cli'^tilled  otf.  In  this  way 
are  prepared  the  rKjiiors  of  cednit, 
lemons,  orunjres,  Utiutt'S  (u  sort  of  swoet 
lemon),  ponclns  (the  large  citron),  bor- 
gamots  <feo., 

Infm'nm  <f  aromatic,  tteeih. — These  must 
be  pounded,  put  into  a  carboVj  alon^r 
with  ak'ohol  <lilnted  im  above,  infused 
with  aifitation  for  bix  weeks,  and  then 
distilled. 

Infuxionn  (f  arojfuific  tCfMkln  are  made 
in  the  >ame  way. 

The  liquori>.t  should  not  brinu' his  in- 
fusions and  tinetures  into  rlic  market  till 
six  months  atter  their  (list illation. 

Liqueurs  have  ditfeivnt  titles,  accord- 
ing to  their  mode  of  fai^rication. 

Thus  icntrrn  are  liquors  oppnrently 
devoid  of  visciditv  ;  erf  rm-i  and  oiL'i  pos- 
sess it  in  a  hiirli  decree. 

Water  of  Ctdrat  is  made  bv  dissolving 
six  pounds  of  suirar  in  seven  (pi;trts  of 
water;  addins?  two  (piart-*  of  siiril  of' 
Cfidrat,  and  one  of  spirit  of*  ritrn'i.  Boil 
the  whole  for  a  minute,   and   lilier   h<»t 


through  a  proper  ba^.  Set  it  for  a  con- 
siderable tunc  aside  in  a  corked  carboyi 
before  it  be  bottled. 

OH  or  cream  of  oedrat. — ^Take  eight 
quarts  of  river  water,  two  of  spirit  of 
oedrat,  one  of  spirit  of  citron,  and  as 
much  rich  simp  as  is  necessary  to  ^ve 
the  mixture  an  oily  consistence.  Stir  it 
well  and  set  it  aside  in  oarboys.  Bhoold 
it  be  at  all  clouded,  it  most  be  filtered 
till  it  be  perfectly  pellucid. 

Balm  of  Molucaiy  is  made  by  infhsing 
for  ten  days,  in  a  carboy  capable  of  hol<^ 
ing  fully  four  gallons,  10  pounds  of  spirits 
of  18°  *B.,  4  pounds  of  white  sugar,  4 
pounds  of  river  water,  4  drachms  of 
pounded  cloves,  and  48  grains  of  pounded 
mace.  The  mixture  is  to  be  shaken  8  or  4 
times  daily,  colored  with  caramel  (burnt 
sugar),  filtered  at  the  end  of  ten  days, 
and  set  aside  in  bottles. 

Tefir»  of  the  widow  of  Mtilabar^  are  com- 
pounded with  the  preceding  quantity  of 
spirits,  sugar,  and  water,  adding  4 
drachms  of  ground  cinnamon,  48  gnuns 
of  cloves,  and  a  like  quantity  of  mace, 
both  in  powder.  It  may  be  slightly  col- 
ore<l  with  caramel. 

T/if  dAi^jht  of  the  Mandarins.— l^V^ 
spirit,  sugar,  and  water,  \\&  abovcj  adding 
4  drachms  of  anisum  Chin<v.  (Gin^i\  as 
much  arnltrittf  (seeds  of  the  hibiscus  ahel- 
vionrhnff^  Lin.)^  all  in  powder;  2  drachms 
of  snfliower. 

The  siijhtt  of  love. — ^Take  spirits,  water, 
and  suirar,  as  above.  Perfume  with 
essence  (otto)  of  roses  ;  give  a  very  pale 
pink  hue  with  tincture  of  cochineal,  niter 
and  bottle  up. 

Citfur  tU  iiuirarons. — Add  to  the  spirit, 
suL'ar,  ajid  water,  as  above,  half  a  pound 
of  hitter  almonds,  blanched  an<l  pounded; 
cloves,  ciiwiamon,  and  mace  in  powder, 
of  e.tcli  i^  irrains.  A  violet  tint  is  given 
by  the  tinctures  of  turnsole  and  coehmeal. 

Cfirticim. — Put  into  alarifc  bottle  nearly 
full  of  alcohol  of  trtiit4->fi^  (;U°  Bnumt'), 
the  peels  of  six  smooth  PortUiral  orantrcs, 
(Seville  i )  anl  let  them  infuse  for  15  dny^  '^ 
then  put  into  a  caibov  10  pounds  of 
spirits  of  1^^  B.,4  ])onn»ls  of  white  sutfnr, 
and  4  pounds  of  river  water.  Wlien  the 
suLfar  IS  dissolved,  add  a  sutiicient  quan- 
tity of  the  oranjre  zmt^A  to  ^ive  flavor, 
then  spice  tlie  whole  with  48  prains  of 
cinnamon,  and  as  mucli  mace,  both  m 
powder.  Lastly  introduce  an  ounce  of 
LTound  Hra/il  wood,  j;nd  infuse  during  1'^ 
diiys.  jiLritatintr  -J  or  4  ti?nes  daily.  A 
jin'tty  deep  hue  ou^rht  to  be  given  with 
c.irumel. 

LlQl  ()\i\VY..—Gli/i'yrrhiza  (/lahra.xho 
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plant  which  produces  the  liqnorice  of  the 
sbopSf  is  oultivatp-d  in  England  for  the 
use  of  brewers  and  distillers,  bat  liquor- 
ice is  manufactured  firom  it  only  in  Sicily 
and  Spain.  It  grows  naturallv  near  Pon- 
tefract  and  Languedoc,  in  all  the  Medi- 
terranean countries,  and  in  such  abund- 
ance in  Sicilv  that  it  is  considered  a  great 
scourge  to  tne  cultivator.  Its  roots  pene- 
trate to  a  groat  depth,  and  the  deeper  the 
ground  is  opened,  with  a  view  to  eradi- 
cate them,  so  much  the  more  vigorous  is 
the  succeeding  crop.  The  juice  is  ex- 
pressed from  the  roots,  in  Jthe  same  way 
as  oil  is  from  olives;  they  are  first  wash- 
ed perfectly  elcan^  then  crushed  in  an 
olive  mill,  llien  boiled  four  or  five  hours, 
pressed  in  the  olive-press,  and  the  juice 
slowly  boiled,  and  evaporated  in  an  iron 
vessel. 

LITHARGE,  is  the  crystals  of  melted 
lead  left  to  cool,  and  is  fonned  also  in  the 
refinement  of  silver.  It  removes  acidity 
in  wines,  but  renders  them  highly  jier- 
nicions,  and  the  U!»e  of  it  is  deei»ly  crim- 
inal.    It  is  a  fused  protoxide  of  lead. 

LITHIA,  a  rare  nlkali,  discovered  hy 
Arfwedson  in  a  mineral  ciUled  p*'Uilite. 
It  is  also  found  in  spodnmcnc,  nnd  a  few 
other  minemis.  It  is  known  from  potash 
and  soda  by  its  carbonate  being  diftioultly 
soluble — from  baryta,  Ptroutia,  and  lime, 
by  the  solubility  of  the  Hulphateand  oxa- 
late, and  from  mnjjncsia  by  its  carbonate 
having  alkaline  pnjpertics.  It  is  the  oxide 
of  the  metal  lithium;  its  equivalent  is  10, 
and  that  of  the  oxide  1*^. 

LITIIIC,  or  UrU'  acini,  one  of  the  con- 
stituents of  urine  :  in  that  of  the  serpent 
species  it  is  found  in  great  abundance. 
It  exists  largely  also  in  t^iiano,  united 
with  ammonia.  Ocoasionally  it  is  formed 
in  excess  in  tlie  svsteni,  and  is  thrown 
off  by  the  kidneys  undissolved,  forming 
the  uric  acid  calculus. 

LITIIIU.M,  is  n  wliitc  alkaline  nutal, 
lighter  than  potassium,  and  its  oxide  is 
the  alkali  called  Lithia. 

LITHOGKAPHY,  is  the  art  of  throw- 
ing otf  impressions,  upon  paper,  of  tlir- 
nres  and  writing  previously  traced  uj.on 
stone.  It  hius  bcfii  partly  treated  of  un- 
der the  head  "  en^'ravinir."  The  pro- 
cesses of  this  srt  aie  founded: — 

1.  Upon  the  adhesion  to  a  smoothly-po- 
lished lirncstone  of  an  encaustic  fat  winch 
forms  the  lines  or  traces. 

2.  Ui>on  the  jiowcr,  acquired  by  the 
parts  penetrated  bv  this  encaustic,  of  at- 
troctinp  to  themselves,  and  hecomiiii:  co- 
vered with  a  printer's  ink,  having  linseed 
oil  for  its  b:isis. 

U* 


8.  Upon  the  interposition  of  a  film  of 
water,  which  prevents  the  adhesion  of 
the  ink  in  all  the  parts  of  the  surface  of 
the  stone  not  impregnated  with  the  en- 
caustic. 

4.  Lastly,  upon  a  pressure  applied  by 
the  stone,  suen  as  to  transfer  to  paper  the 
greater  part  of  the  ink  which  covers  the 
greasy  tracings  of  the  encaustic. 

The  lithographic  stones  of  the  best 
quality  are  still  procured  from  the  quarry 
ot  Sofenhofen,  a  village  at  no  great  dis- 
tance from  Munich,  where  this  mode  of 
printing  had  its  birth.  They  resemble  in 
their  aspect  the  yellowish  white  lias  of 
Bath,  but  their  ffeological  place  is  much 
higher  than  the  lias.  Abundant  quarries 
of  these  fine-grained  limestones  occur  in 
the  county  of  Pappenheim,  along  the 
banks  of  the  Danuoe,  presenting  slabs  of 
every  required  degree  of  thickness,  part- 
ed by  regular  seams,  and  ready  lor  remo- 
val with  very  little  violence.  The  good 
auality  of  a  lithographic  stone  is  generally 
enotcd  by  the  following  characters :  its 
hue  is  of  a  yellowish  gray,  and  uniform 
throughout ;  it  is  free  from  veins,  fibres, 
and  spots ;  a  steel  point  makes  an  im- 
pression on  it  with  difficulty ;  and  the 
sjOinters  broken  otf  from  it  by  the  ham- 
mer display  a  eonehoidal  fracture.  A 
new  lociuity  affording  fine  stone  is  at  Bel- 
beze,  Haute  Garonne,  in  French  Pyrenees : 
they  are  found  in  the  chalk  formation, 
which  is  a  peculiarity.  This  Continent 
does  not  ns  yet  appear  to  contain  any  li- 
tli(tpra]>hie  stone  ot  good  quality. 

The  Munich  stones  are  retailed  on  the 
spot  in  slabs  or  layers  of  equal  thickness ; 
they  are  quarried  with  the  aid  of  a  saw, 
so  as  to  sacrifice  as  little  as  possible  of 
the  irre«:nlar  edges  of  the  rectangular  ta- 
bles or  plates.  One  of  the  broad  faces  is 
then  dressed  and  coarsely  smoothed. 
The  thickness  of  these  stones  is  nearly 
proportional  to  their  other  dimensions; 
and  varies  from  an  inch  and  two-thirds 
to  3  inches. 

In  each  lithofjrajdiic  estalilishment,  the 
stones  receive  their  finishing,  drcssini?, 
and  p(»lisliiiig  ;  which  are  T>erfonned  like 
the  grintlin<:  and  poli>hing  of  mirror 
plate.  The  work  is  done  by  hand,  by 
rnl»l)ing  circularly  a  movable  slab  over 
another  cemented  in  a  horizontal  position, 
with  fine  silled  sand  and  water  interpos- 
ed between  the  two.  The  st_\le  of  w/k 
that  the  stouc  is  intended  to  pr<vluee  de- 
termines the  kind  of  jxtlish  that  it  should 
t'et.  For  crayon  drawiiii:  the  ^toiie  should 
]ti'  merely  u'raiiud  ni<  re  <'r  lc*-s  Jtfif,  ac- 
cording to  the  fancy  of  the  draught.'^man. 
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The  higher  the  finish  of  the  narfaoc,  the 
softer  arc  the  drawinisrs ;  but  the  printing 
process  becomes  sooner  pasty^  and  a 
smaller  number  of  impressions  can  be 
taken.  \Vnrk«  in  ink  require  the  stone  to 
be  more  softened  down,  and  finally  po- 
lished with  pumice  and  a  little  water. 
The  stones  thus  prepared  are  packed  for 
use  with  white  paper  interposed  between 
their  faces. 

Lithographic  crayons. — Fine  litho/^ra- 
pliic  prints  cannot  be  obUiined  unless  tlie 
crayous  possess  every  requisite  quality. 
The  injrredicuts  composinij  ihcin  oiitjht 
to  be  of  such  a  nature  jus  toa<lhere»tron^- 
ly  to  the  stone,  both  after  the  drawing 
has  undergone  the  preparation  of  the 
acid,  and  during  the  press-work.  Thoy 
should  be  hard  cnouirii  to  adniii  of  a  tine 
point,  and  trace  delicate  lines  without 
risk  of  breaking.  The  following  compo- 
sition has  been  successfully  employed  for 
crayons  by  M  M.  Bernard  and  Delarue, 
at  l^aris  :— 

Pare  wax,  (fir^t  quality) 4 

Dry  white  tallow  i^oap" 2 

White  tallow 2 

Gum  lac 2 

J^iiiip  black,  enouzh  to  irivo  a  dark  tint  .  .1 
Occasioually  coi>al  varnish 1 

A  simpler  ink  is  as  follows:  AVhite 
soap  6  piirts,  white  wax  ^  j^arts,  lamp 
black  1  part,  well  fused  togc'ther. 

Lithooraphie  ink  is  prepared  in  nearly 
the  same  way,  viz.:  wax  U)  parts,  tallow 
6  parts,  hard  soap  fi  parts,  shellac  1  "J  parts, 
niiu'*tic  8  parts,  V  enicc  turpeuliuc  1  i»nrt, 
lamp  blaek  4  parts.  These  arc  to  ho 
ground  Jind  heate<l  tnrfctlier  carefully. 

The  use  ot  ii>ito<jr(tfih'n-  juipir  is  an   im- 

f)rovenie!it  in  litlioi:raj»liy,  jis  it  ahridues 
ahor  and  does  away  with  the  necessity  of 
nuikinL*"  the  drawiiii.'  oji  the  stone  revers- 
Ctl.  The  (Irawinir  is  iiunle  on  this  paper 
and  then  transt'erreil  to  the  stone.  The 
ink  for  this  |iurj>'>se  nnist  l>e  fatter  than 
that  intendeil  tor  the  sti-ne,  and  may  be 
made  of  wliite  soup  and  white  wax  of 
eaeh  10  parts,  inutlon  >uet  and  lain].  l.Ia<k 
of  e:i''h  o  parts,  shellae  and  nia>tie  of  eaeh 
r>  |):irts.  rhe«-e  are  to  be  nielted  and  Weil 
ineorjiorated  tog.'ther. 

Lithnoniphir  ixtp.  r. — T/iv  on  the  paj'er, 
3  sncee*isive  eoat^  of  -.lifeji-ffct  jtHy,  1 
layer  of  white  stareh,  1  layer  oi"  ..fainboj-i-. 
The  first  layer  is  a)tj>lifd  with  a  sj.on.re 
dipped  in  the  sohiticni  of  tlie  hot  jelly. 
very  equally  o\er  the  wliole  suifaec,  but  ' 
thin;  and  it'tiu-  leal' be  stretelied  tipon  ^ 
Cord,  the  i:<latine  will  be  more  nnifoini. 
The  next  two  eoats  are  to  be  laid  on.  un- 
til eaeh  is   drv.     The   la\er  of  stareh  is 


then  to  be  applied  with  a  aponge,  and  it 
will  also  be  very  thin  ana  equal.  The 
ooat  of  gamboge  is  lastly  to  be  applied  iu 
the  same  way.  When  the  paper  is  dry, 
it  must  be  smoothe<i  by  pa.ssmg  it  through 
the  lithographic  press;  and  the  more  po- 
lished it  is,  the  better  does  it  take  on  the 
ink  in  tine  lines. 

Transfer. — When  the  paper  is  moisten- 
ed, the  transfer  of  the  iiiK  from  the  gam- 
boge is  perfect  and  infallible.  The  starch 
senarates  from  the  gelatine,  and  if,  after 
taking  the  paper  off  the  stone,  we  place 
it  on  a  white  slab  of  stone,  and  }x>ur  hot 
water  over  it,  it  will  resume  its  primitive 
state. 

The  coat  of  gamboge  ought  to  be  laid 
on  the  same  day  it  is  dissolved,  as  by 
keeping  it  becomes  of  an  oily  nature;  in 
this  state  it  docs  not  obstruct  the  transfer, 
but  it  gives  a  gloss  to  the  paper  which 
renders  the  drawing  or  tracinur  more  dif- 
ficult, especially  to  persons  little  habitu- 
ated to  lithotrraphy. 

The  starch-paste  can  be.  employed  only 
wlicn  cold,  the  day  after  it  is  made,  ani 
after  having  the  skin  removed  from  ita 
surface. 

A  leaf  of  such  lithocrraphic  paj)cr  may 
be  made  in  two  minutes. 

In  transferring  a  writing,  an  ink  draw- 
ing, or  a  lithographic  crayon,  even  the 
impression  of  a  copper-plate,  to  the  stone, 
it  is  neee>sary,  1,  tliat  the  impression  be 
made  upon  a  thin  and  slender  body  like 
common  paper;  2,  that  they  may  be  de- 
tached and  fixed  totally  on  the  st(»nc  by 
means  of  pressure  ;  but  as  the  ink  of  a 
drawinsr  sinks  to  a  certain  depth  in  paper, 
and  adheres  pretty  strontrly,  it  would  l>e 
dilheult  to  detach  all  its  parts,  were  there 
not  previouslv  put  between  the  paper  and 
the  traces,  a  (hmIv  capable  of  being  sejia- 
rateil  t'roiii  the  pa])er,  and  of  losing  its  ad- 
hesion to  it  by  means  of  the  water  with 
which  it  is  danq»ed.  In  order  to  produce 
this  etVeet,  the  jiapcr  gets  a  certain  pre- 
]>aration,  which  consists  in  coating  it  over 
with  a  kind  of  [»aste  ready  to  receive 
every  <lelin,-ation  witln'Ut  snfferinir  it  to 
[.(■net late  int'>  the  paper.  There  are  dif- 
i'ercnt  niode-^  of  coinniuni<-ating  this  pro- 
perty to  paper.  l»e>ides  the  above,  the 
t'l'lhtwiiiL'  may  be  tried  :  Take  an  unsized 
j»aper.  raliier  >lronir,  and  cover  it  with  a 
\anii>h  coinj'osed  of:  — 

Starch   12<»  p.irts 

(J mil  arable 4o   — 

Aliiiu 20  — 

A  ]'a>te  of  moderate  consistent  must 
be  made  with  the  starch  and  some  water, 
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with  the  aid  of  heat,  into  which  the  gnm 
and  alum  are  to  be  thrown,  each  previ- 
ously dissolved  in  separate  vessels. 
"When  the  whole  is  well  mixed,  it  is  to  be 
applied,  still  hot,  on  the  leaves  of  paper, 
with  a  flat  smooth  brush,  A  tint  of  yel- 
low color  may  be  given  to  the  varnish, 
with  a  decoction  of  the  berries  of  Avig- 
non, commonly  called  French  berries  by 
our  dyers.  Tne  paper  is  to  be  dried,  and 
smoothed  by  passing  under  the  scraper 
of  the  lithographic  press. 

Steel  pens  are  employed  for  writing  and 
drawing  with  ink  on  the  lithographic 
atones. 

LITHOMARGE.  Stone  marrow,  a 
variety  of  talc  of  various  colors,  and  ge- 
nerally associated  with  magnesian  mine- 
rals. 

LITMUS  is  prepared  in  Holland  from 
the  species  of  lichen  called  Lecanora  iar- 
tareay  Roc-eUa  tartarea,  by  a  process  which 
has  been  kept  secret,  but  which  is  un- 
doubtedly analogous  to  that  for  making 
archil  and  cudbear.  The  ground  lichens 
are  first  treated  with  urine  containing  a 
little  potash,  and  allowed  to  ferment, 
whereby  they  produce  a  purple  red ;  the 
colored  liquor,  treated  with  (quicklime 
and  some  more  urine,  is  set  again  to  fer- 
ment during  two  or  three  weeks,  then  it 
is  mixeil  with  chalk  or  gypsum  into  a 
paste,  which  is  formed  into  small  cubical 

Eieces,  and  dried  in  the  shade.  Litmus 
as  a  violet-blue  color,  is  easy  to  pulver- 
ize, is  partially  soluble  in  water  ana  dilute 
alcohol  leaving  a  residuum  consisting  of 
carbonate  of  lime,  of  clny,  silica,  gvpsum, 
and  oxvde  of  iron  combined  with  tlie  dye. 
The  color  of  litmus  is  not  altered  by  al- 
kalies, but  is  reddened  by  acids  ;  and  is, 
therefore,  used  in  chemistry  as  a  dclieute 
test  of  acidity,  either  in  the  state  of  solu- 
tion or  of  unsized  paper  stained  with  it. 
It  is  employed  to  dye  marble  blue. 

LIXIVIATION  signifies  the  abstrac- 
tion by  water  of  the  soluble  alkaline  or 
saline  matters  present  in  an  earthy  ad- 
mixture ;  as  from  that  of  quicklime  and 
potashes  to  make  potash  ley,  from  that  of 
effloresced  alum  scliiat  to  make  aluminous 
liquors,  &c. 

LOADSTONE,  MAGNETIC  IRON- 
STONE. An  iron  ore  connisting  of  the 
protoxvde  and  peroxyde  of  iron  in  a  state 
of  combination. 

LOAM,  contains  87  of  sand  a.s  fine  as 
meal,  and  13  of  clay,  according  to  the  an- 
alysis of  Kirwan. 

It  is  a  natural  mixture  of  clay  and  sand. 
The  colored  clays  and  loams  participate 
of  iron ;  hence,  many  of  these  melt  in  a 


strong  fire,  without  any  actditioQ;  both 
clay  itself,  and  mixtures  of  it  with  crys- 
talline earths,  being  brought  into  fusion 
b^  ferruginous  oxides,  though  the  fusible 
mixtures  of  clay  and  calcareous  earths  are, 
by  the  same  ingredient,  prevented  from 
melting.  The  oricks  made  from  some 
loams,  are,  when  moderately  burnt,  re- 
markably free,  so  as  to  bo  easily  rubbed 
smooth,  cut,  sawed,  grooved,  &c.  Hence 
their  use  in  building  furnaces,  <&;c. 

LOCK,  in  Internal  Navigation,  is  a 
part  of  a  canal  included  between  two 
floodgates,  by  means  of  whicli  a  vessel  is 
transferred  from  a  higher  to  a  lower  level, 
or  from  a  lower  to  a  higher. 

On  the  Monkland  Canal,  at  Blaokhill 
Locks  (Scotland),  the  waste  of  water, 
time,  and  labor,  have  been  obviated  bv 
the  substitution  of  a  steep  incline,  with 
rails  and  water  tight-cradles.  The  boat 
is  floated  into  one  of  the  latter,  when  it 
is  drawn  up  by  a  wire  rope  worked  with 
drums,  by  the  power  of  a  steam  engine 
aided  by  the  descending  cradle  fllied  with 
water.  In  flve  minutes  a  boat  is  hoisted 
up  the  incline,  numbering  eight  large 
locks,  at  very  little  expense,  and  with  the 
waste  of  no  more  water  tlian  that  dis- 
placed by  each  boat  when  floated  into  its 
cradle.  The  engineer  is  a  Mr.  Leslie,  of 
Edinburgh,  wlio  has  adopted  this  plan 
from  American  practice. 

LOCK.  An  instrument  composed  of 
springs  and  bolts,  used  to  fasten  doors, 
drawers,  chests,  &c.  It  is  an  improve- 
ment on  the  primitive  latch  or  bolt,  with 
a  crooked  stick  or  instrument,  to  turn  it 
through  a  hole  on  the  outside.  Obsta- 
cles are  opposed  inside,  and  then  the  ac- 
commodating the  key  to  pass  them,  con- 
stitutes its  wards,  the  object  being  merely 
to  turn  and  untum  a  bolt,  now  called 
locking  and  unlocking.  On  the  number 
and  complication  of  the  obstacles  in  car- 
riyng  the  key  to  the  bolt,  so  as  to  turn  it, 
dei)eiidB  the  perfection  of  the  lock.  The 
spring-lock  consists  of  the  main  plate, 
the  cover-plate,  and  the  pin-hole.  In, 
and  on  the  main  plate,  is  the  key-hole, 
the  top-hook,  the  cross-wards,  the  bolt- 
knob,  the  tumbler  and  its  pin,  and  the 
staples.  To  the  cover-plate  is  affixed  the 
main,  cross,  and  step- wards,  and  the 
pin.  With  the  pin-hole  are  connected 
the  hook,  cross,  and  bow-wards,  and  the 
bit. 

A  good  lock  is  the  master-piece  in 
smither)',  and  requires  much  art  and  deli- 
cacy in  contriving  and  varjingthe  words, 
springs,  bolts,  and  other*  parts  whereof 
it  is  composed,  so  as  to  adjust  them  to 
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the  plates  where  they  ore  serviceable,  and 
to  the  various  occasions  of  their  ase.    The 
stracture  of  locks  is  so  varied,  and  the 
number  of  inventions  of  different  sorts 
80  extended,  that  we  cannot  attempt  to 
enumerate,  them.    Those  placed  on  outer 
doors  are  called  stock  locks,  those  on 
chamber  door  spring  locks,  and  such  as 
are  hidden  in  the  thickness  of  the  doors 
to  which  they  are  applied  are  called  mor- 
tise locks.    The  padlock  is  too  well  known 
to  need  description.    We  here  add  the 
conditions  which,  to  Mr.  Nicholson,  ap- 
pear necessary  in  a  lock  of  the  most  per- 
fect kind  :  1.  That  certain  parts  of  the 
lock  should  be  variable  in  position  through 
a  great  number  of  combinations,  one  only 
of  which  sliall  allow  the  lock  to  be  opened 
or  shut.  2.  That  this  last  mentioned  com- 
bination should  bo  variable  at  the  plcivs- 
ure  of  the  possessor.    8.  That  it  snould 
not  be  posaible,  after  the  lock  is  closed  and 
the  combination  disturbed,  for  any  one, 
not  even  the  maker  of  the  lock,  to  dis- 
cover, by  any  examination,  what  may  be 
the  proper  situations  of  the  parts  required 
to  open  the  lock.    4.  That  trials  of  this 
kind  shall  not  be  capable  of  injuring  the 
works.    5.  That  it  shall  require  no  key  ; 
6.  And  be  as  easily  opened  m  the  dark'as 
in  the  light.    7.  l*hat  the  opening?  and 
shutting  should  be  done  by  a  process  tus 
simple  as  that  of  a  comuion  lock.    8. 
That  it  should  open  without  a  key,  or 
with  one,  at  pleasure.     9.  That  the  key- 
hole be  concealed,  defended,  or  inaccessi- 
ble.    10.  That  they  may   be   use<l  by  a 
stranger,   without  his  knowing  or  holng 
able  to  discover  the  adopted  conibi nation. 
11.  That   the  key  be  capable  ol'  tulfnst- 
ment  to   all  the    variations  of  the  look, 
and  yet  bo  simple.     I'J.  That  the   look 
should  not  be  liable  to  be  taken  otf  and 
examined,  whether  the  recentucle  be  opL-n 
or  sliut,  except  by  3no  who  knows  the 
adopted  combmation.     These  considera- 
tions  involve  a  mechanical   problem  of 
great  ditRcnlty;  but  much   towards   its 
accomplishment  has  been  effected  in  va- 
rious inventions  that  have  been  nronuil- 
gated,  and  more  especially  in  those  of 
Bramah,  Chubb,  Tavlor,  <fec. 

LOCOMOTION.  *Suoh  motion  as  is 
attended  by  change  of  place  in  the  body 
which  moves,  in  contra<listinetion  to  mo- 
tions which  a  body  may  have  which  is 
stationary.  Thus,  a  clock,  a  mill,  a  lathe 
moves;  but  no  change  of  place  of  tlio 
machine  is  produci^l  :  such  nt^fflon  is  not 
locomotion.  A  steam  cnjrine  wliicli  lx>ing 
fixed  in  its  position,  impels  others  ho.HeH, 
is   a  stationary   en;:ine  :  but  one  which 


travels  with  the  bodies  which  it  drives 
is  called  a  locomotive  engine. 

LOCOMOTIVE  ENGINE.  Any  en- 
gine  which,  being  employed  to  draw  loads 
m  transport  overlana,  travels  with  the 
load  which  it  draws. 

Since  the  improvement  and  extension 
of  iron  railways,  this  term  has  been  ex- 
clusively applied  to  the  steam  engine,  by 
which  loaas  are  drawn  upon  them.  Al- 
though, strictly  speaking,  the  steam  en- 
gine b^'  which  a  snip  is  propelled  is  a  lo- 
comotive engine,  it  is  not  usual  to  applv 
that  term  to  it ;  such  an  engine  is  called 
a  marine  engine.  (See  Stkam  Naviga- 
tion.) The  term  locomotive  engine  must, 
therefore  as  at  present  used,  oe  under- 
stood to  mean  the  travelling  steam  engine 
by  which  trains  are  drawn  on  railways. 

History  of  th^  Locomotive  En-giM. — 
The  first  practical  application  of  the 
steam  engine  as  a  locomotive  power  took 
place  in  1804,  on  a  railroad  at  Merthyr 
Tydvil,  in  South  Wales.  The  engine  was 
constructed  by  Messrs.  Trevethick  and 
Vivian,  under  a  patent  obtained  by  them 
two  years  previously.  This  engine,  in 
several  respects,  resembled  in  its  form 
and  structure  those  which  have  been 
since  used  for  a  like  purpose. 

The  boiler  was  a  cylinder,  with  flat  cir- 
cular ends  placed  upon  its  side.    A  largo 
tube  entered  it  at  one  ene  end,  and,  being 
carried  near  the  other,  was  there  received 
and  carried  back  parallel  to  its  first  direc- 
tion ;  its  course  throuirh  the  boiler  resem- 
blinsr  the  letter  U.    The  two  mouths  or 
openings  of  this  tube  were  therefore  placed 
at  the  same  end  of  the  })oilcr.     One  of  the 
mouths  of  this  tube  communicated  with 
the  chimney,  the  base  of  which  was  flanged 
upon   it,   and  the    otlicr  contained   the 
grate  and  furnace.     The  flame  and  heated 
air  were  drawn  through  the  curved  tube, 
and  up  the  chimney.    The  engine  wns 
worked  by  high-pressure  steam  without 
condensation;  the  steam  being  admitted 
to   the   cylinder,    and   withdrawn    Iroin 
it,  by  the  well-known  mechanical  contri- 
vance called  a  four-way  cock.    The  cyl- 
inder wfis  placed  on  its  side  ;  and  in  one 
position  ot    tlie  cock    a  communication 
was  opened  between  tlie  boiler  and  one 
end  ot  the  cylinder,  while  another  com- 
municMtion    was     opened    between    the 
otiier  end  of  a  c\linder  and  a  tube  lead- 
\\vi  to  the  cliininey.     Sterini  was  thu?*  """ 
mitted  to  act  on  one  side  of  the  piston, 
antl   alln\vcd   to    ese:ipe    from   the  otlif^r 
side  to  the  chimney.     When  the  {nston 
attained  tlic  end  oV  the  stroke  the  posi- 
tion of  the  cock  was  reversed,  and  the 
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steam  which  had  jast  driven  the  piston 
in  one  direction  was  allowed  to  escape 
to  the  chimney,  while  steam  from  the 
boiler  was  admitted  on  the  other  side 
of  the  piston,  to  im^l  it  in  the  contrary 
direction  ;  and  in  this  manner  the  piston 
was  continually  driven  backwards  and 
forwards,  in  a  horizontal  direction,  and 
parallel  to  the  direction  of  the  load.    The 
piston  rod  was  moved  through  a  hole  cor- 
responding with  it  in  magnitude,  in  the 
cover  of  the  cylinder,  in  which  it  was  ren- 
dered steam  tight  by  a  stuffing  box  proper- 
ly lubricated.    The  piston  rod  aciea  bv 
means  of  aconnecting  rod  on  a  crank,  which 
it  kept  in  revolution  in  the  same  manner 
as  the  crnnk  in  a  common  double-acting 
steam  engine  is  moved.    {See  Steam  En- 
oiNR.)     On  the  axle  of  this  crank  was 
placed  a  cogged  wheel  which  by  means  of 
ordinary  gearing,  conveyed  motion  to  the 
axle  of  the  hind  wheels  of  the  engine,  so 
as  to  keep  that  axle  in  constant  revolu- 
tion.   The  wheels  being  keyed  upon  that 
axle,   so  as  not  to  be  capable,  like  the 
wheels  of  a  common  carriage,  of  turning 
upon  it  were  nece:ssarily  made  to  revolve 
with  it ;  and  so  long  as  their  pressure 
upon  the  road  was  sufficient  to  prevent 
them  from  slipping,  a  progressive  mo- 
tion of  the  carriage  was  the  necessary 
consequence  of  their  revolution. 

The  early  projectors  of  locomotive  en- 
gines were  all  unpressed  with  a  notion 
that  the  adhesion  of  the  driving  wheels 
with  the  rails  must  be  insufficient  to  en- 
able the  power  applied  to  these  wheels  to 
give  projsrressive  motion  to  the  carriage  ;  j 
and,  without  thinking  it  necessary  to  as-  | 
certain  by  actual  experiment,  whether  ■ 
such  were  really  the  cai*e  or  not,  they  ex-  ; 
pended  much  ingenuity  and  capital  in  de-  j 
vising  means  of  overcoming  this  difficul- 
ty, which,  after  all  turned  out  to  bo 
merely  imaginary.  Engineers  were,  in 
fact,  impressed  with  a  notion  that  if  any 
power  comi>ellcd  the  wheels  to  revolve, 
thev  woula  merely  slip  upon  the  rails, 
anil  that  the  carriasre  or  engine  would  re- 
main stationary.  To  provide  against  this, 
Messrs.  Trevethiek  and  Vivian  proposed 
to  make  the  external  rims  of  the  wheels 
intended  for  common  roads  roujrh  ond 
uneven,  by  surrounding  them  with  pro- 
jecting heiuls  of  nails  or  bolts,  or  by  eut- 
tinjJT  traverse  grooves  in  them.  Seven 
vears  afterwards,  Mr.  Blinkensop,  of 
liCcds,  obtained  a  patent  for  a  method  of 
sunnonnting  this  imaginary  difficulty  by 
the  substitution  of  a  rack  rail  for  the  ordi- 
imrv  smooth  rail,  and  eonstructiiiif  teeth 
to  tlio  driving  wlieels  to  work  in  the  teeth 


in  this  track  Various  other  in^nious 
contrivances  were  subsequently  produced 
for  the  same  purpose,  until  about  the  year 
1814,  when  experience  at  length  forced 
upon  engineers  the  knowledge  of  the  fiict, 
that  the  adhesion  of  the  tires  of  the 
wheels  with  the  rails  was  amply  sufficient 
to  propel  the  engine,  even  when  drawing 
after  it  a  great  load. 

In  1814,  an  engine  was  conetruoted  at 
Killingworth  colliery,  near  Newcastle, 
having  two  cylmders  with  a  cylindrical 
boiler,  and  working  two  pair  of  wheels 
by  cranks  placed  at  right  angles,  so  that 
when  one  was  in  full  operation,  the  other 
was  at  its  dead  points.  By  these  means 
the  propelling  power  was  always  in  ao- 
tion.  The  cranks  were  nuiintained  in 
this  position  bv  an  endless  chain,  which 
passed  round  tne  two  cog  wheels  placed 
under  the  en^ne,  and  fixed  on  the  same 
axles  on  which  the  wheels  were  placed. 
The  wheels  in  this  cose  were  fixedx)n  the 
axles,  and  turned  with  them. 

In  an  engine  subsequently  constructed 
by  Mr.  Stevenson  for  the  same  railway, 
the  mode  adopted  of  connecting  the 
wheels  by  an  endless  chain  and  cog 
wheels  was  abandoned,  and  the  same 
effect  was  produced  by  connecting  the 
two  cranks  by  a  straight  rod.  This 
method  is  still  used  in  Uie  coupled  en- 
gines which  are  applied  to  draw  the  trains 
of  merchandise  on  the  present  railways. 
The  next  stimulus  which  the  progress 
of  this  invention  received,  arose  from 
the  project  of  constructing  a  railway  be- 
tween Liverpool  and  Manchester,  for  the 
purpose  of  general  traffic.  When  this 
project  was  undertaken  it  was  not  decided 
what  moving  power  was  most  eligible — 
whether  horse  power,  stationary  stcim  en- 
eiiics,  or  locomotive  engines  :  but  the  first 
for  many  obvious  reasons,  was  soon  reject- 
ed, in  favor  of  one  or  other  of  the  Inst  two. 
The  steam  eutrine  may  be  applied  to 
move  carriages  on  a  railway  by  two  dis- 
tinct methods.  By  one,  the  engine  is 
fixed  and  draws  a  train  of  carrioffcs 
towards  it  by  a  rope  extending  the  whole 
length  of  the  road  on  whicli  the  engine 
works.  By  this  method  the  line  is  divi- 
ded into  a  number  of  short  stages,  at  tho 
extremity  of  each  of  which  an  engine  is 
placed.  The  wagons  or  carriages,  when 
drawn  by  an  engine  to  its  station,  arc  dc- 
tiiohed,  and  connecte<l  with  the  extremity 
of  the  rope-work  by  the  next  stationary 
engine,  ivad  thus  the  journey  is  performed 
from  station  to  station  bv  separate  en 
giiies.  By  the  other  method,  each  load 
trausi>orted  along  the  line  Is  drawn  by  au 
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engine  which  tativels  \rith  it  as  horsea  | 
travel  with  a  carriage  ou  a  comiiiou  roud. 

Until  the  period  to  which  we  now  ad- 
vert, railways  had  been  almost  exclusive- 
ly confined  to  the  transport  of  mineral 
products  from  the  mine*  up  to  the  places 
of  shipment,  and  to  this  purpose  exclu- 
sively had  the  locomotive  engine  been 
applied  ;  but  the  ends  to  be  attained  by 
a  railway  of  thirty  miles  in  length,  con- 
necting the  largest  manufacturing  town, 
in  the  greates«t  manufacturing  country  in 
the  world,  with  the  greatest,  most  active, 
and  most  opulent  commercial  port,  were 
of  a  nature  so  much  more  extensive  and 
important,  tluit  it  was  considered  that 
more  than  ordinary  means  should  be  re- 
sorted to  to  obtain  a  moving  power  com- 
mensurate with  the  traffic  which  mii^'ht 
be  expected  under  such  circumstances. 
Prizes  were  therefore  proposed  to  be 
given,  under  certain  stipulations,  to  those 
who  would  construct  the  most  etfcctive 
locomotive  engines  for  the  purposes  of 
the  road.  This  jiroposal  producca,  as  was 
anticipated,  much  competition  ;  and  the 
spirit  of  emulation  beinjr  roused,  a  trial 
was  appointed,  which  took  j)luoc  on  the 
railway  in  October,  1820.  Enjrincs  of 
several  forms  were  produced;  und  the 
prize  was  awarded  to  one,  called  the 
Bucket^  constructed  by  Mr.  Kobert  Ste- 
venson, the  soil  of  Mr.Gcurgu  Stevenson, 
the  engineer  of  the  railway.  In  the  tirst 
trial,  this  ensrine  attained  the  then  aston- 
ishing speed  of  twenty-nine  miles  an 
hour;  and  when,  unhappily,  nt  the  cere- 
mony of  the  opening  of  the  railway,  the 
accicient  occurred  which  deprived  the 
country  of  Mr.  Huskisson,  his  wonndod 
body  was  c<»nveyed  by  the  same  enLMUo, 
a  distance  of  about  fifteen  miles  in  twen- 
ty-five minutes,  being  at  the  rate  of  thirty- 
six  miles  an  hour. 

The  ciroumstaiioes  in  this  meelinnioal 
arrangement,  on  whieh  the  rapid  pro- 
duction of  steam  depends,  are  two-fold  : 
first,  the  cxtr'n>ive  surfaee  evposed  to 
the  ra<liant  heat  of  the  tire,  by  the  easing 
surroundinur  the  fire  box,  and  by  the  I 
tubes,  twenty-five  in  nuin>)er  nrul  only 
three  inelies  in  diamett-r,  by  which  tiu- 
flame  and  heated  air  are  eon.lueted  | 
through  the  hoiU-r  from  the  fire  Ik.x  to  the 
chimney  ;  an<l,  seron-Uv,  by  the  power- 
ful draut;ht  niaintained  ni  the  rurnace  by 
thecurrent  of  steam  con-tantly  di-charircd 
up  the  chimney,  it  has  bcm  mainly  bv 
brinii'inir  thene  princij.li-s  nion-  t'ully  into 
ojtcration.  that  all  tiic  iiuprovcnicnls 
smce  made  in  the  locomotive  engine  have 
been  eficetod. 


The  nulway  was  not  long  in  operation, 
when  the  arrangement  of  the  tubes  in 
the  boiler  was  improved  ;  their  number 
was  increased  from  twenty-flvo  to  one 
hundred  and  upwards,  and  their  diame- 
ters diminished  from  three  inches  to  an 
inch  and  a  half.  This  change  alone  pro- 
duced an  increased  efficiency  of  the  incl, 
the  proportion  of  nearly  two  to  one  ;  the 
consumption  of  coke  in  the  Rocket  hav- 
ing been  ver}-  nearly  24  pounds  per  ton 
per  mile,  while,  by  the  change  above 
mentioned,  the  consumption  of  fnel  in 
the  new  engines  was  reduced  to  IJ  pound 
per  ton  per  mile.  The  position  of  the 
cylinder  was  also  advantageously  changed. 
Instead  of  being  placed,  as  in  tfie  Kocket, 
outside  the  boiler,  and  exposed  to  the 
cold  air,  tlirough  wnich  the  engine  passed 
with  such  a  velocity,  they  were  now 
placed  in  that  part  of  the  engine  called 
the  snwle  box^  an  enclosed  space  at  the 
base  of  the  chimney,  into  whicn  the  flame 
and  heated  air  escaping  from  the  tubes 
passed.  By  this  arrangement  the  cylin- 
der were  always  maintained  as  hot  as 
the  air  which  issued  from  the  flues,  and 
all  condensation  of  steam  by  their  ex- 
posure prevented. 

As  the  cylinders  were  now  placed  be- 
tween the  'wheels,  their  operation  could 
not  be  ert'ectcd  in  the  same  manner  as  in 
the  Kocket.  The  connecting  rods  were 
accordingly  made  to  act  on  two  cranks, 
constructed  upon  the  axle  of  the  wheels, 
placed  at  right  angles  to  each  other,  so 
that  one  mav  always  be  nt  its  dead  point, 
while  the  otlier  was  in  full  action.  This 
double-craiikedaxle  was,  from  the  wcak- 
TRss  consequent  upon  its  form,  liable  at 
first  to  fracture  ;  but  improved  methods 
of  forLfing  them  subsequently  gave  them 
sutficieiit  strength,  and  now  the  fracture 
of  a  cranked  axle  rarely  occurs. 

The  two  chief  improvements  in  the  lo- 
comotive enirine,  wnieh  succeeded  those 
now  explained,  and  which  brouirht  that 
machitie  to  its  present  state  of  etfieicncy, 
consisted,  first,  in  the  substitution  of 
brass  for  copper  tubes  ;  and,  secondly, 
in  the  addition  of  another  pair  of  wiioels 
to  support  the  eiiLrine.  It  wjis  found,  by 
continued  experience,  that  the  copper 
tubes,  lYoin  sonie  peculiar  action  of  the 
fire  \ipon  them,  which  has  never  been 
explained  or  understood,  were  s>i]»)e«'t  to 
rapiil  decay  ;  and  in  the  year  ls;j'J,  after 
an  experietici-  of  about  three  years  of  the 
workiitL''  of  the-^e  <'nLrine>*,  it  occurred  to 
Mr.  Dixon,  then  one  of  the  superintend- 
ents of  the  enirineerintr  dei»artmcnt  of 
the  Liverpool  an<i  Manchester  raiUmy,  to 
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lone  "  copper  tubca  of  Ibe  "nme  dimpn- 
uioia.  Hav'ine  now  brouflit  down  the 
bLitoi7  of  tlie  locomotive  entrine  to  tlie 
preMot  lime,  we  ■lisll  ^vo  ft  dcstription 
of  one  of  these  mschiuea  id  its  uiunt  im- 
proved form, 

DrKriplion  •>/  tit  moU  improctd  Loro- 
motia  Engine  in  "pfntioRin  1640. — A  lon- 
(titDdinal  vcrti™!  gection  of  a  loooinotivo 
engine  is  represented  here. 


alied- 


Tbe  bolter,  u  hM  been  explained  in 
tlie  engines  nlreudy  deserilivd,  in  a  cylin- 
der placed  upcii  ils  siile  ;  tlie  flra-box 
consists  of  two  enslings  of  nielnl,  one 
witliiu  tlie  other,  bolted  tojjether  by  riv- 
ets reprcaciited  at  I- ;  (lie  iia-grale  is 
repretenled  ut  D.  The  flre  door  is  rep- 
rcsenled  at  [»,  opening  upon  the  phitfbrui 
vhere  the  en^iiueer  it^inds.  tt  will  be 
perceived  in  tlic  section  Iliat  Uie  flre-boi 
Is  on  ever)'  side  surronnded  by  the  wsler 
contained  belwecii  the  twu  easinKn,  llie 
level  of  the  water  in  the  biiilcr  bcinK 
above  tlie  roof  of  the   flrc-box.     Tb 


h  the  flan 


duels  of  conibnsliou,  are  drawn  from  the 
fire-box  inio  the  smoke-box  ore  Kpre- 
scntc.1  at  E.  The  snioke-box.  contniiiius 
tlie  cyllndeni  and  tlie  blust  pijie,  anil  aiip- 


lindcr  of  71 


ponii^t 


e  IVnin'wbich  the  d 


.._.  _ e  boiler  if,  „  .,. 

feet  loiiE  unJ  31  in  dininctcr ; 

wilb  B  bonriliiiit  of  wood,  rui 
-      idboundn,        ■     ■  ' 


together  at  the  bottom.     Wund  being  a 
slow  conductor  of  heat,  this  covering  lins 
the  otTect  of  keeping  the  iHiiler  n-arni,  and 
checking  the  couilenutinii  of  stcntn. 
Aft  tbe  lop  of  the  firi'-lHi\  would  bo 


Arc.  irtb 


tbe  t"ubos  E,  which  serve' to  couduol  the 
flame  tbruugh  the  boiler  to  tlie  amoko- 
box,  are  made  of  the  best  rolled  brass, 
1-liltli  of  an  Ineh  thick,  and  1|  of  an 
inch  in  external  diameter;  they  are  iH 
in  numbvr,andthedii<tanee  between  tube 
audtubeisthree-quarteraafan  ineh.  The 
number  of  these  lubes  is  at  present  sel- 
dom less  than  9(1.  and  varies  bstween  that 
and  150.  T!ietubcaactasstays,eonnect- 
ing  the  ends  of  the  boiler  to  strengthen 
them;  hut,  besides  these,  there  Bra 
rodK  of  wrought-iron,  which  extend 
fVom  end  lo  end  of  the  boiler,  above 
the  roof  of  the  flrc-box.  The  smoko' 
box  F,  eontainitig  the  cylinders,  steam- 

Slpe,  and  blnst'i'ipe,  is  4  feet  wide,  and  S 
set  lottg;  it  Is  luniied  of  wrought'inui 

those  of  tlin  nre.ViAV.      From   IIia   ton  or 

the 

umi-eilindricnl.  rises 

le  of  l-i. 


placed  side 

by  side,  in  ft  heriiontal  poeitiou,  with  the 
Bhdc  vnlves  upwards. 

At  the  ti.p  of  Ihe  external  Are-box,  a 
drcular  aperture  is  fonned  15  inches  in 
diaiiielcr:  and  upuu  this  aperture  is 
pluced  the  stcum-domeT,  ij  feet  In  height, 
and  secured  lo  the  sjierturc  by  nuts.  The 
Bteam-donie  is  made  of  brass,  nearly  half 
on  inch  thick.  A  funnel-shaped  lube  rf, 
Willi  its  wide  end  upwards,  is  flanged 
>i[ion  the  (>ide  of  the  great  steam-pipe  S, 
olid  Is  carried  upward,  so  that  Its  mouth 
is  near  the  top  of  the  sleam-domeT.  In 
or.ler  to  pass  into  the  aleam-pipc  S,  tho 
Hteiiin  which  Alls  the  upper  part  of  the 
boiler  A  must  oi^cend  tlie  steam-dome 
and  enter  llic  fiiiiiiel  J,  as  injleated  by 
the  bent  arrow.  This  arrangement  pre- 
vents, in  a  great  digrce,  the  effect  of  prim- 
ing, by  wblcli  voril  is  expressed,  techiii- 

llie  water ortfiebniler,aii()  is  mixeilwith 
llie  steuin  in  tho  upper  jiart  of  it ;  a*  the 
Kleam  orccnds  the  ftcam-doineitfaio  "pray 
fnllii  Inick,  and  nothing  but  pure  "team 
enters  the  fiinnel  i/.  The  wider  |<iiit  of 
the  great  slcum-pii<c  li  is  flanged,  and 

ii'iiidiiiir  ajHTture  in  the  luck  of  the  flre- 


to  full  belon 


wlier 


die 


line  kind  fts  is  u'cd 


orcLOPKDU  or  tbb  i 


[loc 


fbr  the  piBton  rods  of  tUttm  c^linden. 
Through  thU  slufline-boi  the  ppiodle  or 
Tod  a  of  Che  regulator  poster ;  uid  to  it* 
ead  IB  BtCBched  m  winch  A,  by  vhich  (he 
■piDdle  a  is  capable  of  beiiiB  tamei).  To 
the  other  end  of  this  Bplndle,  at  «,  in  at- 
t«ohed  a  plate,  which  moves  upon  aper- 
turec  formed  in  the  eover  oft  he  end  of  the 
great  aleam-pipe  S;  no  that,  by  tiiminji  the 
winch  h  more  or  lees,  this  plate  (  niKy  lie 
removed  more  or  Ic^ei  from  Ihe  openin;^  ; 
and  thuB  the  steam  may  be  ollnwed  lo  in- 
ter the  steam-pipe  from  the  Btcnm-dome 
in  greater  or  le^B  qu until V,  ormnv  bo  shut 
off  altogether.  Thoslcam-pipeS  boinein- 
cloRcd  within  the  boiler,  is  inalntaitied  at 
tlie  fame  temperature  as  tlie  aleam  in  the 
boiler;  and  therefore  the  steam,  in  pass- 
ing  through  It,  Is  not  liable  to  condennu- 
tion.  The  sleoui-pipe,  pasiinz  throiigh 
the  tube  plate  at  the  fVnnt  of  the  boiler,  is 
tnmed  down  at  rijrlit-anales  in  the  sinnke- 
boi;,  where,  dividing  into  two  hninolici, 
one  is  conducted  to  each  of  the  vnlve- 
boxci  of  the  evliudcrs.  The  lower  ends 
of  these  branches  arc  flanged  to  the  valve 
hox»s  at  the  ends  of  the  ej'linders  nearest 
to  the  boiler ;  by  tlice  pipeii  the  steum 
ia  condii,.-ted  into  the  vslvc-boxex,  or 
m-chests,  from  which  it  i.*  ndmitlod 


o^rlindersarethcstenm-i'lieMslT,  commu- 
nicating with  the  passage :  in,  fli.  S.  lend- 
ing to  the  toportrierrllnder,  nIciidin;;to 
the  bottom,  and  n  lending  throuifli  the 
side-pipe  to  llie  I*  blist-iiijw.  These 
openings  are  govemetl  by  a  wlidc,  fi  tlint. 


this  effect  in  foil 
practice.     The  i 


I  improeplibie 
le  P*,  which  oo 


"X5 

eachofthe  valve-bonea,  L ^ „  __ 

the  centre,  presented  upward.  To  this 
opening  is  flanged  the  base  of  theblaat  pipe 
p,  flg-  4,  which  rises  inadireetien  slighllj 
curved,  and  has  its  mouth  presented  up- 
ward in  thecentreofthcehimneyO.  The 
steam  which  ia  disohnrgetl  at  each  etruks 
of  the  pi»tonB  from  the  cylluders,  passes 

through  this  i '  '  tlio 

chimney  by  pn  ,.    i» 

audible,  rcseml ■       .-   ,.i'  a 

horse;  but  whtn  :it  I'ull  >[«■<■. I.  rti.'v  suc- 
ceed each  other  m>  rui.iiil^y  ihiiC  the  car 
csn  scarcely  diniiii,:i[ii|i  their  inlervnls. 


gupil 


place;  the  uti|u 

tubes  E;  and  iIhtp  i*  itiisc^ 
arrangement,  til 


.ught 


ing  pniporlionol  lo 
■11  nicam  pnidnccd,  it  inusi  oe 
proportional  to  the  qnaotily  of 
tsnry  to  be  consumed, 
ce  of  the  <>teain  thus  impressed 
!  iiislons  is  communicated  bv  ibe 
piston  rods  Y,  the  cross  heads  of  which 
moie  in  guide*  to  the  connecting  rods  B, 
which  are  nttnched  to  the  cruuk  pins  of 
that,  IIS  ih 


The  fore 


..l*n<.d  ■ 


I  thu 


;dXIc(  :  sethul,  iisltin  piMon 
iven  limikwartl*  and  forwards 
Icn,  the  working  axle  is  made 
As  tills  nxle  is  the  Instninicnt 
n  tnu  ini)vlling  ti>roe  i*  conveyed 
ikkI,  and  IIS  it  hns  to  sunport  a 
-■■■■1  of  the  -~  -'■•  -'■^-'-^-— 


When  llie  piston  readies  the  bottom  of 

it  is  ciiiistructcil  with  great  strength  atid 

the  cylin.ler,  then  the  slide  o[--iis  n  coiii- 

precision.     Its  length  is  n(  feet,  and  its 

kiamoter  li  inciies.    At  the  centre  part  it 
b.   ojlindricil.  ,ind  is   iiH^caseJ  'to   SJ 

iripe,  and  lietivceii   m   and   u.      Tims 

steam  will  be  ndmiltcd  to  the   bottom 

inches,  where  the  etunks  nre   formed. 

of  the  oj'llnller,  while  the  utenm  ft^.m 

The  si.Ies  of  the  cranks  are  four  inches 

the  top  will  es.'a[>o  tViuii  «.  tlm.ujfh  <i 

thick;  and  the  crank  pins,  which  are 

to  the    hhist-pitK-.      In    tliis    wuv,    hw 
the  alternalo  -htfiin-j  of  the  slide,  -te-.iin 

truly  I'vliiKlrinJ,  nre  .->  inches  in  <lian>elcr 

nnd  '<  in  Icni^th.    I'pon  the  parts  which 

is  admitted  Bllenintclv  to  eiicli  end  i.f 

nre  Tl    iiicli.'S  long,  the   great    driving 

the    ej-hndc-r,    and    iilLm,.,!    i,.    i.;.,|,c 

from  the  other  end,   iiu.l  the    -..:<,  ^ 

II'.    1  ■  ■1  iriiii  turiiini:  or  shaking  upon 

■   ■.■.'        !;n,--,..  arc  li^c<l  on  the  oul- 

is  thereby    niiinnalii..i.       TfK-    |  ;        .. 

-<       "1  -1.  M,unii<-.»lii.'hr.'.1  upon  these 

n»eJ   in  loi-.im.pilvc  cri-itu-  ;ir.>    -i'  ■!.!■ 

kind  cidlcl  iiu-tiilli,'  |.i.t..ii.,  an.!.   1. 

their  horizoiitii!  [....iri liu^v  linv  .i  icii- 

donoy  to  wenr  iiiicijtmllv  m  tin-  cyiiiiihT.-', 

p-rH'-i. 
Tli«^[^ell^■tll  and  iicciir.uy  of  construe- 

loo] 
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tioQ  necessary  for  these  axles  ronderthem 
expensive ;  they  cost  almost  $200  each. 
They  are  seldom  broken,  but  sometimes 
bent  when  the  engine  escapes  from  the 
rails. 

The  method  bv  which  the  slides  are 
made  to  govern  tne  admission  and  escape 
of  the  steam  to  and  from  the  cylinders^  is 
nearly  the  same  as  in  the  steam-engme 
nsed  for  the  general  purposes  of  manu- 
facture ;  and  for  a  general  description  of 
the  method  see  Steax-Eivgixi.  Mean- 
while it  may  be  here  briefly  stated,  that 
this  is  effected  by  two  circular  plates  call- 
ed eccentrics,  on  the  great  woricing  axle. 
These  eccentrics  are  circular  plates  or 
rings,  formed  uix>n  or  attached  to  the  axle 
so  as  to  revolve  in  their  own  plane,  fonn- 
ing,  in  effect,  a  part  of  the  axie  itself;  but 
they  are  so  placed  that  their  centres  do 
not  coincide  with  the  centre  of  the  axle, 
and,  conseanently,  as  they  revolve  with 
the  axle,  tncir  centres  are  alternately 
thrown  backwards  and  forwards,  as  they 
pass  on  the  one  side  or  the  other  of  the 
axle.  These  circular  plates  are  surround- 
ed by  rinffs,  within  which  they  revolve, 
but  which  do  not  revolve  with  them. 
These  rings  are  alternately  thrown  back- 
ward and  forward  by  the  play  of  the  ec- 
centrics ;  and  to  these  rings  are  attached 
rods  e  e,  which  communicate  motion  to 
the  arms  which  drive  the  rods  of  the 
slides.  Thus  the  alternate  motions  of 
the  eccentrics  backward  and  forward  nro- 
ceeding  from  the  working  axle,  protluoe 
a  correspondinjf  backward  and  forward 
motion  in  the  slides,  and  thereby  jrovcrn 
the  admission  and  escape  of  the  steam  to 
and  from  the  cylinders.  When  it  is  re- 
quired to  reverse  the  motion  of  the  en- 
gine, or  to  make  it  move  backwnnls,  tlic 
motion  of  the  slides,  and  therefore  the 
postilions  of  the  eowntrics  on  the  work- 
mtr  axle,  must  be  the  contrary  of  that  ne- 
cessary to  produce  a  progressive  motion. 
Sometimes  this  is  effected  by  shiftinj;  the 
position  of  the  eccentrics  on  the  workinir 
axle ;  but  more  commonly  it  is  eflVcifd 
by  a  second  pair  of  ec'ccntrics,  first  phiced 
on  the  axle  in  a  position  contrary  to  the 
others.  When  the  engine  is  driven  hack- 
ward,  the  eccentrics  are  thrown  out  of 
jfcar,  and  the  other  eccentrics  arc  brought 
mto  action. 

As  all  the  moving  parts  of  the  engine 
require  to  be  constantly  lubricated  with 
oil.  to  diminish  the  friction  and  keep  thern 
eool,  oil  cups  for  this  jturpose  :irc  Wwd 
upon  them.  In  pome  engines  these  oil 
cups  are  attached  sepanitely  to  nil  the 
moving  parts ;  in  others  they  are  placed 


near  each  other  in  a  row  on  the  side  of  tho 
boiler,  and  communicate  by  small  tubes 
with  the  several  parts  to  be  lubricated. 

The  tender  is  a  carriage  attached  be- 
hind the  engine,  and  dose  to  it,  carrying 
coke  for  the  supply  of  the  furnace,  and  a 
tank  containing  water  for  the  boiler.  The 
feed  for  the  boiler  is  conducted  through 
a  curved  pipe  proceeding  from  the  tank 
and  carried  first  downwards,  and  after- 
wards in  a  horizontal  direction,  as  repre- 
sented at  K,  under  the  boiler.  It  com- 
municates with  a  forcing  pump,  which  is 
worked  by  an  arm  driven  by  the  cross 
head  of  the  steam  piston.  By  this  pump 
water  is  constantly  forced  into  the  boiler, 
so  long  as  the  pump  is  kept  in  communi- 
cation with  the  tank  ;  bat  this  communi- 
cation may  be  opened  and  cut  off  by  a 
cock  ly  governea  by  the  engineer.  As 
the  feed  of  the  boiler  by  the  introduction 
of  cold  water  checks  the  activity  of  the 
evaporation,  it  is  the  custom  not  to  feed 
the  boiler  regularly  and  constantly,  but 
to  throw  on  the  feed  when  the  work  on 
the  engine  is  light  and  the  consumption 
of  steam  small,  and  to  shut  it  off  when 
much  steam  is  required.  The  circum- 
stances of  a  railway  naturally  suggest  this. 
When  the  engine  is  ascending  ah  incline, 
all  the  steam  which  tho  boiler  is  capable 
of  producing  is  required^  and  therefore 
the  nctivitv  of  the  boiler  is  stimulated  by 
shutting  off  the  feed  ;  but  in  descending 
an  incline  less  power  is  required,  and  the 
feed  is  put  on. 

Until  within  the  last  few  years,  loco- 
motive enjriues  were  supported  on  only 
four  wheels.  It  is  now,  however,  tho 
general  practice  to  place  them  on  six,  the 
drivinjr  wheels  being  in  the  middle.  To 
pive  irreater  security  to  the  position  of 
the  euirine  between  the  rails,  it  is  usual 
to  construct  flanires  on  the  tires  of  all  the 
six  wheels.  Mr.  Stevenson,  however, 
has' been  in  the  practice  of  constructing 
the  drivinjf  wheeis  without  flanj/es,  and 
with  tires  truly  cylindrical,  depending  on 
the  flanges  of  the  two  j)airs  of  suuiller 
wheels  to  maintain  the  entrine  between 
the  rails.  The  wheels  of  the  engine  aro 
constructed  in  this  manner.  The  driving 
wheels  D  are  fixotl  on  the  cranked  axle 
C,  and  are  constructed  with  cylindrical 
tires  without  flonjres.  They  arc  5  feet  in 
diameter.  The  wheels  L  arc  3  feet  ♦)  in. 
in  diameter,  and  have  conic^il  tires  with 
flanires.  They  are  placed  immediately 
behind*thc  snioke-hox.  The  wheels  M 
arc  preeiMcly  similar  to  L,  and  are  placed 
iminedialely  behind  the  fire-box. 

When  an  engine  is  required  for  tho 
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,  ..t  of  very  honvy  IoxIb,  suoh  as 

those  of  murclmnJiiie,  llie  aillit^>ion  of 
ono  pair  of  workitig  wheels  u  aufiiuietit ; 
and,  in  audi  cnaas,  one  of  tlio  two  puirs 
of  wheels  L  or  M  a  ido'Ib  ofllicsamo  di- 
ameter na  the  driving  wheels,  and  a  bar 
is  altHched  to  points  ontlioontsiiieof  the 
wheola,  at  equal  didtaDccs  from  their  ceD- 
tre,  oonnec?ting  them  in  such  n  manner 
that  any  furee  applied  Co  mnko  one  pa 
of  wheels,  revolve  must  neccssnny  m 
part  the  snmo  motion  to  the  other  poi 
By  such  tneaun  tlie  lorcc  of  tlie  s  sou 
made  to  drive  botli  pnira  of  nli  s  ai  d 
conMouentty  a  pronortioaally  in  eased 
adhesion  la  obtniiiod. 

The  speed  wlilch  an  enzino  is  enpnl 
ofiniportiiig  depends  on  tlie  mtcut 
the  pistons  are  eapablaof  beiiiirin    ed 
the  cylioders.    By  every  motion    f  en  1 
(•islflu  hark  ward  and  forwanl  on 
tion  of  the  drivinir-vrheal  is  prod 
and  by  cneii  revolution  of  tlie  gr 

wheels  supposi —  ■' ' ••  - 

the  raihs  the  1 

dlatnnee  equal  .    .    . 

As  the  two  cylinilerii  work  lo^ 
follows  tliat  a  quunlity  of  fteiun  i 
to  lUI  four  cylinderw  must  he  sn| 
the  holler  to  the  engine,  to  move 
thron<(ii  a  distance  eqnul  to  tlio 


twin!  from  end  l< 

Bli'ani'froin  the  btiiler,  i 

Xe  into  The  elUmmT^'  If  l"e 
whwls  he  n  f.'.'t  in  ilinmeter,  1 
cnmrvrciu'r- H-ill  U-  15  f.'.'l  7  iii.l 
drive  a  train  iiitli  a  vel.inlv  of 


e  twin:  111 


bo  propelled  thnmirh  4--,  fnt  ,.,t 
and  to  .,o,.i>ni|.lisli  tl,i»  wlih  i  f,.. 

SOC.W;  anda^tildi^^v.ib'irh.i'i'  r."'/ 

it^roiru^'Miae  wh-II'Vh'Ii  i"..'--'  ' 


[loo 

S  feet  in  diameter.  Such  en^aa  have  not 
been  yet  sufficiently  lona  in  use  to  alTord 
a  pructica]  estimate  of  the  effects  of  tliia 
clianii:e.  Experiments  of  a  mui'Ji  bolder 
kiadhave  been  tried  in  England  on  the 
Brest  'Wcalem  Eaiirood,  where  driving- 
wheclK  of  10  tbot  in  diameter  linvo  been 
worked.  From  a  oonrse  of  eiperimciit*. 
however,  tnado  by  Dr.  Lordner  witli  tlioae 
ene  nes    t  d  d  not  appear  that   hev  hud 


ral        jII  oiliplieal   sprig 


Tliiaia  an  appnrain* 
nail  hemispheres  of 

n  is   mailo    lo    pnss 

pnee  formed  in  llie 

!    and  e>('npe<i  fr.<ni  > 

heC""Tli™"Ii'iie  of 
re  presented  down- 


-,  A  shrill  wliisllei.i  p[odui«d, 

ij;;  Ifom  all  ordinary  sounds, 
i<i):Ive  notice  of  the  a]>]>roat'li 

iiiiinl  to  expreRs  the  power  of 
::  in  llic  Kuine  manner  as  tlml, 
.^■iii.-s,hy  thetemiAftrw/«.r>r, 
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onbic  feet  of  water  per  hour ;  bat  Dr. 
Lardner  found  that  the  moan  evaporation 
obtained  by  a  very  accurately  conducted 
experiment  over  200  miles  of  railway, 
with  an  eniarine  colled  the  *'  Hecla,"  simi- 
lar to  the  above,  was  90  cubic  feet  per 
hour  very  nearly. 

But  a  still  greater  evaporating  power 
than  this  is  found  among  tlie  large  en- 
gines working  on  the  Great  Western  Rail- 
way. In  an  experiment  made  by  Dr. 
Lardner  with  the  *'  North  Star,"  drawing 
llOi  tons  gross,  at  301  miles  an  hour,  the 
evaporation  w^as  200  cubic  feet  an  hour. 

On  the  evaporating  power  of  the  en- 
gines, other  tnings  being  the  same,  must 
uUimately  depend  the  speed  of  railway 
traffic.  For  it  nuL-^t  be  apparent  that  no 
modification  which  can  be  made  in  the 
mechanism  of  the  engine,  no  change  in 
the  magnitude  of  the  drivinjf-wheels,  nor 
any  other  expedient,  of  the  same  kind,  can 
add  any  thing  to  the  real  working  power 
of  the  machine.  Mechanism  is  the  means 
by  which  power  is  moditicd  and  conveyed 
to  the  working  points,  not  the  agent  by 
which  it  is  produced.  The  real  and  tlie 
only  source  of  power  in  the  steaui-eneino 
is  to  be  found  in  tlie  phenomena  which 
are  evolved  in  the  conversion  of  water 
into  vapor  (for  an  account  of  which  phe- 
nomena see  Steam);  and  therefore  the 
limit  of  railway  speed  must  always  depend 
on  the  rate  at  which  the  locomotive  boiler 
is  capable  of  evaporating  water.  The  ex- 
periments above  explained  show  the  ac- 
tual evaporating  powers  possessed  by  the 
boilers  now  in  use,  and  every  addition  to 
such  evaporating  power  will  produce  a  cor- 
res|>ondinjr,  though  not  a  proportionate, 
autfraentation  of  the  speed  of  railway 
trains. 

Nothing  can  be  more  absurdly  exntr- 

f re  rated  than  the  accounts  which  have 
)cen  put  in  circulation  of  the  speed  at- 
tained on  railwavs.  No  reliance  wliatever 
can  or  ought  to  he  placed  on  such  reports, 
unless  they  are  attested  by  conij»otcnt 
persons  accustomed  to  that  kind  of  in- 
quiry, and  who  have  been  themselves 
witnesses  of  them.  In  the  extensive 
courses  of  experiments  which,  for  several 
years  back,  have  been  conducted  hy  Dr. 
lardner,  he  has  never  in  any  instance, 
even  with  an  unloaded  eiiLrine,  exceeded 
a  speed  of  45  miles  an  hour  ;  nor  was  that 
speed  ever  maintained  tor  any  considera- 
ble distance.  With  the  best  and  most 
powerful  entrines  on  the  (Jreat  Western 
Riiihvay  at  their  disposal,  Mr.  Nicholas 
Wood  and  Dr.  lardner  were  unable  to 
attain  a  speed  in  their  experiments   ex- 


ceeding 45  miles  an  hoar.  The  qnestion, 
however,  of  most  interest  to  the  public 
is,  not  the  speed  which  can  be  obtained 
in  experiments  for  short  distances,  with 
engines  put  into  racing  order,  but  the 
average  speed  which  can  bo  maintained 
in  the  general  working  of  a  road.  The 
returns  of  the  railway  companies,  so  far 
as  they  have  been  made  public,  do  not 
supply  the  means  of  determining  this; 
but  it  is  known  that  the  first  class  trains 
between  London  and  Birmingham,  a  dis- 
tjincc  of  112  milcd,  could  not  until  within 
the  last  few  years  make  the  journey,  under 
ordinary  circumstances,  in  less  tnan  r>i 
hours;  this  would  give  an  average  speed, 
including  stoppages,  of  20  miles  an  uour. 
On  the  Granci  Junction  line  between  Li- 
verpool and  Birmingham,  the  journejr,  in- 
cluaing  stoppages,  was  usually  made  in4| 
hours,  and  tlie  distance  is  97  miles  ;  this 
again  is  at  the  rate  of  about  20  miles  an 
hour. 

The  quickest  journey  on  record  waa 
made  Auifust  2<,  1848,  on  the  Great 
Western  Railway,  England,  by  the  "  Cou- 
rier" locomotive,  which  ran  with  an  ex- 
press train  wcitfhing  60  tons,  from  Did- 
cot  to  Paddington,  a  distance  of  53  miles, 
in  4H  minutes  13  .seconds,  or  at  the  rate 
of  67  miles  an  hour.  The  average  speed 
on  railways,  iu  this  country,  varies  Irom 
25  to  83  miles  per  hour. 

A  new  engine  has  been  placed  upon 
the  Boston  <fc  Worcester  Railroad,  manu- 
factured V)V  Mr.  Ross  Winans,  of  Balti- 
more,  which  has  some  peculiarities  about 
it.  It  is  made  for  burning  anthracite 
coal,  and  has  a  fire-box  6  feet  in  length, 
3i  in  width,  and  about  2  feet  in  depth, 
which  ^^ill  contain  at  least  a  ton  of  coal, 
riic  fire  grate  is  composed  of  stout,  se- 
>arate  bars,  so  arran^^ed  as  to  permit  the 
ircinen  to  turn  them  an<l  shaKc  out  the 
ashes,  even  when  the  doors  of  the  fire- 
box are  elose*!. 

It  is  'js  tons  weight,  with  two  driving- 
wheels,  7  feet  in  diameter,  and  8  sup- 
j)ortintr  or  truck- wheels — the  drivintr- 
wheels  beinij  in  the  centre.  It  is  made 
so  that  the  adhesive  power  or  weiirht 
may  be  thrown  u]»on  the  driving-wheels, 
for  the  pur[»ose  of  ascendint:  stec[»  trrades, 
and  thus  adhesive  ]>f»wer  can  be  concen- 
trated or  spread  over  the  whole  of  the 
wheels,  a<'Cording  as  it  is  needid.  We 
understand  that  for  n  slK>rt  distance  it 
attained  the  speed  of  6"  Jiiile-*  p«'r  h<»ur. 

].()('()M()T1\K    I'OWKR.    in    contra- 
distinction   to    statioiijirv  jtowrr,    is  aiiv 
kind   of  niovintr    pouer  api'Iied   to   tho 
i  transport  of  loads  on  land  which  travoU 
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with  the  load  which  it  draws.  Horew 
employed  to  draw  carriages  or  carry  loadti 
are  locomotive  powers. 

LOG.  A  machine  used  to  measure  the 
rate  of  a  ship'ti  velocity  through  the  water. 
It  i»  a  piece  of  thin  board,  forming  the 
quadrant  of  a  circle  of  about  six  inches 
radius,  and  balanced  by  a  small  plate  of 
lead,  nailed  on  the  circular  part,  so  as  to 
swim  perpendicularly  in  the  water,  with 
the  greater  part  immersed.  The  log-line 
is  fastened  to  the  log  by  means  of  two 
legs,  one  of  which  is  Knotted,  through  a 
hole  at  one  corner,  while  the  other  is 
attached  to  a  pin,  fixed  in  a  hole  at  the 
other  comer,  so  n»  to  draw  out  ocea.sion- 
ally.  The  log-line,  being  divided  into 
certain  spaces,  which  are  in  proportion  to 
an  equal  number  of  jjeographieal  miles, 
as  a  half  or  quarter  mniutc  is  to  an  hour 
of  time,  is  wound  about  a  reel.  The 
whole  is  employed  to  mrnsure  the  sliip's 
headwav,  in  the  ti»llowing  manner : — 
The  reel  being  held  by  one  man,  and  the 
half-minute  glass  by  another,  the  mate  of 
the  watch  fixes  the  pin,  and  throws  the 
log  over  the  stern,  which,  swimming  per- 
pendicularly, feels  an  ininicdiate  resist- 
ance, and  is  considered  as  fixed,  the  line 
being  slackened  over  the  stern,  to  pre- 
vent the  pin  comintf  out.  The  knots  are 
medsured  from  a  mark  on  the  line,  at  the 
distance  of  12  or  15  fathoms  from  the  lo^r. 
The  glass  is,  therefore,  turned  at  the  in- 
stant that  the  mark  passes  over  the  stern  ; 
and,  as  soon  as  the  sand  in  the  glass  has 
run  out,  the  line  is  stojiped.  If  tiic  trlass 
runs  30  seoonds,  ll\e  rlistanoe  bt-twien 
the  knots  should  be  Tio  l\it,  \Vhin  it 
runs  more  or  less,  it  slionld,  thereton-,  be 
correeted  by  the  rollowintr  analoi^y  :  As 
80  is  to  i'O,  so  is  the  number  of  ^el.•olId> 
of  the  phi.-s  to  the  distance  between  the 
knots  upon  the  line. 

L(K;-B()ARD.  Two  Iw.ards  sliuttini: 
to<rether  like  a  l)ook,  and  divid.-d  into 
several  colunms,  eouiainini:  the  hours  of 
the  day  and  nitdit,  the  direetion  of  the 
winds,  and  the  eour>e  of  the  ship,  witli 
all  the  material  oecurrences  that  hap]>cn 
durinir  the  2i  liours,  or  from  noon  to 
noon,  toircther  with  the  latitude  by  obser- 
vation. From  this  table,  the  <.ttie("rs  work 
the  shij)'s  way.  and  eumj.ile  theirjonrnals. 

L<)(J-B0()"K.  is  a  book  into  which  the 
contents  of  the  loir-board  is  daily  tran- 
scribed at  noon,  toir«'tlier  with  every  cir- 
cum>tanee,  deserviuL'  notice,  that'  may 
hajtpen  to  the  >Iiij>.  or  witliin  her  eon^- 
nizaiiee,  either  at  sea  or  in  a  lia?b(.r.  tVrr, 
The  intermediate  di\ision.>^  or  watehes  ol 
H  log-book  contain  four  hours  each. 


LODE,  is  the  name  driven  by  the  Corn- 
ish miners  to  a  vein,  whether* it  be  filled 
with  metallic  or  earthy  matter. 

LOGWOOD,  is  the  wood  of  the  Bctmar- 
torylon  Campechktnufn^  a  native  tree  of 
Central  America,  grown  in  Jamaica  since 
1715.  It  was  first  introduced  into  Eng- 
land in  tlie  reign  of  Elizabeth,  but  as  it 
aflfordcd  to  the  unskilful  dyers  of  her 
time  a  fugitive  color,  it  was  not  only  pro- 
hibited from  being  used,  under  severe 
penalties,  but  was  ordered  to  be  burned 
wherever  found,  by  a  law  pm.ssed  in  the 
28d  year  of  her  reign.  The  same  preju- 
dice existed,  and  the  same  law  was  en- 
acted against  indigo.  At  length,  after  a 
century  of  absurd  prohibition,  these  two 
most  valuable  tinctorial  matters,  by  which 
all  our  hats,  and  the  greater  part  of  our 
woollen  cloths,  are  dyed,  were  allowed  to 
be  used. 

Old  wood,  with  black  bark  and  with 
little  of  the  white  albunium,  is  preferred. 
Logwood  is  denser  than  water,  very 
hard,  of  a  fine  compact  grain,  and  almost 
indestructible  by  the  atmospheric  ele- 
ments ;  it  has  a  sweet  and  astringent 
taste,  and  a  peeuliar  not  inotlensive  smell. 

"When  chipped  logwood  is  for  some 
time  exposeci  to  the  air,  it  loses  a  portion 
of  its  dying  power.  Its  decoction  absorbs 
the  oxygen  of  the  atmosphere,  and  then 
acquires  the  property  of  jirecipitating 
with  fcrel.itine,  which  it  haa  not  before. 
The  dry  extract  of  loirwood,  made  from 
an  old  decoction,  atlbrds  only  a  fupitivo 
color.  Alcohol  extnicts  most  of  the  active 
j»rineiples  of  this  wood,  and  forms  u  deep 
colored  tincture.  The  tincture  of  the  fresh 
wo.,(.i  is  an  cxoel'ent  test  for  the  present^ 
of  bicarbonate  of  lime  in  mineral  waters, 
with  whieh  it  prrxluccd  a  well  marked 
violet  colored  solution. 

1-()<>MS,  are  maehines  for  crossinsr  and 
weavinsi  threads.  The  two  materials  are 
the  warp  and  the  wett,  crossed  and  matted 
bv  a  shuttle  carrvinu  the  weft.  There  are 
various  I'orms  for  ditferent  fabrit^  and  ma- 
terials, and  next  to  the  plough  the  Io«>m 
is  tlu'  most  useful  of  machines.  Until  a 
few  vears  thev  were  uniformlv  worked  bv 
hand.  See  Cotton  MANrFA<TfRE,  Silk, 
Fi.  v\,  and  Wkavino,  for  a  description  ol 
various  kinds  of  loruns. 

Mr  .Tofcpli  Keynolds.  of  Providence, 
K.  I.,  has  invented  and  received  a  patent 
fitran  itiijtrovement  in  looms  for  weavins; 
^liawls  ot'  diibniit  patterns,  i:inj?liams, 
a!'««»  I'ari'ets  :iiid  any  kind  f)f  paturn 
L^'od-i.  riie  im]>rovement  is  one  whieh 
should  rceeive  alT'Jition  es].eciallv  from 
those    who    maiiufaeturc    fancy    checked 
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(tartan)  Bhawls — a  kind  of  fabric  which 
nofi  now  become  common  to  every  nation 
in  the  world,  many  beautiful  samples  of 
which  are  now  manufactured  in  Americn, 
and  which  are  greatly  to  be  improved,  as 
desiflrned  by  Mr.  Reynolds.  The  patent 
of  &tr.  Beynolds  states  tliat  ^*  the  object 
and  advantage  of  his  improvement  over 
all  other  plans  in  use,  for  changing  the 
shuttle,  is,  that  his  plan  has  full  control 
of  a  series  of  shuttle  boxes  applied,  either 
to  one  or  both  ends  of  the  lay,  as  may  be 
required,  and  that  pattern  plates  are  used 
to  be  set  to  any  pattern  which  may  be 
designed  in  stripes  j  or,  if  connected  with 
a  Jacquard,  tne  improvement  can  be 
most  judiciously  employed,  to  the  weav- 
ing of  carpets  with  any  kind  of  figures 
made  of  different  colors  of  the  well." 
The  pattern  plates  are  set  according  to 
the  ocsign  or  the  pattern  to  be  woven, 
and  by  their  combination  with  levers  ana 
bell  cranks  to  the  shuttle  boxes,  each 
shuttle  is  moved,  or  kept  in  its  proper 
place,  to  be  moved  when  required  to 
work  out  the  design  of  a  four,  five,  or 
more  different  colors  in  different  shuttles. 
For  example,  if  five  shuttles  are  used, 
and  the  middle  one  is  red  wef\,  while  the 
two  others  on  each  side  may  be  blue, 
green,  orange  and  purple,  the  shuttles 
can  be  changed,  as  set  by  the  pattern 
plates,  to  take  up  the  red  shuttle  or  any 
other  one,  of  the  five,  either  the  middle 
one,  or  poiising  over  fVom  end  to  end  of 
the  whole  set.  The  shuttles  can  also  be 
set  to  vary  in  their  operation  from  a  few 
inches  to  yards,  such  as  wearing  the  bor- 
der of  a  shawl  with  a  few  picks  of  one, 
and  more  of  another  color,  making  stripes 
in  the  weft,  then  the  loom  will  weave  the 
whole  middle  of  the  shawl,  without  a 
change  of  wefl,  to  have  it  all  one  color, 
after  which  the  shuttles  come  into  play 
to  work  out  the  opposite  border.  To 
work  out  patterns  ot  this  kind,  a  lonjf, 
troublesome,  and  expensive  pattern  chain 
is  emploved,  in  looms  at  present  in  use  ; 
this  is  obviated  bv  the  pattern  plates  of 
Mr.  Reynolds,  which  occupy  but  a  small 
space  in  a  snug  box.  An  operative  can 
attend  two  looms,  owing  to  the  loom  not 
requiring  to  be  stopped  to  change  any 
shuttle.  We  have  seen  a  sample  of  goods 
woven  by  this  loom — a  shawl  of  a  good 
fabric  and  well  woven.  A  loom  is  in 
operation  in  Providence. 

LUBRICATION.  The  ollinff  of  the 
joints  and  beftringa  of  machinery  to  di- 
minish friction.  Resin,  oil,  and  lard  oil 
are  substances  which  form  the  basis  of 
the  best  Uibricators.     The  best  instru- 


ment (there  ore  manv  forms)  for  using 
these  lubricating  liquias,  is  a  tin  cup  with 
a  tube  passing  downwards  from  its  bot- 
tom, through  which  a  cotton  wick  runs. 
The  oil  streams  along  this  in  a  current 
suitable  for  application. 

LUTES  are  pa&ty,  or  loamy  and  fatty 
matters,  used  to  keep  the  joints  of  chem- 
ical and  other  apparatus  subjected  to  heat 
tight.  They  differ  according  to  the  na^ 
ture  of  the  vessel  and  operation.  Zinse^d 
meal  made  into  a  paste  with  water,  closes 
very  well  the  joinings  of  glass  vessels. 
Milk,  lime-water,  and  solution  of  glue, 
make  this  a  better  cement. 

Glue,  lime,  and  white  of  egg,  mixed  to- 
gether, form  a  good  cement  for  china  and 
stoneware. 

Cheese  and  lime  also  form  a  lute  for 
similar  purposes. 

Linseed,  pipe-clay,  and  melted  caout- 
chouc form  a  good  lute  for  acid  vapors, 
and  is  always  soft. 

Fresh  flre-cluy  and  ground  fire-bricks 
mixed  together,  form  a  cement  for  cruci- 
bles which  have  to  stand  a  high  decree 
of  heat.  Willis  Ivte  is  1  oz.  of  Borax  m  a 
pint  of  hot  water,  with  slaked  lime  for  a 
paste  :  to  be  spread  with  a  brush,  with  a 
finish  of  slaked  lime  and  linseed  oil.  Iron 
lute  is  1  part  of  sulphur,  2  of  sal-ammo- 
niac, ana  80  of  iron,  rammed  into  ioints. 
Cup  cemefU  is  5  parts  of  resin,  1  of  bees- 
wax, 1  of  red  ocnre.  Srt/t  cetnent  is  yel- 
low wax  and  one  half  of  turpentine,  with 
Venetian  red.  The  most  common  luting 
is  made  by  rubbing  in  a  mortar  fine  clay 
and  linseed  oil,  for  heat;  or  one  of  pipe- 
clay and  three  of  fine  sand  well  kneaded : 
beeswax  melted  with  one  eighth  of  tur- 
pentine does  for  cold  operations.  Glass 
vessels  which  are  truly  ground  can  do 
without  luting,  and  may  be  covered  with 
thin  leather  or  slieet  caoutchouc  which  is 
inipenneable  and  scarcely  acted  upon  by 
vapors. 

LYCOrODIUM  or  Purr  Ball.  A  cr>'p- 
togamous  plant,  whose  seeds  ripen  in 
September:  they  are  used  in  theatres  to 
imitate  flashes  of  lightning,  bv  being 
thrown  across  the  flame  of  a  candle,  when 


]V1aCAR0NI  is  a  dough  made  of  the 
flour  of  superfine  wheat  made  into  a  pipe 
form,  as  thick  as  a  goose-quill.  It  was 
first  prepared  in  Italy,  ana  introduced 
into  commerce  under  the  name  of  Geno- 
ese piusto.  The  wheat  is  ground  into  a 
coarse  flour,  called  ijruan  or  tttmovU  by 
the  French,  under  liijht  millstones  placed 
somewhat  apart.  The  dough  is  made 
from  this  Btmoule.    Se  Vermicelli. 
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MACE  is  the  arillns  or  thick  tonjjh 
coverinicr  of  the  shell  ot'tlic  fruit  of  the 
nutmeg  {niyriMica  moschata).  It  is  of  a 
brown  or  oranjfo  color.  It  ia  first  dipped 
in  brine,  and  then  sun-dried.  It  has  a 
more  agreeable  flavor  than  nutnieir,  and 
has  a  pungent  tai*te.  It  contains  two 
kinds  of  oil,  one  unctuous,  bland  and 
thick ;  the  other  aromatic  and  volatile. 
The  oil  is  nscd  in  medicine,  and  the 
membrane  it-'^clf  in  cookery. 

MACERATION  W  the  pourin?  on  of  a 
quantity  of  cold  water  upon  a  substivnce, 
and  leaving  it  to  stand.  The  temperature 
docs  not  exceed  65^  Fahr. 

Maceration  is  immersion  in  cold  water 
or  spirits.  Digestion  in  hot.  Infusion  is 
in  hot  liquid.  Decoction  is  continued 
heat  or  boiling.  Extract  is  the  evapora- 
tion of  the  water  from  an  infusion  or  de- 
coction. 

MACHINE,  in  a  general  pcnso,  signi- 
fies any  thing  which  serves  to  increase  or 
regulate  the  etiect  of  a  given  force.  Ma- 
chines are  either  sitnjth  or  conipoumi. 
The  simple  machines,  otherwise  called 
the  Himph  iii4i<luini<:al  poinrs^  are  usually 
leckoned  six  in  number;  namely,  the 
kifr,  tbo  u/itHand  axh\  the  ^^'dh//,  the 
n>d(/e^  the  *<*/-f«\  and  tha  fun iculur  ma- 
chine.    See  the  respective  terms. 

Compound  mnchiiies  are  formed  by 
combining  two  or  more  simple  macliines. 
Thev  are  classed  under  dillereiit  denom- 
inations, according:  to  forces  by  wliich 
they  are  put  in  motion,  as  lit/'haul',,'  \\n\- 
vhlncH,  jt/uta/hitir  maehini-s,  (Ix'tiicul  nm- 
ehines,  tVrc,  ;  ortiie  purposes  they  are  in- 
tended to  Serve,  a>  ;/////Ar/'y  maeliines,  ar- 
chitfi't iit'itl  nuiehines,  Slv. 

AltliouLrh  tiiere  are  no  limits  to  the 
combination  and  a-laptations  of  niaeliin- 
ery,  there  are  certain  irencial  priiieij-Ies 
wliioh  may  be  ajiolied  in  e>liinalinir  tlie 
etVeets  of  any  niaehine  whatever.  When 
n  nnu-hine  attains  its  .state  oi'  unil'i.nn  mo- 
tion, the  momentum  of  the  power  is 
equal  to  thnt  of  the  re.-i>taneo.  und  is  the 
Famctliat  would  lie  in  '<i>ii}thri,,  with  the 
resistan«-e  if  there  were  n«>  motion  at  all. 
Fn.m  tills  principle,  and  from  tin;  consi- 
deration that  in  all  niaehines  the  work 
done  is  to  be  estinuited  not  merely  fioiu 
tiie  quantity  ol■re^Utanee  which  is  o\er- 
eoiiu',  hut  from  the  .luantity  overcome  in 
a  L'iven  time,  we  e;in  ascertain  tlic  relation 
that  (tiiLrht  to  siil»isl  between  the  \(!o- 
I'lty  and  the  I.. ad  or  re--i^tai.ee.  in  or-icr 
that  the  ellect  of  the  machine  may  lie  u 
niaxinnnn.  This  ma\innnii  t  IlVct  is  iiro- 
duoed  wiien  the  two  following  eont.litions 
tire  fulfilled:   1.  When  the  load  or  resist- 


ance 19  abont  four  ninths  of  that  which 
the  power,  when  fully  exerted,  is  jnst 
able  to  balance,  or  that  which  wonld  keep 
the  machine  at  rest  altogether;  and,  2, 
when  the  velocity  of  thfit  part  of  th^  ma- 
chine to  which  the  power  is  applied  is 
one  third  of  the  greatest  velocity  of  the 
power.  These  conditions  are  deduced 
irom  the  following  empirical  expres.-*ion, 
which  is  adopted  by  Euler  and  other 
writers  to  represent  the  law  of  the  mov- 
ing power :  Let  P=the  power  applied  » or 
weight  which  the  power,  when  fully  ex- 
erted, is  just  able  to  overcome) ;  K=the 
resistance,  or  load,  or  weight  to  be  over- 
come ;  cthe  greatest  velocity,  or  that  at 
which  the  power  ceases  to  'act ;  €=any 
other  velocuy :  then  the  law  of  the  mov- 
ing' power  is 

E=p(l-f) 

tlic  variables  in  this  expression  are  R  and 
Ty  and  tlie  efi'eet  is  representcA  by  the 
product  R  V :  on  making  which  a  maxi- 
mum, the  rides  of  the  ditferential  esdeu- 
lus  give  v—\  c;  whence  the  formula  be- 
ctmies  K=4-ltths  P. 

From  these  expressions  it  follows,  that 
when  the  moving  power  and  the  resist- 
ance are  Ix^th  given,  if  a  machine  be  so 
C'Uistrueted  that  the  veloeitv  of  the  pjirt 
to  which  the  power  is  applied  is  to  the 
vek»eity  of  the  part  to  which  the  resist- 
ance is  applied  m  the  ratio  of  i)  R  to  4  P, 
the  effect  of  ll'.e  nuichine  will  be  a  maxi- 
mum, or  it  will  work  to  the  greatest  pos- 
sil>Ie  advantage.  The  above  tK»nditjons 
apply  equally  to  machines  impelled  by 
animal  force  ami  the  agents  of  nature,  as 
running  water,  steam,  the  force  of  gravi- 
ty. tVe.  An  animal  exerts  itself  to  the 
LTcatest  advantage,  or  jierforms  the  great- 
est tpiantity  of  work  in  the  least  tiuje, 
wiien  it  moves  with  about  one  third  of 
the  utmost  speed  witii  which  it  is  capalile 
of  moxing,  andisU)aded  with  liuir  ninths 
of  the  Lrreate^t  load  which  it  is  capable  of 
putting  in  motion.  It  has  been  supposed 
in  the  above  remarks  that  the  friction  of 
the  jiarts  of  the  machine  is  included  in 
the  resistance. 

M M  1 1  IN  KKY.  The  utility  of  nmchin- 
ery  coi;>ists  in  the  addition  whicli  it 
makes  to  human  power.  The  forces  de- 
ri\e<l  tVom  wind,  water,  and  steam,  are 
so  many  adilitions  to  liuman  power,  and 
the  total  inanimate  force  tiius  obtained 
in  (ircat  Ihilain  lias  hecU  calculated  by 
J)upin  to  he  e<iiiul  te  'jo.ooo.Ooo  laborers. 
Instead  of  Working  himself,  man  makes 
nature  work  tor  him,  and,  in  that  degree. 
ou'^ht  to  be  enabled  to  live  as  well,  and 
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work  less  himself.  The  effect  ought,  in 
this  respect,  to  ease  the  whole  coiniiiu- 
nity,  or  it  ceases  to  bo  an  advantage.  On 
the  contrivance  of  every  new  tool,  human 
labor  is  abridged.  The  man  who  con- 
trived rollers  quintupled  his  power  over 
brute  matter.  A  tool  is  usually  a  more 
simple  machine,  and  generally  used  by 
the  nand;  a  machine  is  a  complex  tool,  a 
collection  of  tools,  and  frequently  put  in 
action  by  inanimate  force.  All  inachines 
are  intended  either  to  produce  power,  or 
merely  to  transmit  power  and  execute 
work.  All  the  mechanical  powers  are,  in 
effect,  levers. 

In  the  wheel  and  axU^  the  wheel  is  the 
lon^  arm,  the  axle  the  short  arm,  and 
their  ratio  or  division  is  the  power. 

In  the  pulley^  one  gives  no  power,  but 
two  gives  double  the  velocity  of  the 
power;  three  treble,  and  so  on,  exactly 
on  the  lever  principle. 

The  inelinM  plane  operates  as  a  lever, 
because  tlio  distance  moved  on  the  plane 
is  greater  than  the  height  gained ;  hence, 
the  power  is  as  the  length  of  the  plane  to 
the  neight. 

The  wetlge  is  another  lever,  on  the  same 
principle  as  the  inclined  plane,  but  varied 
m  power  by  resistance. 

The  screw  \9  a  lever  in  which  the  power 
moves  through  the  entire  circumt'erencc, 
while  the  obstacle  moves  only  through 
the  distance  of  the  threads. 

Friction  diminishes  the  results,  but,  in 
general,  a  fourth  or  fifth  more  power  is 
applied  than  the  calculation  demands,  to 
compensate  for  friction,  and  other  causes 
of  loss  of  power. 

When  two  bodies  balance  each  other 
by  means  of  anv  muchinc,  and  are  then 
made  to  move,  the  product  of  each  into  ' 
its  velocity,  i.  e.  the  quantities  of  motion  ' 
or  momentum  asconaiiig  or  descending 
perpendicularly  will  be  ecjual. 

The  quantity  of  power  in  motion  is  the 
velocity  multiplied  into  the  quantity  of 
matter  or  number  of  atoms.  Thus,  a 
cubic  inch  of  lead,  moving  1  yard  per 
second^  has  a  momentum  of  1;  and  2 
cubic  inches  a  momentum  of  2 ;  or  1, 
moved  2  yards,  a  momentum  of  2.  But 
a  cubic  inch  of  stone,  but  half  the  density 
of  lead,  would,  in  yard  per  second,  have 
but  half  the  momentum  of  the  lead,  and 
two  cubic  inclies  of  buch  stone  must 
move  twice  as  fast  as  the  lead,  to  have 
the  same  force  or  momentum. 

Hence,  universally,  velocity,  bulk,  and 
density,  must  be  multii)lied  tot^^ether  for 
momentum  ;  and,  if  we  diminish  one, 
we  must  increase  one  of  the  two  others, 


or  both,  to  have  the  same  momentum. 
Animal,  or  other  force,  often  stands  for 
bulk  and  density,  and  then  these  must 
be  varied  as  velocity. 

As  we  increase  velocity,  with  the  same 
power  we  increase  monientum  ;  and,  as 
we  decrease  velocity,  we  must  increase 
power,  to  tret  an  equal  momentum. 

This  is  the  founclation  of  all  mechanical 
science  and  practice,  however  varied  or 
complicated ;  and  this  principle  being  un- 
derstood^ we  naay,  by  the  aid  of  common 
arithmetic,  be  able  to  pursue  every  use- 
ful mechanical  object. 

It  sometimes  happens,  as  in  chemistry, 
that  the  power  is  invisible  j  but,  in  these 
cases,  if  there  is  power,  it  is  not  the  less 
matter  and  motion.  Invisible  atoms  are 
concentrating,  or  are  dispersing,  or  are 
moving  one  among  another  in  such  cases. 
"\Vo  olten  understand  their  action,  and 
sometimes  do  not ;  but  our  ignorance,  in 
particular  cases,  creates  no  alteration  in 
the  general  laws  of  nature. 

To  determine  the  relative  velocity  of  a 
body  moving  in  any  angle  from  the  direc- 
tion of  the  moving  force,  multiply  the 
velocity  conferred  by  the  moving  force  by 
the  natural  cosine  of  the  angle,  and  the 
product  is  the  velocity  in  the  angular  di- 
rection. And,  to  find  the  perpendicular 
distance  of  tlie  two  lines,  multiply  the 
angular  velocity  by  the  sine  of  the  angu- 
lar deflection,  and  the  product  is  that 
distance.  The  relative  lengths  of  the  three 
lines  is  the  measure  of  the  force  in  each. 
In  cases  of  double  or  more  forces,  if 
lines  are  drawn  from  one  another  to  rep- 
resent all  the  forces  at  their  angles,  the 
resultant  force  is  the  line  which  completes 
the  flifure. 

Wlien  the  work  to  be  done  requires 
more  force  for  its  execution  than  can  be 
trcnerated  in  the  time  nccessarv  for  its 
conijilction,  recourse  must  be  had  to  a 
fly-wheel,  which  is  a  wheel  having  a 
luMivv  rim,  so  that  the  greater  part  of  the 
weight  is  near  the  circumference.  An- 
other method  consists  in  raising  a  wci<rht, 
and  then  allowing  it  to  fall.  And  another 
in  condensing  air,  by  great  force,  and 
then  using  its  expansive  force  as  required. 
Uniformity  in  the  motion  of  machinery 
is  essential.  The  governor,  in  the  steam- 
engine,  and  a  vane  or  fly  of  little  weiL'ht, 
but  lartjo  surface,  which  revolves  rapidly, 
and  soon  acquires  a  uniform  rate  l>y  the 
rc^i.'^tance  of  the  air,  are  contrivances  for 
Bteadyiug  power. 

Jtunast  of  v< lociff/  is  ettVcted  by  a  band, 
passing  round  a  laige  wheei,  and  then 
round  a  small  spindle. 
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DiminvHon  of  velocity  is  effected  by 
Bvstema  of  puWeys,  or  by  transmission 
throiiifh  a  nambcV  of  wheels. 

Sprcudin^  the  action  of  a  force  exerted 
for  a  few  minutes  over  a  large  time,  is  one 
of  the  most  useful  employments  of  ma- 
chinery, and  the  half  mmute  which  we 
spend  in  winding  up  a  watch,  is  an  ex- 
ertion of  force  which,  by  the  aid  of  a/ew 
wheels,  is  spread  over  24  hours. 

Machinery  affords  a  sure  means  of  rem- 
edying? the  inattention  of  humnn  aj^ents, 
by  instruments ;  for  instance,  for  count- 
insr  the  strokes  of  an  engine,  or  the  num- 
ber of  coins  struck  in  a  press.  The  trll- 
talfy  a  piece  of  mechanism  connected  with 
a  dock,  in  an  apartment  to  which  a  watch- 
man has  not  acee^Hs,  rcveuls  whether  he 
has  nciflccted,  at  any  hour,  to  pull  a  string 
in  token  of  his  vigilance. 

The  precision  with  which  all  operations 
are  executed  by  machinery,  and  the  exact 
similarity  of  the  articles  made,  produce 
economy  in  the  consumption  of  all  raw 
materials. 

The  accuracy  with  which  machinery 
executes  its  work  is,  perhaps,  one  of  its 
most  important  advantage!*.     It  would  ' 
hardly  be  possible  for  a  very  skilful  work- 
man, with  flies  and  polishing  substances,  , 
to  form  a  perfect  cylinder  out  of  a  piece  I 
of  steel;  but  this  process,  by  the  aid  of 
the  lathe  and  the  sliding-rcst,  is  the  every- 
day employment  of  hundreds  of  workmen. 

'The  objections  to  muchincry  arise  from 
the  faulty  dirttrihution  of  its  benefit?*  to 
fioeictv,  and  tlie  neirleet  and  injiistiee  of 
not  fairly  indeinnifyinL'"  lliose  wjjose  skill 
and  capital  is  destroyecl  by  new  iiiveiilions. 

Maeliinery  is,  therelore,  iti  the  ])rodiK'- 
tion  of  cheap  manufactures  for  exporta- 
tion, and  even  for  home  consumption,  to 
be  regarded  as  a  public  benefit.  But 
there  are  two  parties,  in  rciraril  to  the  ad- 
vantages and  disadvantaires  of  niachinerv. 
The  political  economists,  wlio  consider 
society  in  the  abstnict.  and  look  tf)  l^mic- 
ral  results,  are  partisans  of  all  means 
which  produce  at  the  least  cost,  and,  tliere- 
forc,  onnachinery.  So,  alsf>,  inventors,  or 
their  assignees,  who  manufacture  cheap, 
and,  for  a  time,  sell  at  the  estaltli^luri 
price,  or  with  such  small  ahitciufut  of 
the  manual  price  as  secures  the  nuirkct, 
thereby  making  v:ist  ]»rofits.  Tiul  the 
working  artisan,  who,  by  a  niacliiin^,  is 
thrown  out  of  an  etnjiloyment  l»y  whicli 
he  and  his  foret'ithers  have  IoulT  suhsi>it- 
**'!,  and  other  nvuiut'in'turi'i-*,  who  find 
themselves  >i;idersol  1  and  their  trade  de- 
Btroycd,  are  enemies  of  all  new  ?na<hiii<rv. 
The  one  is  unahlc  to  learn  a  new  trade. 


or  to  excel  in  it  in  the  maturity  or  dedine 
of  life,  and  has  no  reserved  capital,  on 
which  to  subsist  in  the  intermediate  po- 
riod;  and  the  other,  having  embarked 
his  capital  in  peculiar  oonnectiona,  flnda 
it  difficult,  ana  even  impoeaible,  to  with- 
draw  it  and  establish  any  new  and  pro- 
fitable business — so  that  the  first  are  gen- 
erally reduced  to  pauperism,  and  the  lat- 
ter to  bankruptcy,  it  is  with  eacli  an 
individual — a  personal  affair,  for  which 
there  is  no  compensation  in  the  general 
benefit  arising  to  the  community,  or  in 
the  aggrandizement  of  the  inventor. 
Nevertheless,  the  community  do  benefit 
immediately  and  remotely,  and  it  is,  there- 
fore, contended,  that  the  community  are 
thereby  qualified  to  indemnify  the  imme- 
diate sufferers,  and  that  laws  and  arrange- 
ments ought  to  be  made,  so  as  to  effect 
this  just  and  desirable  purpose.  This 
would  reconcile  the  conflicting  interests ; 
inventions  would  then  be  more  numerous 
and  better  encouraged,  and  a  fiiir  and 
reasonable  compensation  from  the  pnblio 
stock  would  reconcile  all  parties  to  the 
progress  and  inventions  of  machinery. 

MADDER  (Kubia),  a  genus  of  plants 
including  an  extensive  family,  of  which 
the  (falium  or  bedstraw  is  one  which 
closely  resembles  it  in  many  properties. 
Fitteen  species  of  it  are  known,  but  only 
one  is  indigenous  in  the  United  States — 
the  Ji.  Brown ii.  which  grows  in  Florids. 
Oeorgia,  and  Jamaica.  R.  Tinctoria  is 
the  most  important,  on  account  of  the 
fine  M^irlet  color  imparted  by  its  roots, 
and,  it  is  so  esscntiul  to  ciilico  printers, 
thai  thev  could  not  carry  on  their  busi- 
ncss  without  it.  Holland  grows  it  very 
largely,  and  importations  of  it  from  there 
occur  in  every  civilized  country.  France 
though  it  grows  some,  yet  imports  more 
tVom  the  Levant.  From  its  great  con- 
sum  jtt  ion  here,  it  has  become  an  object 
to  introduce  its  growth  and  cultivation 
into  this  country,  and  successful  effort.** 
have  been  made  by  spirited  individuals. 
Tlie  value  of  madder  nnported  into  this 
country  is  considerable,  and  if  the  article 
is  well  preparcil,  there  seems  no  reiusou 
to  douht  that  it  would  find  a  ready  mar- 
ket. Matlder  was  succcsstV.lly  introduced 
inio  Fiance  one  hundred  years  r*inci«,  bv 
•lean  Althcn,  a  Persian,  to  whom  a  sUitiie 
is  to  he  ere<'tcd.  This  ]>lant,  it  is  said, 
now  returns  to  France  nearly  2ri,«M"»(»,0i>«> 
francs,  or  *.'),0()(),o()i)  per  annum.  The 
amoniit  of  the  madder  crop  varies  greatly 
one  year  with  another,  and  it  is  tlitticult 
to  give  the  mean  crop.  A  hectare  it  is 
said,  in  a  well  manured  ground  and  in 
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fiivorable  draumstanoes  of  temperature, 
will  produce  5,000  killo^rammes  of  dry 
roots,  while  in  unfavorable  circumstances 
it  will  not  yield  more  tlian  one-balf  or 
one-fourth  of  this  amount.  A  kilogramme 
is  equal  to  2  lb.  2  oz.  From  the  oom- 
inenoement  of  the  present  century,  the 
greatest  crops  are  stated  not  to  exceed 
25,000  quintals  by  measure,  and  the  least 
about  10,000  to  12,000. 

The  average  amount  per  annum  of 
madder  imported  into  this  oountrv,  as 
appears  by  returns  procured  at  the  1?rea- 
aury  Department,  from  1845  to  1847,  is 
about  6,110,000  pounds,  and  in  value, 
about  $600,000.  The  value  given  is  be- 
lieved, however,  to  be  too  low,  as  it  falls 
below  the  usual  wholesale  market  price, 
one-quarter  if  not  one-half. 

Mr.  Joseph  Swifl,  of  Buckingham, 
Ohio,  in  proDttbly  the  most  extensive  cul- 
tivator or  madder  in  the  Union.  His  first 
crop  was  harvested  in  the  fall  of  1842, 
after  being  allowed  four  seasons'  growth, 
and  produced  at  the  rate  of  2000  pounds 
per  acre. 

Tlie  amount  of  labor  required,  includ- 
ing the  preparation  of  land,  planting,  cul- 
tivating, oigging,  cleaning,  threshing, 
&c.,  was  from  eighty  to  one  hundred 
days'  work  per  acre  (including  team 
work).  The  outlay  for  buildings,  fixtures, 
(fee,  did  not  exceed,  in  all,  fl^y  dollars. 

The  value  of  the  crop  was  at  the  rate 
of  fifteen  cents  iper  pound,  at  which  price 
he  sold  most  or  it,  notwithstanding  the 
circumstance  of  its  being  unknown  to 
purchasers,  and  having  to  encounter  tlio 
prejudice  tnat  usually  exists  in  sucli  cases. 

The  result,  then,  in  figures,  fairly 
stated,  stands  thus,  for  an  acre  of  good 
laud  properly  managed : 

By  2000  ponnds  of  madder,  at  15  cents 

per  poand, $300  00 

Contra—To  100  days'  work 

at  75  cents  per  day, $75  00 

Use  of  land  4  yean  at  $4  per 

year, 16  00 

Grinding,  packing,  Ac. 9  00 

100  00 

Leaving  a  net  profit  per  acre  of. .  $200  00 

The  auality  of  this  madder  was  pro- 
nounced superior  to  most  of  the  import- 
ed ;  and  no  difficulty  was  found  in  yelling 
it  wherever  it  became  known.  The  price 
of  madder  in  the  western  cities  (jmd  also 
at  the  cast,)  has  varied  during  the  past 
five  vears,  from  14  to  18  cents  per  pound  ; 
the  better  qualities  often  selling  at  18  to 
20  cents,  at  wholeviale. 

The  yifl/l  per  a/'re,  Mr.  8.  is  now  oon- 
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vinood,  can  be  increased  to  8000  Ibe. ;  and 
it  is  better  to  harvest  the  crop  at  the  end 
of  three  ^rears'  growth,  than  to  allow  a 
longer  period.  This  plan  wUl  of  course 
nearly  double  the  pronts. 

Madder  has  been  grown  BuocessfuIIy 
by  Mr.  Oilm,  a  resident  of  Long  Island. 
The  crop  does  not  require  much  atten- 
tion. For  the  first  year,  it  must  be  well 
wed  and  hoed  lightly  in  summer ;  in  the 
second  year^  hoeing  in  spring,  summer, 
and  fall ;  third  year,  the  same  repeated, 
and  earthing  up  the  roots  of  the  plants, — 
at  the  close  of  tne  third  year  the  crop  may 
bo  harvested:  after  this,  if  left  in  the 
ground,  it  loses  its  strength.  The  roots 
are  then  largest  and  fullest  of  coloring 
matter.  To  raise  them,  a  trench  is  dug 
round  the  roots,  the  earth  loosened,  ana 
the  whole  roots  of  one  plant  raised  to- 
gether ;  these  often  weigh  40  lbs. :  this 
diminishes  bv  drying,  to  three-fourths  of 
its  weight.  Sometimes  madder  is  grown 
by  settmg  out  the  roots.  Twenty  thou- 
sand plants  are  allotted  to  an  acre.  Boots 
the  size  of  a  quill  are  esteemed  most,  or 
not  bigger  than  the  little  finger.  After 
being  picked  it  must  be  dried  previous  to 
grinding  and  preservation.  In  hot  cli- 
mates air-drying  is  used ;  stoves  are  used 
in  Holland.  The  madder  from  Holland 
is  most  esteemed,  and  it  is  cultivated  in 
that  countnr  to  a  great  extent.  In  pow- 
der, it  is  of  an  orange-brown  color,  but  is 
liable  to  become  damp,  and  to  be  spoiled, 
if  kept  in  a  moist  place. 

Madder  is  usea  for  dyeing  woollen, 
silk,  and  also  cotton  goods,  and  the  color 
is  very  lasting,  and  resists  the  action  of 
the  air  and  sun.  Within  a  few  years,  a 
method  has  been  discovered  of  rendering 
the  red  exceedingly  brilliant  ond  ap- 
proaching to  purple.  It  also  forms  a  tint 
for  several  other  shades  of  color :  it  has 
the  curious  properties  of  tinging  the 
bones  red  of  those  animals  wliich  feed 
upon  the  roots. 

It  appears  that  madder  may  be  consid- 
ered as  composed  of  two  coloring  sub- 
stances, one  of  which  is  dun  (tawny), 
and  the  other  is  rod.  Both  of  these  sub- 
stances may  combine  with  the  stuff.  It 
is  of  consequence,  however,  to  fix  only 
the  rod  part.  The  dun  portion  appears 
to  be  more  soluble,  but  itsfixitvon  stuffs 
may  possibly  be  increased  by  t'lie  affinity 
whicii  it  has  for  the  red  portion. 

The  different  additions  made  to  mad- 
der, and  the  multiplied  ]>roocsHes  to 
which  it  is  sometimes  exposed,  have  pro- 
bably this  8oparation  for  their  chief  ob- 
ject.' 
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The  red  portion  of  madder  is  boluble, 
but  in  Bmall  quanlity,  in  water.  Heneo 
but  a  limited  eoaceuiration  can  be  ^iveu 
to  it«  solution.  It'  the  portion  ot  this 
BubsUince  be  too  much  increai»ed,  so  tiir 
from  obtaininiar  a  greater  effect,  we  merely 
augment  the  proportion  ot'  the  dun  part, 
which  is  the  more  soluble  of  the.  two. 

In  cont«equenee  of  the  Societe  Indus-  : 
trielle  of  Mulhausen  liavinar  otfered  in  tiie 
year  1826  large  prcmiuuiB  to  tlie  authors 
of   the   best   analytical   investigation   of 
madder,  eight  memoirs  were  transmitted  , 
to  it  in  the  year  1827.     They  were  ex- 
amined with  the  greatest  care  by  a  com-  , 
mittee  consisting  of  able  scientific  and  . 

Eractieal  men.  None  of  the  competitors  \ 
owever  fulfilled  the  conditions  of  the  ! 
programme  issued  bv  the  society ;  but 
four  of  them  received  a  tribute  of  esteem 
and  gratitude  from  it;  MM.  Kobi.piet 
and  Colin  at  Paris,  Kuhlmann  at  Lille, 
and  Houton-Libillardicrc.  Fresh  pre- 
miums were  otfered  for  next  year,  to  the 
amount  of  2000  francs.  , 

Every  real  discovery  made  concerning 
this  precious  ro(»t,  would  be  of  vast  con- 
sequence  to   dyers   and    calico-printers. 
Both  M.  Kuhlmann,  and  Kobiqiiet  and 
Colin,  conceived  that  they  had  discovered 
a  new  principle  in  madder,  to  which  they 
gave  the  name  nlizari/w.     The  latter  two 
chemists  treatetl  the  powdered  nia<lder 
with  sulphuric  acid.  tuKing  cure  to  let  it 
heat  as  littU^  as  p<t->sil)Ic.     15y  tiii.-i  action 
the  wholu  is  carooiii/.i-d,  except  perhaps 
the  red  mutter.     The   charco;il  this  o re- 
tained is   pulverized,  niixctl  with  water, 
thrown  upon  a  filter,  and  we!!  washed  in 
the  cold.      It  is  next  dried,  LTuiuid,  and 
dilfiised  throuirii  fifty  parts  of  water,  eon- 
taininu'  :iix  [>arts  of  alum.     Tlii>^  luixturo 
is  then  boile<l  for  one  <}iiartcr  ut"aii  hour, 
and  thrown  ii])(>n  a  filter  cloth  wliile  boil- 
ing  hot,      Tlio    rosiduutn  is  once   more 
trcatt'd  with    a   little  warm   alum  Avuter. 
The  two  li.juor-*  are  to  be  inixe-i,  and  one 
part  of  siiljiliuri<'  ueid  poun-d  into  tlieni  ; 
when  they  are  allowed  to  conj  witli  ocea- 
flioiial  a-ritati'Mi.     FltM-ks  now  make  their 
appearance  ;  the  clear  liquid  is  decanted, 
and  the  grounds  are  thrown  upon  a  lilter. 
The  jirceipitate  is  to  be  washed,  lir>t  with 
acidulated  water,  then  with  ])urc  water, 
and  dried,  when  the  coloriiiLf  matter  is 
obtaine<l  in  a  red  <»r  purple  state.     This 
purph"  siil.stance,  when  heated  dry,  L'ives 
out  alizarine,  and  an  einpyrcutnatic  oil, 
luiviuir  an  odor  «>f  animal  matter;  while 
a  chareoally  matfrr  remuin>*. 

M.  Dan.  Kieehlin.  the  ju>«tlv  celebrated 
calic'"*  print«-r  <»f' Mnlluiiisi-n.   has  ti<>  t'aith 


in  aliauine  as  the  dyeing  prindple  of 
madder ;  and  thinks  moreover  that,  were 
it  of  vslue,  it  could  not  be  extracted  on 
the  great  scale,  on  account  of  the  destmo- 
tive  heat  which  would  result  from  the 
acid  actin:?  upon  a  considerable  body  of 
the  ground  madder.     Their  alizarine  is 
not  a  uniform  substance,  as  it  ought  to 
be,  if  a  proximate  principle  ;  for  samples 
of  it  obtained  in  ditferent  repetitions  of 
the  process  Imve  produced  very  variable 
effects  in  dyeing.    The  madders  of  Avig- 
non, thougn  richer  in  color  than  those  of 
Alsace,  afford  however  little  or  no  aliza- 
rine.   In  fact,  fmrpurine^  the  crude  sub- 
stance from  which  thev  profess  to  extract 
alizarine,  is  a  richer  dye  than  this  part 
substance  itself. 

Madder  contains  so  beantiftil  and  so 
fast  a  color,  that  it  has  become  of  almost 
universal  employment  in  dyeing;  but 
that  color  is  accompanied  with  so  many 
other  substances  which  mask  and  de- 
grade it,  that  it  can  be  brought  out  and 
fixed  only  after  a  scries  of  operations 
more  or  less  difficult  and  precarious. 
This  dye  is  besides  so  little  soluble,  that 
much  of  it  is  thrown  away  in  the  dye- 
house;  the  portion  supposed  to  be  ex- 
hausted being  often  as  rich  as  other  fresh 
madder;  hence  it  would  be  a  most  valu- 
able improvement  In  this  elegant  art  to 
insulate  this  tinctorial  body,  and  make  it 
a  new  product  of  manufacture. 

According  to  Woltl'and  A.  Streeker  tlie 
Composition  of  these  two  substances  is, 

Alizarine C  »  11  •  O  • 

rurpurine C«H«0« 

Purinirine  furnishes,  like  alizarine,  all 
the  colors  ]>roduced  bv  madder.  It  may 
be  separated  from  alizarine  by  a  boiling 
Sitliuion  of  alum,  in  which  it  dissolves: 
with  jxitusli  it  gives  a  currant  red  solu- 
tion, while  alizarine  gives  a  blue  by  re- 
flected, und  a  ])urplel)y  transmitted  liirbt. 
Both  are  conscrted  bv  nitric  .acids  into 
phtalic  and  oxalic  acicfs.  When  madder 
is  lernientcd  by  yeast  only  purpurine  c:in 
be  tlete<'ted.  The  alizjirinc  being  con- 
verted into  that  substance  with  the  evo- 
lution of  carbonic  acid  and  hydrogen. 
Seiiunek  has  demonstrated  the  pre>cn«."0 
of  a  Itiitcr  substance  called  by  him  rubian  : 
it  is  not  a  c<>lorin«r  matter  itsclt',  but  is  in 
s<»ine  wav  connected  with  the  producti«.«n 
of  the  eol(«rin(;  ]»rincij.les.  It  is  a  hard, 
drv.  brittle,  sliining  substance,  like  ^um 
sohible  in  wnter  and  alchohol.  \Vlien 
aeted  on  by  sulphuric  and  hy<lr<»doric 
ucidn  the  products  (»f  the  decomposition 
nre :   -I,  .Tli/arin*':    2,  veruntine;    8,  ru- 
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biretine;  4,  rabianine.  Schnnck  believes 
that  alizarine  and  verantino  form  with 
alumina  a  compound  soluble  in  boiling 
water,  which  is  identical  with  purpurlne. 
It  is  a  curious  fact  that  madder  grown 
on  ground  deficient  in  lime  will  not  give 
much  coloring  matter,  but  when  the 
ground  has  been  well  limed  an  abundance 
of  red  coloring  matter  is  produced. 

By  digesting  powdered  madder  in 
water,  and  actmg  upon  the  jelly  like 
solution  thus  obtained,  by  boiling  al- 
cohol, an  extract  is  afforded,  which,  at  a 
subliming  heat,  yields  the  proper  red 
coloring  matter,  or  alizarine.  Or 
ground  madder  may  be  treated  dircct- 
lY  with  boiling  alcohol  j  and  to  the  solu- 
tion dilute  sulphuric  acid  is  added,  which 
precipitates  the  alizarine  in  a  copious 
orange  precipitate.  Another  principle, 
xantAin^f  is  obtained  f^om  a  fawn-yeltow 
matter,  soluble  in  alcohol  and  water,  by 
precipitation  with  oxide  of  lead,  washing 
the  precipitate  with  alcohol,  and  extract- 
ing the  color  with  sulphuric  acid.  It 
has  an  orange  green  tint,  and  a  saccha- 
rine taste.  It  is  believed  that  xanthine 
prevails  in  the  rose  colored  tints  of  mad- 
der, and  is  absent  in  the  violet. 

Tfhe  red  mordants  are  prepared  com- 
monly in  Alsace,  as  follows: — The  crush- 
ed alum  and  acetate  of  lead  being 
weighed,  the  former  is  put  into  a  deep 
tub,  ana  dissolved  by  adding  a  proper 
quantity  of  hot  water,  when  about  one 
tenth  of  its  weight  of  soda  crystals  is  in- 
troduced to  saturate  the  excess  of  acid  in 
the  alum.  The  acetate  of  lead  is  now 
mixed  in ;  and  as  this  salt  dissolves  vciy 
quickly,  the  reaction  takes  place  almost 
instantly.  Care  must  be  taken  to  stir  it  for 
an  hour.  The  vessel  should  not  be  covered, 
lest  its  contents  should  cool  too  slowly. 

Much  mordant  should  not  be  prepared 
at  once,  for  sooner  or  later  it  win  deposit 
some  sub-acetate  of  alumina.  This  de- 
composition takes  place  even  in  corked 
violb  in  the  cold  ;  and  the  precipitate  does 
not  readily  dissolve  again  in  acetic  acid. 
All  practical  men  know  that  certain  alu- 
minous mordants  are  decomposed  by 
lieating  them,  and  restored  on  cooling. 
Gay  Lussac  observed,  that  by  addinj^  to 
pure  acetate  of  alumina,  some  alum  or 
sulphate  of  potash,  the  mixture  acipiircs 
the  property  of  forming  a  precipitate  with 
a  heat  approaching  the  boiling  point,  and 
of  re-dissolving  on  cooling.  The  pre- 
cipitate is  alumina  nearly  j)ure,  accord- 
ing to  M.  Gay  Lussac ;  but,  by  M.  Ku  ch- 
lin^s  more  recent  researches,  it  is  shown 
to  be  siib-sulphnte  of  alumina,  containing 


eight  times  as  much  base  as  the  neutral 

sulphate. 

Madder  dye. — On  account  of  the  feeble 
solubility  ot  its  colorings  matter  in  water, 
we  cannot  dye  with  its  decoction ;  but 
we  must  boil  the  dye-stuff  along  with  the 

goods  to  be  dyed ;  whereby  the  water 
issolves  fresh  portions  of  the  dye,  and 
imparts  it  in  succession  to  the  textile 
fibres.  In  dyeing  with  madder,  we  must 
endeavor  to  fix  as  little  of  the  dun  matter 
as  possible  upon  the  cloth. 

Dyeing  on  wool. — Alumed  wool  takes, 
in  the  madder  bath,  a  red  color,  which 
is  not  so  bright  as  cochineal  red,  but  it  is 
faster ;  and  as  it  is  far  cheaper,  it  is  much 
used  in  England  to  dye  soldiers'  cloth. 
A  mordant  of  alum  and  tartar  is  employ- 
ed ;  the  bath  of  madder,  at  the  rate  of 
from  8  to  16  ounces  for  the  pound  of 
clothj  is  heated  to  such  a  degree  that  we 
can  just  hold  our  hand  in  it,  and  the 
goods  are  then  dyed  by  the  wince,  with- 
out heating  the  bath  more  till  the  color- 
ing matter  be  fixed.  Vitolis  prescribes  as 
a  mordant,  one  fourth  of  alum,  and  one 
sixteenth  of  tartar;  and  for  dvcing,  one 
third  of  madder,  with  the  addition  of  a 
24th  of  solution  of  tin  diluted  with  its 
weight  of  water.  He  raises  the  tempera- 
ture in  the  space  of  an  hour  to  200°,  and 
afterwards  he  boils  for  8  or  4  minutes  ;  a 
circumstance  which  is  believed  to  con- 
tribute to  the  fixation  of  the  color.  The 
bath,  after  dyeing,  appears  much  loaded 
with  yellow  matter,  because  this  has  less 
affinitv  for  the  alum  mordant  than  the 
red.  Sometimes  a  little  archil  is  added  to 
the  madder,  to  ^i  ve  the  dye  a  pink  tinge ; 
but  this  is  tugitxve. 

Silk  is  seldom  dyed  with  madder,  be- 
cause cochineal  affords  brighter  tints. 

Dytinij  on  coiton  and  linen. — The  most 
brilliant  and  fastest   madder  red  is  the 
Turkey  or  Adrianople.      The   common 
madder  rods  are  given  in  the  following 
way : — The  yarn  or  cloth  is  boiled  in  a 
;  weak   alkaline   bath,  washed   dried  and 
galled,  by  steejun^  the  cotton  in  a  decoc- 
tion of  bruised  gulls  or  of  sumach.    After 
drying,   it  is  twice  alumed;    for  which 
purpose,  for  every  four  parts  of  the  goods, 
one  part  of  the  alum  is  taken,  mixed  with 
l-16th  of  its  weight  of  chalk.     The  goods 
are  dipped  into  a  warm  solution  of  the 
,  alum,    wrung  out,   drieil,    and    alumed 
I  afresh,  with  half  the  quantity.     The  ace- 
tate    of    alumina     niordaut,     described 
above,  answers  nnich  belter  than  cotn- 
mou  alum  for  cotton.     Al\er  the  goods 
are  dried  and  rinsed,  thev  are    passed 
,  through  the  dye -bath,  wlilch  is  formed 
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of  I  lb.  or  good  nuddar  Tor  every  poaiid  HolXrhoff   procribei,    tor    ordinu; 

of  cotton ;  unij  it  is  raisril  to  'lie  boiling  mkddcr-red,  tne  following  proportlooa: 
point  bv  dwreoa,  in  the  tpACO  of  50  or  iO  SO  lbs.  of  cotton-rara,  U  lb»,  of  Dutch 
minutes.  Wlieaover  tbe  ebullition  ht»  madder,  t  lbs.  of  Kidl-nula,  S  lbs.  of 
conliniiod  a  feiT  inlnutet,  tUef^Dodii  must  alum;  to  which  are  added,  Brat  ll  lb.  of 
be  removed,  wnehid  iliglitly,  snd  djed  a  '  wctnte  of  lend,  and,  stibsequeiitlj,  |  lb. 
•eeond  time  in  the  saine  way,  with  aa  of  1i  ill:  ''■'>  ■■  ^•■"  ■-  .iM.vl  M  the 
much  mudiler.      They  are  then  WMhtd     ii  i  -  inach 

and  pasiKd  through  a  warm  soap  hath,     ti,  ^int. — 

whieh  reniovei' the  dun  coloring  mutter.    |  A  .  [n  many 

llolieriioff     prescribca     for     ordinary  I  d  „..  l  .,]i,i.-1b  ill 

madder  red  the  following  proportione :—     -'  . .       .      ^    ,. ..    i^ . 

ai>  pounds  of  colton  yarn  ;  14  pounds  of 
Dntch  mailder;  3  pounds  of  u  ul -(rails  i 
G  pounds  ufalum;  to  which  t  pound  of 
aoeiiita  ofleiid  lina  been  first  nilded,  aud 
then  a  t|narlvr  ofa  pound  of  rhnlk. 

ill  tbe  calico  print-worba  tlio  madder 
Doodn  are  puitacd  Ibrougb  a  bra 
Bnit,  immediately  after  dyeing 
after  scvcnil  days  exjioanro  to  i  ..... 
wlien  the  dun  dye  haa  become  oxidized. 
Mid  is  more  easily  removed.  An  addi- 
tion of  chalk,  on  the  prinet]^<lpa  explained 
above,  is  sometinics  uacful  tu  the  inndclcr 
hath.  If  bran  ins  added  to  the  luo^hler 
biith,  the  color  bccomcji  much  ]i;chlcr. 
and  of  an  aorccable  «hi»le.  Somcllnie^ 
bran-wnter  is  added  to  Ibo  madder  huth, 
instead  of  bran. 

Tlie  ordinarv  madder-red  dvc  in  civcn 
in  the  followiiiic  way :— Tlie  yarn,  or 
cloth,  is  put  into  a  very  wi-ak  nikiilinc 


I  In-  printi'd,  for  thin  )u 


of  u  pound  t'f  L'ootI  inudder  tor  vvcrv 
ponnil  Hvi[.'lit  of  Die  U--U.    The  iutli  '* 


■     1 1 1  tliey  are  steeped 

...  I  .  -.liiriiT  is  often  used  a^ 
I  III  I',    ur    secondary    Meep. 

Chen  miioving  the  super- 
sely-adhi-nna  oil,  with  an 

.  .1.  I..  .1i-y  hard  after  each 
■■■..'.- file  galling,  alum- 


1.  Their  flrsl  step  ia 


pound  of  toap  for 
VlH-ir  saponac^eous    I 


_  , ?cd  at  a  tcmi-cruture  of73"  F. ; 

anil  it  id  applied  by  tbe  |-addiiig  machine 
6  limc>,  with  the  grassing  and  drying 
nltinitiiiTit.     In  winter,  when  the  gooiU 

tliiin  laiiltrrnutionsof  IhcMpoiuiceoui 


lire  than  4  hiium,  the  acurlel 
iKcd  bi'gins  to  be  impaired. 
■(n..ivc  Ihirt  the  oilinit  opcm- 
■iriiiitc*  the  IllTcs  with  supcr- 


-inl.-iiii:!  Iieing  inu>lirtei1  a 
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of  alamlnOf  made  by  decomposing  a  sol- 
ution of  16  lbs.  of  alum  with  16  lbs.  of 
aceUitc  of  lead,  for  6  pieces  of  cloth,  each 
82  auneji  long. 

8.  The  maddering  is  given  at  two  suc- 
cessive operations ;  with  4  pounds  of 
Avignon  madder  per  piece  at  each  time. 

4.  The  brightening  is  performed  by  a 
12  hours'  boil  in  water  with  soda  crystals, 
soap,  and  s*alt  of  tin ;  and  the  rosing  by 
a  10  hours^  boil  with  soap  and  salt  ot  tin. 
Occasionally,  the  goods  are  passed 
through  a  weak  solution  of  chloride  of 
potai^h.  When  the  red  has  too  much  of 
a  crimHon  cast,  the  pieces  are  exposed  for 
two  days  on  the  ^rass,  which  gives  them 
a  bright  scarlet  tint. 

MAGNESIA.  A  white,  tasteless, 
earthy  substance,  usually  obtained  by  ex- 
posing its  hydratcd  carbonate  to  a  red 
neat.  Its  specific  gravity  is  2*8.  It  is 
almost  insoluble ;  but  when  moistened 
and  put  upon  turmeric  paper  it  reddens 
it :  this  sometimes  depends  upon  a  trace 
of  lime.  It  is  an  oxide  of  a  brilliant  white 
metal,  which  has  been  called  magnexium^ 
and  which  may  be  obtiiined  by  heating 
chloride  of  magnesium  with  potassium  : 
they  net  intensely  upon  each  other,  chlo- 
ride of  potassium  is  formed,  and  inairne- 
sium  separates  :  it  may  be  washed  with 
water  and  dried.  Heated  to  redness  in 
the  air,  it  burns  with  great  brilliancy  into 
matrncsia,  12  parts  of  the  nu'tal  combin- 
ing with  8  of  oxygen  to  fonn  20  of  mn^^- 
ne.siu.  In  coinmeroe,  pure  ina^niesia  is 
generally  distinguished  by  tlie  term  cal- 
ciuh/  vuign^itia  ,'  and  the  hydrated  carbo- 
nate of  magnesia,  obtained  by  ]»rc'(ipitat- 
ing  a  solution  of  Rulphale  of  niatrncf^ia  by 
carbonate  of  soda,  and  wushini:  aiul  dry- 
iuff  the  precipitate,  i:ucs  hv  the  name  of 
vt(tgTu«ui^  or  fn/igne-fiii  alfta.  Tlic  diiof 
use  of  magnesia  and  its  carbonate  is  in 
medicine.  SulphaU  of  vui(jrm<ia  is  ob- 
Uiined  by  evaporating  the  residue  of  sea- 
water  after  the  common  salt  has  been  se- 
parated, or  by  adtling  sulphuric  acid  to 
hitUrn  and  evaporating,  so  a.s  to  ohtain 
the  resulting  sulphate  of  matrncsia.  This 
salt  is  also  obtained  by  tho  action  of  tli- 
lute  sulphuric  acid  on  matrncsian  lime- 
stone, and  it  is  not  uncomnu»n  in  mine- 
ral waters  :  it  was  fonnerly  procured  from 
certiiin  springs  near  Epsom,  in  Surrey, 
an<l  was  hence  tcrmeti  Kpxom  salt.  It 
crystallizes  in  four-sided  prisms  -witii  di-  ' 
hedral  summits.  ItH  crystals  arc  bohihle 
in  their  wciirht  of  water  at  Ou^,  ami  in 
three-fourths  their  wcitrht  at  l'I'J^.  They 
melt  when  heated,  and  irradiially  lose 
their  water  of  cr}8taHizijtiou.    They  con-  , 


sist  of  20  magnesia.  40  snlphnric  acid,  and 
68  water.  Tliis  salt  is  a  useful  purgative 
in  medicine,  and  is  the  chief  source  of  the 
other  forms  of  magnesia.  All  the  mag- 
nesian  salts  have  a  peculiar  bitterish  fla- 
vor. Magnesia  is  lound  native  in  the 
state  of  hydrate  and  carbonate ;  it  exists 
as  a  compound  part  of  several  minerals, 
and  many  of  them  are  soft  or  soapy  to 
the  touch. 

The  carbonate  of  magnesia  may  be  made 
thus : — 

Dissolve  four  parts  of  sulphate  of  mag- 
nesia, and  three  parts  of  su  Dcarbonate  of 
potash,  separatelv,  in  twice  their  weight 
of  water,  and  niter  them.  Then  mix 
them  with  eight  times  their  weight  of 
boiling  water.  Boil  and  stir,  and  then 
st^md  till  partly  cool ;  when,  being  strain- 
ed through  linen,  the  carbonate  remains. 
Wash  it  and  dry  it  gradually.  It  is  the 
best  anti-acid  m  the  stomach,  and  the 
acid  renders  It  purjirative. 

It  is  however  liable  to  produce  accumu- 
lations in  the  bowels.  Almost  all  the 
Ei>soTn  salts  used  in  the  United  States  is 
ma  nil  tact  u  red  at  Baltimore  from  the  mo^- 
nesitc  and  mairnesian  limestone  found  in 
Lancaster  county,  Pa.  The  annual  a- 
moiint  manufactured  there  in'about  1,500,- 
000  lbs. 

Jli/drafe  of  Magrnesia  or  naiir^  Magnesia 
is  found  at  liobokcn,  N.  J.,  in  thin 
seams  traversing  serpentine.  The  tSilir- 
rtouM  fn/iirate  is  found  in  serpentine  ai 
Middleiield,  Mass.,  and  at  Baltimore,  Md. 
A  variety  of  carbonate  containing  4  per 
cent,  of  silex  is  called  by  the  Gennans 
Meerschaum,  or  Ecume  de  mer  by  the 
Erench.  This  is  also  found  at  Hoboken. 
Sulpliate  of  magnesia  in  fine  silky  needles 
is  tound  in  caves  in  Kentucky,  and  efllo- 
rescin^  in  tlie  earth  in  Tennessee. 

MAGNESIAN  LIMESTONE.  An  ex- 
tensive series  of  beds  lying  in  geological 
position  immediately  above  the  coal  mea- 
sures ;  so  called  because  the  limeKtoney 
which  is  tho  principal  member  of  tho 
scries,  contains  r/nione/tia. 

It  is  composed  of  carbonate  of  magne- 
sia 4»J'5,  carbonate  of  lime  02,  with  1  of 
iron  and  niaiiL^anese.  Or^  magnesia 'JO-3, 
lime  2'..«'.'>,  combined  with  47'ii  of  cajl)<»nic 
acid,  ami  1  <»f  iron  and  alumine.  Ano- 
ther varietv  is  ;^G  carbonate  of  macrii'sia 
aiifl  ♦I'J  carfuuiatc  01' lime.  The  inlrodue- 
tion  of  nuiirnc^ia  into  lirin'stoncs  has  not 
yet  been  clearly  explained. 

Ma-jnesian  limc^tl)llc  is  used  chiefly  for 
maiiuliicturinL'"  the  s:Llt>  of  mairnesia  Irom. 
It  oiiurht  never  be  burne<l  into  lime  to  bo 
used  as  dressing  on  land  ;  fur  the  magno- 


oroLOPB>u  or  nu  uurci.  i 


killed 

MAUNESITE.     Nuive  munesii. 
MAGKESIUM.    Tbe  meUlUo  biuo  of 

MAGNETIC  COMPENSATOR.  A 
ooncrimnce  devised  by  Mr.  Ru-lov  far 
•Itmiaatinic  the  ioflneaee  of  ■  thip'*  eatiB 


of  ihe  uompiii'*.  11  oonninla  of  ■  pints  or 
coinbinmion  of  ptales  ofiron  pUi/cd  near 
tba  binnacle,  bo  u  to  coanlernct,  by  nil 
eqiinl  nnd  opponiie  Mtmction,  thstofths 
re»I  of  tho  iroa  oa  board  the  vessel.  Mr. 
Airy  baa  inveatimted  Ihe  law  ofdliitarb- 

uid  Bhowa  that  the  djHtiirbini  force  coa- 
Biatd  of  a  Tery  hxtpA  force  of  permanent 
m]HC>ictiBm  in  the  rolled  and  hanlcncd 
plato  cmplaved  in  the  eonBtructinn  of 
the  veucf.  and  a  vcrv  nnuill  foree  of  in- 

thc  plnce  of  tho  ahip.  or  rntlier  with  tho 


[hav 

or  if  diBtnrbed  will,  tttBt  *  hw  aimils 

vibraUons,  return  to  it  again  a>  before. 

3.  By  rubbing  on  a  bar  of  aUel  it  will 
give  the  bur  the  Bams  propertieB  ;  and  ■ 
bar  of  soft  iron  will,  wnile  oonlijfuouft  to 
it,  eTBu  when  not  touolied  by  it,  obi^ 


netiBt 


Airy  liw  i 

comwliii^ 
oriwo,«i 


leesoftcrreslriul 
it  in  prodaccd.     Mr, 
Bt  nf  prnc'tiuulnilaB  for 


not,  like  the  steel,  retain 


4.  The  ^ 
fferentp":.. 
tot  al  cfisui 


bar  of  aniuaiug  loya  hava 
if  this  subslauoe,  and  the 
1  oflea  at  flnl  aighl  veT7 
It  il4  application   to   ths 


I'll!  m 


.vii  at  riffllt 
■iimirn  ivmvri  uiiivi  lwmiw  [lie  conipa^irt, 
and  It  box  of  uniull  iron  oliniti,  wIiIl'Ii 
Ir  used  instciid  of  Barlow'a  rorrci'Iing 
iriate..  " 

MAGNET,  NATURAL.  One  of  tho 
numeroiu  oxides  of  iron ;  pimsphbciI, 
howovar,  of  prnpertio*  pei-iilinr  to  Itiwlf, 

bnlt.  which  possess  it  also  in  a  verv  flijtht 
ilearee.     The  mmrnet  consist*  ohVflv  of 

of  <i<itirti  uud  aliiniiiic.     Itii  ><'<Inr  varies 

null--  ililH-ren.vs  in  the  rutins  of  tin-  two 
o?(l<l.'S.  nnd  the  nnitire  of  the  Kin-i^n 
BiilMnncH  with  whii'li  tliov  urv  found 
uniled;  but  it  ii  n<>n:i11v  of  adurk-L'r.iv 


pointed  oIwivb  to  the  north  polo  of  the 
world;  anil  rimt.  thorcf ire,  bv  mean*  of 
it  they  conl.l  j,l.v„v4  „r  ,>rif>- 1^»  ll.e  di- 
rection of  ■,  .  .  ■  ..  ■  .■,  I  ™U8B- 
(]uetitly  in  a  i  r,.  j,ai!- 

Tho  eiiiployniBnt  of  the  loadstone  Itaelf 
for  the  puijJoses  of  navigation  hna  long 

he  conslnieteJ  having  a  much  greater  in- 


!!inltaat  of  the  magnotio  forceB  at  the 


MAN'tiANTSE.    Thia  name  is  sene- 

iilly  eiven  to  a  black  mineral,  oriiriiiallT 
'      -■•■  '  '-  " -  '"'    byScheele, 


lu'cn  njiplicd  to  (he  metnllic  base  of  m-. 
nctia.    the  word    unjmoBfM    hat    been 

iim  iibovo  idliiilcd  to  liaa  been  allied 
.  lilai'k.  or  pFroxiito  of,  manganese.  Tha 
■  miiiil  itself  has  n  Biiccitli' irnivitv  of  about 
«.  It  isirruv,  har.1.  brittle,  and  very  <l'f- 
Hi  nil  of  fusion,  1111(1  )iii«  not  b«en  applied 


man] 
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prodaction  of  chlorine.    Manganese  may 
oe  represented  hy  the  equivalent   28; 
and  the  black  oxide,  beini^  a  compound 
of  1  atom  of  manganese  and  2  of  oxygen, 
has  the  equivalent  44  (28  +  16).    There 
is  also  a  protoxide  of  manganese,  com- 
posed of  28  metal  +  8  oxygen,  which  is 
the    basis    of  the    salts  of  tnis  metal. 
When  hydrate  or  carbonate  of  pota.ssa, 
or  nitrcj  are  fused  with  peroxide  of  man- 
ganese m  an  open  vessel,  a  dark-colored 
compound  is  obtained,  long  known  under 
the  name  of  cham€U:cn  mineral^  in  conse- 
quence of  its  yielding  in  cold  water  a  so- 
lution which  is  at  first  green,  then  blue, 
purple,  red,  brown,  and  ultimately  depo- 
sits a  brown  powder,  and  becomes  color- 
less.    This  substance    has    since   been 
termed  manganate  of  pot^ish^   and    has 
been  proved  to  contam  a  compound  of  1 
atom  of  manganese  and  3  of  oxygen, 
which  has  been  called  manganic  dcid^ 
and  is  represented  by  the  equivalent  52. 
In  the  pmk  solution,  which  is  produced 
at  once  oy  the  action  of  hot  water,  man- 
^nese  exists  in  a  still  higher  state  of  ox- 
idizemcnt.    forming    the    per-manganic 
acid,  in  wnich  2  atoms  of  manariuicse  are 
comoined  with  7  of  oxygen.     Both  these 
compounds  are  very  easy  of  decompo- 
sition.   Some  of  the  proto-salts  of  man- 
ganese have  lately  been  used  in  calico- 
printing  as  the  source  of  brown  colors, 
and  occasionally  as  deoxidizing  agcnt«<. 

The  black  oxide  of  manganese  occurs 
abundantly  in  Vermont  at  Bennington 
and  Monckton,  accompanied  with  ha?ma- 
tite.  Black  wad  is  only  found  in  Con- 
necticut. Phosphate  of  manganese  is 
met  with  at  Washington,  Ct.  Sulphuret 
of  manganese  is  found  in  New-York. 

Manganese  is  found  native  combined 
with  iron,  and  when  added  artificially  to 
steel  it  improves  the  quality.  Gold  and 
iron  are  rendered  more  fusible  by  its  ad- 
dition, and  the  iron  becomes  more  duc- 
tile. Copper  becomes  whiter,  less  fusi- 
ble, and  more  liable  to  tarnish.  The 
most  extensive  use  of  oxide  of  muntru- 
nesc  is  in  bleaching  to  produce  chlorine, 
and  it  is  often  desirable  to  test  the  value 
of  these  ores. 

M.  Gay  Lussac  has  proposed  to  deter- 
mine the  commercial  vulnc  of  manganese 
ore  by  the  quuntity  of  chlorine  which  it 
affords  when  treated  with  liquid  muri- 
atic acid.  He  places  the  maneauese 
powder  in  a  small  retort  or  mattress, 
pours  oyer  it  the  acid,  and  the  chlorine 
Deing  disengaged  with  the  aid  of  a  ^ren- 
tle  heat,  is  transmitted  into  a  vessel  con- 
taining milk  of  lime  or  potash  water. 


Thia  liqnor  is  thereafter  poored  into  a 
dilute  solution  of  sulphate  of  indigo: 
and  the  quantity  of  chlorine  is  inferred 
fVom  the  quantity  of  the  blue  solution 
which  is  decolored. 

This  mode  of  testing  is  easily  under- 
stood. When  muriatic  add  is  acted  on 
by  manganese  ore,  the  black  oxide  in  it 
yields  up  one  equivalent  of  its  oxygen, 
and  becomes  reduced  to  the  condition  of 
protoxide  of  manganese :  the  atom  of 
oxygen  seizes  on  the  equivalent  of  hy- 
drogen in  the  muriatic  acid,  and  sets  the 
chlorine,  the  other  element  of  the  acid, 
free;  and  thus  for  every  one  atom  of 
manganese  present  one  atom  of  chlorine 
is  liberated.  If  the  amount  of  the  latter 
is  determined,  it  of  course  represents 
the  weight  of  manganese. 

The  manufacturer  of  flint  glass  uses  a 
small  proportion  of  the  black  manganese 
ore,  to  correct  the  ^een  tinge  which  his 
glass  is  apt  to  derive  from  the  iron  pre- 
sent in  the  sand  he  employs.  To  him  it 
is  of  great  consequence  to  get  a  native 
manganese  containing  as  little  iron  oxide 
as  possible ;  since  in  fact  the  color  or 
limpidity  of  his  product  will  depend  alto- 
gether uj)On  that  circumstance. 

Sulphate  of  manganese  has  been  of 
late  years  introduced  into  calico-printing, 
to  ^ive  a  chocolate  or  bronze  impression. 
It  IS  easily  formed  by  heating  the  black 
oxide,  mixed  with  a  little  ground  coal, 
with  sulphuric  acid.     (aS6«  Calico-Prikx- 

INO.) 

The  peroxide  of  manganese  is  used  also 
in  the  formation  of  glass  pastes,  and  in 
makinj?  the  black  enamel  ol  pottery. 

MANGLE  is  a  machine  for  pressing 
heavy  linen  after  washing.  The  linen, 
<fec-,  is  wrapped  round  rollers,  and  tliese 
ure  passed,  backward  and  forward,  under 
a  heavily-loaded  case.  The  best  are 
those  in  whirh  the  winch  turns  but  one 
way,  the  motion  being  reversed  in  the 
gecr  when  the  case  has  run  home. 

An  improved  man^'le  has  been  made 
by  which  linen  may  be  both  ironed  and 
mangled  at  the  same  time.  It  is  worked 
by  a  movint?  table,  which  pasi^es  under  a 
pressure  of  U  ton;  and  the  operation 
may  be  performed  by  a  child  of  eight  or 
nine  years  old.  Tlio  mochine  does  not 
occupy  a  space  of  more  than  eight  super- 
ficial feet,  and  the  weight  of  the  whole  is 
not  more  than  2  cwt.  A  tfood  mangle  is 
now  ma<le  by  three  heavy  rf)lk'rs  laid 
vertically:  a  winch  hondle  works  the  in- 
termediate one,  and  the  upper  is  pressed 
down  by  a  screw  to  any  desired  amount 
of  pressure. 
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. ^ ^    ..    !  di™,  found thUio  Bene™]  uac  amongtho 

iEi6,  and  jielda  only  to  the  niBn^steoB.  '  nslire  Indiuu,  hIio  wiled  it  ckzabbi. 
It  Utuiiu  the  height  of  30  or  40  leeC,  hu  :  lud  by  whom  it  wM  preferred  to  every 
a  rapid  ^wth,  and  it  vory  productive-  other  kind  of  bread,  on  bcooddI  of  ila 
Tha  fruit  ia  kidney-ehaped,  eubject  how-  eany  digestion,  the  fidlii;  witli  which  it 
ever  lo  a  aood  deal  of  vuiBtiOD  in  eiie,     was   cultivai.  1,         1  i::.    ■  ■  if    ib- 

fonn,  and  color,  and  conlaios  a  tar^  flat-     crease.    Ai  L^  an- 

oDitJvaDcd,  Dome  of  which  are  very  beau-  I  the  name  g.   ■  •■  ■  ■  -'"i  wiiite 

Ufnl,  aud  diffune  u  delightful  pcrfiime.        I  feoola,  whiL-li.  ui.'L-'.raiiii;  lo  Auhlct,  is  do- 
Ti.=  — ..™.  i.„.  i^m,  fruited  both  in    rived  from  ihc  pxpreafed  juicfl  of  ibo 


nd.    If  a  iitovo,  or  pad 

ited  up  fur  them,  then 


roots,  whicli  in  decanted  off,  aod  coffered 
to  roat  for  soine  tinii^,  when  it  dvpotiia 
I  ao  amylaeei.ua  nulislanoe,  whioh  raquirea 
repeated  wanliiiig'. 
The  root  uf  Vhe  nianioo  Is  aI«o  Chebnis 


MANGOSTEEN.  A  far-famed  fruit,  ' 
it  the  product  of  a  middling- sized  and  and  an  exot-lieiit  oondmient  lor  seasoning 
bBouIifiil  tree,  the  garcinia  mangoiluna,  i  meala,  called  lubion  or  cojiion,  is  prcpar- 
and  was  oriifliiHlly  brought  ftom  Ibe  Mo-  i  ed  fromthtjiiin.',  aDdnaid  to  *liarpen  tha 
lueca  iKlands,  but  it  now  ciiltiVHted  in  i  appetite,  tliu  leaves,  beaten  at,d  boiled, 
many  parta  of  the  East  Indies,         la      n  I  are  oa  na  iinoe 

all  liandii,  mliniltnl  to  be  tlie      oh  healing 

be  added  the  jankbop<loen,  ra    Ik    ce  ea 

and  dectu  ;  they  arc  natives  of  I             re 

til    Archipelairo,    mid,    wlieii      bcoi  ei  I           ng     A                   cassu          ijui       as 

might  be  cuUivoled  along  with  tl      pre  oa      sa                      os           ral              d 

«»ding  in  the  Soiitlioni  litale*.  i             pro          al                V             ea, 

MANIHOT.—Two  hinds  are  cultivat-  [  and  is  employed  to  victual  ships,  the  u«a 
ed  in  tlic  W.  Indies,  the  awcet  mssada  of  ,  of  tapioca  is  still  more  extended,   aitd 

Sroir'af't  Jaiaaifa,    and    M-mihut  Aipi,  throughout  Kurope  is  employed  for  tha 

whose  root  is  of  a  while  color,  and  tree  ,  name  purpose*  as  ango  and  arrow-root. 

f^om  deletcriuiM  oiialities.    Tlie    hitter  MANXA  IN  TEAKti,   is  that  which 

oussada,  01  manioc  lia*  a  yellowish  nwt,  'flows  S[>oulaneoui'ly  from    manna  ukIi- 

ami  abounds  in  a  tiinsoiiiius  jnico.    Uy  ;  trees,  and  drieii  iipini  Ihe  b«rk;  moi^ily 

various  proresHcs,  by  briilHiiig  between  |  the  fVuxiuus  rot undi folia ;  but,  in  less 

stones,  tnr  a  coanu  rusp.  or  hy  ■  mill,  tlic  '  quantity,  by  the  F.  omns,  F.  eicclifior, 

root  of  the  iiuinioo  is  broken  into  small  and  F.  parviliilia;  also  hvlhe  plum,  oak, 

fueccs,  thcu  put  into  a  sack,  and  subject-  I  snd    willow.— ii^v   Monna,    hsn^    in 

-■ '  •'  -  ■- *- 'ich  all  the  staluctilcs  from  straw,  &c.,  iwund  round 


ed  to  a  hoiivy  pressure,  hy -..  . 

juice  ia  oxprusned.  Wliat  rcnialiia  »  cu-  u  mii  m  .iiiiic  aim  tiuiy.  miuuia  is  luia- 
Bava,o^cfwsnlU^  wliii'h.ifproptrlydried,  I  live,  in  a  di wo  of  S  scrs.  to  1  oi.  for  chil- 
is canalilo  of  bcina  prewricd  for  n  gn»iC  '  drcii  or  douUe  for  ailulls,  in  milk  or  nijy 
length  uf  time.  In  Freiii'h  (iuiaua,  nc-  |  other  li^inid.  Viminum  itinm  flows  from 
coriUiig  to  Aubk't,  cassava  Hour  is  inmlo  '  incisions,  niiidc  after  the  Inl  of  August, 
by  I'mstiiig  the  Kratiil  nwit  ovi-r  the  Are,      "  '              "           -    '        ■ 


in  which  sL'.tc.  if  kcjrt  from  hm 

iiidity,  it  ,  the  leavfs  of  the  lurcli.  in  Danphiny.- 
I'assiiva-  1  Afotmm  M„n».\,  the  Jf'M«.i  •jf^.^',  is 
al.  or  Iho     oxnde.1,  in  June,  from  a  spc<4s  of  tam- 

will  nmtiiiui'  coihI  liirSi'  vcars. 

cake,  or  «.s».vii-r..ot.  i*  Ihe  nic. 

grilled,  exiiressed,  and  dried  ro 

.rt  of  tlio     Brisk,  growing  in  the  desert,  and  only 

raani'N^  jwundcd  in  a    mortar 
throuifti  acoiirnc  sk-vc.niid  Ixikt 

.  i^iss.-d    rullccic.l  ut  curly  iluwn,  as  it  melts  in  the 

.1  on  Hal     heal  oflhc  duv.  and  runs  into  the  sand. 

rimilar  inm  plan-,  tt.w.i  in  u  si, 

■vc.  ThB     U  Is  while  and  si.li.l.  if  kept  ool.  biit 

|«ni.'ki*  of  niviil  .irc  niiil.d  l.vi 

h.-h.N.l:     mths  bv  11...  li,'»t  of  the  hand.     Ills 

anil,   wliMi    ilLor..iiL'hlv   1«kcd 

in    this     s«,-,-i,  ..r...n:i|-Lc.  imd  vcrv  swrcc.-J'.r- 

nmnncr.  from  cak.H.  wiiidi  arc 

s,.|.|  at     ■;.!;'  M.<,„m  rMulc>-  frum  the  iledysnrum 

the  markets,  and  nnivcrNillj-  call 

luiincd  as  ,  ulliui,-i,  and  is  used  as  a  purgative. 

man] 
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MANUBES.  Substanoes  added  to  the 
Boil,  with  a  view  of  nocclerating  vc^ta- 
tion,  and  increasing  the  production  of  the 
orops.  Animal,  vegetable,  and  mineral 
snbstanoes  are  used  for  this  pnrpo«c. 
Decompo^inff  animal  matter  of  any  Kind 
forms  one  oftho  most  powerful  manures, 
and  in  many  iiiBtances  accelerates*  the 
dccny  and  decoin position  of  inert  vege- 
table matters  mixed  with  it;  as  in  the 
mixture  of  dung  and  straw  which  forms 
the  common  offal  of  stables.  All  animal 
excrements  are  also  powerful  manures, 
and,  when  duly  applied  to  the  soil,  soon 
exhibit  their  influence  by  the  luxuriance 
of  the  crop.  It,  however,  often  happens, 
hi  respect  to  esculent  vegetables,  that 
their  quality  is  deteriorated,  and  that 
they  acquire  a  coarse  and  rank  flavor  if 
over-manured  ;  as  is  the  case  with  much 
of  the  produce  of  the  market-gardens 
near  lai^e  cities,  where  in  consequence  of 
the  vicmity,  manure  is  abundant,  and 
Inxuriant  and  fine-looking  vegetables  in 
great  request  for  the  table. 

In  all  cases  where  animal  manures  are 
used,  care  should  be  taken  that  thoy  are 
brought  into  action  upon  the  soil  ns  soon 
as  they  begin  to  decompose,  or  as  soon 
as  possible  aftenjvards,  and  not  snftered 
to  rot,  and  exhale  their  best  constituent 
parts  while  lying  in  the  farm-yard.  The 
drainings  and  the  exhalations*  of  a  com- 
mon dung-heap  contain  its  most  etieetive 
ingredients ;  and  these  are  often  surtered 
to  go  to  waste,  or  to  contaminate  the  air 
and  collect  in  pools  of  filth.  The  fresh 
and  the  old  manure  of  this  decomposi- 
tion are  known  to  fanners  under  the 
terms  Imig  and  nhM't  dung  :  the  advan- 
tages and  economy  of  the  former,  when 
properly  applied,  cannot  be  doiiV)te(l. 
Those  animtu  manures  which  are  slow  of 
decompositon  arc  most  durable,  and  gen- 
erallv  most  etVeetive  in  their  operation. 
Of  t)iese,  the  best  is  ground  bones,  the 
animal  part  of  which  is  very  gradually 
dissolved  out  by  moisture  ;  so  that  their 
effect  is  long-continued,  and  their  earthy 
matter  is  also,  probably,  beneficial,  at 
least  to  many  crops.  Vegetable  manures 
are  often  very  eti'cetive,  especially  as  in 
the  case  of  ploughing  in  a  green  crop, 
where  oil  the  soluble  nuitters  are  broufrht 
into  action ;  and  inert  veirc'table  sub- 
stances may  be  rendered  active  by  mix- 
ture with  those  which  easily  putrify.  or 
with  animal  matter.  Some  vcLrctaliles, 
such  as  cabbatres  and  many  other  cruci- 
form plants,  np[)ro\-iniatc  to  animal  mat- 
ter in  their  composition,  and  are  propor- 
tionately good  manures.     Mineral   nian- 
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urea  act  in  two  waya:  either  by  their 
Ciiusticitv,  as  is  the  case  with  quicklime, 
by  vrhien  they  decompose  most  organic 
bodies,  such  as  roots,  fibres,  &c.,  and 
render  them  soluble  and  nutritious  to  the 
growing  crop;  or  they  alter  the  texture 
of  the  soil.  Thns,  sand  may  be  called  a 
manure  for  davey  lands,  and  clay  and 
loam  for  those  that  are  sandy.  Upon  the 
same  principle,  stiff  soils  are  improved 
by  paring  and  burning,  by  which  a 
superficial  sandiness  is  produced,  and  the 
texture  of  the  soil  rendered  more  appro- 
priate for  vegetation. 

The  principle  on  which  manures  act 
has  only  been  fully  understood  since 
chemistry  has  lent  its  aid  to  agriculture. 
When  crops  grow  upon  soils  they  re- 
move a  certain  portion  of  mineral* mat- 
ters, which,  if  not  replaced,  leave  that 
ground  deficient,  and  a  constant  course 
of  cropping  with  one  plant  will  remove 
nearly,  if  not  all,  the  substances  which 
the  plant  requires  out  of  the  soil.  The 
crop  will  every  year  diminish,  till  ulti- 
mately it  does  not  return  its  seed.  Such 
is  the  case  of  Virginia  with  tobacco  cul- 
tivation, and  many  parts  of  the  south 
with  cane  culture.  Tlie  ground  so  treat- 
ed is  not  7>^';/<r^/y  barren,  for  it  will  grow 
other  crops;  and  if  these  be  planted 
and  removed  without  any  addition  to  the 
ground,  the  latter  becomes  permanentlv 
sterile.  This  is  the  condition  of  mucli 
of  the  land  in  Europe,  which  is  cultivated 
by  those  who  have  no  real  intercut  in  the 
good.of  the  soil;  and  it  is  the  condition 
toward  which  much  of  the  land  of  New 
Enjrlnnd  and  the  Atlimtie  States  is  ap- 
proaching from  icuorance  and  careless 
farming.  Now,  to  restore  those  mineral 
substances,  which  have  been  removed 
by  a  crop  or  a  rotation,  is  the  object  of 
manuriiifr,  and  a  manure  ouijht  always 
be  looked  upon  as  certain  substances 
added  for  the  supply  of  the  wants  of  the 
crop.  Tlic  soil  docs  not  require  addition 
or  improvement,  except  so  far  as  it  min- 
isters to  the  wants  of  the  plant.  Hence 
'  the  follv  of  using  onlv  one  varietv  of 
manure  for  various  kinds  of  crops.  All 
I)lants  do  not  require  lime ;  hence  con- 
stant liming  is  unnecessary,  and  constant 
fann  manure,  without  other  additions,  is 
C(iunlly  absurd.  The  manure  sliould  c«>n- 
tain  those  thinors  which  the  crop  or  the  ro- 
tation recjuires.  It  bhould  contain  the  ('X- 
act  chemical  salts,  and  sullicient  to  suj)j»ly 
the  deficiency  which  the  crop  produces. 
To  kixnv  what  manures  to  apply,  it  is 
ne«'es>ary  to  know  what  minerals  ])lants 
abstract,  and  this  is  learned  by  a  chemical 
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analysis  of  the  crop.  There  are  now  an- 
ttlvi^es  mode  of  mo»t  of  the  cultivated 
pfaatd,  from  which  data  special  manures 
may  be  deduced — the  application  of 
which  is  more  certain  and  economical 
than  the  old  fashioned  mode.  This  sub- 
ject of  special  manures  is  but  in  its  in- 
fancy ;  and  analyses  of  American  plants, 
made  by  trustworthy  chemists,  are  ex- 
tensively required,  until  which  bo  done 
little  absolute  exactitude  can  be  obtained. 
It  is  in  this  line  that  a  bureau  of  agricul- 
ture at  Wuahinsrtou  could  act  most  effici- 
ently. Plants  do  not  remove  more  than 
14  elements  out  of  the  soil,  and,  there- 
fore, comparatively  few  substances  are 
required  to  be  added  as  manure.  These 
are  silica,  lime,  magnesia,  oxide  of  iron, 
potash,  soda,  ammonia,  sulphuric,  phos- 
phoric, and  carbonic  ocids.  To  supply 
these  in  the  cheapest  and  most  effective 
forms  is  the  object  of  the  farmer.  Silica 
always  exists  iu  proiind  in  sufficient 
quantity.  Lime  is  added  either  «us  caustic 
I:me,  or  as  compost  witli  funn  sweepincrs, 
or  as  marl,  which  is  an  impure  earhonnte, 
with  a  little  piiosnhate  and  sulphate. 
Of/psuju  supplies  liuie  witii  sulphuric 
acid,  and  fM>/us  or  ji/i(f/tphorif^  supplies 
lime  with  phosphoric  ueid,  as  phosphate 
of  lime,  (luano  also  supplies  phospliate 
of 


cid,  and  fx'/us  or  jilumphortt^  suppli 
me  with  phosphoric  ueid,  as  phospha 
flime.  (luano  also  supplies  phosplui 
f  lime,  but  the  chief  ot)je<*t  of  cruano 
to  supply  atninonia  l>y  deeotnposition. 
The  value  of  bones  is  much  increased  bv 
actine  on  it  with  sulpliurio  acid,  forminir 
what  is  called  dissolved  bones.  Tlie  use 
of  b(»nes  and  truano  are  the  two  irrcatest 
modern  improvements  in  aL'rieuIlure. 
Potu.sli  is  absolutely  required  by  some 
jilants,  as  mui/e  and  oats,  and  may  l»e 
ad(Ie<l  in  the  form  of  pt-arlasli  or  nitre. 
Cow-duuLT  contains  salts  ot'  potash,  and 
much  of  it  ilepen'ls  ui»on  the  presence  of 
the  potash.  Sonu'  [)lants  ]»rel('r  [»otas]i 
wluMi  tlicy  can  have  asilection.  otla-r^vi^c 
tliey  apjM-ar  to  thrive  just  as  well  on 
>»o.la.  Tliis  fact  of  subsiitutiun  is  ni)t 
fully  understorxl  in  atrriculture, ;  in  prac- 
tice \vi'  do  know  that  one  suhstanct-  will 
replace  another  in  the  plant  without  in- 
jury. Tills  re-'cnililes  i'>oinorjihi~ni  in 
minerals  very  niu<-h.  Potash  and  >o.la 
have  a  rcuiarkaltK-  etl't-et  in  dc\»lopinif 
the  leaf  and  oiln-r  u'recn  ]«arts  of  j-liuits. 
The  nitrates  of"  |>otii>h  ;uid  soda  rxert  a 
wondcrl'ul  intliieiK-e  in  this  way.  It  is  not 
easy  to  ?.ay  how  much  is  due  t(»  the  a<itl, 
and  how  nitu'li  to  ih«'  alkaline  fK-inent. 
Inlea-'lied  a->his  is  always  prt  t«raMe  to 
the  leael,i*-l.  ATniMonin  i>  iht-  iiio>t  j>ow- 
erful  •iliuiulaiit  to  :ill  j>latit-'.  aii«l  i**  ri-<juir- 
od  by  them.  The  salts  of  aniinonia  are^'cn- 


enllj  too  expenaive,  and  henoe  the  ue 
of  those  sabstanoea  which  supply  it  bj 
decomposition.  Animal  matters,  urine, 
excrement,  wool,  hair,  horn,  gnano,  ana 
the  gelatine  in  bones  all  act  in  this  war, 
and  that  is  the  most  efficient  manare 
which  deoompoees  most  readily,  and 
affords  the  ammonia  most  quickly. 
Ni(?ht-soil  is  a  most  powerful  manure, 
but  it  is  disliked  on  account  of  its  un- 
pleasant odor — ^this,  however,  is  gotten 
rid  of  by  mixing  it  with  fresh  burned 
charcoal.  Fiak^  along  shore,  forms  a  most 
valuable  manure  for  com  or  potatoes,  and 
is  fully  equal  to  guano.  S^d-^oeed  is  ben- 
etlcial  on  account  of  the  large  Quantity  of 
saline  matters  which  it  ados  to  the 
ground. 

MANUSCRIPTS.  (Let.  manu  scrip- 
tnm,  wriilen  by  the  hand.)  Literally, 
writings  of  any  kind,  whether  on  paper 
or  any  other  material,  in  contradistinction 
to  such  as  are  printed.  Books  were  ge- 
nerally written  upon  vellum,  after  the 
papyrus  used  in  classical  times  had  be- 
come obsolete,  until  the  general  introduc- 
tion of  paper  made  from  rags,  about  the 
loth  ccnturj'  after  Christ;  and  the  finest 
and  white.st  vellum  is  generally  indi- 
cjitive  of  great  age  in  a  manuscript. 
The  dearness  of  this  material  gave  nse 
to  the  practice  of  using  old  manuscript 
books  on  which  the  writing  had  be«n 
erased,  and  also  to  that  of  abbrevia- 
tions. Theae  were  carried  to  excess  in 
the  l^tli  century,  and  from  that  lime  un- 
til the  invention  of  printing;  and  for  a 
louLT  period  subsequent  to  that  invention, 
abbreviations  were  still  in  common  use  : 
in  Greek  printiuif  they  were  usual  until 
within  the  last  fitly  years.  Of  Latin 
MSS.,  those  prior  to  the  reign  of  Charle- 
iiiaLTne  (  A.  I),  hoo)  are  considered  ancient. 
Manuscripts  of  the  early  dassicjU  age 
^vere  written  ou  slioets  rolled  together. 
Ilhnnifint'J  nmnuncnpU  are  such  as  are 
enilM-lhsheil  with  ornaments,  drawings, 
ein'oleinatieal  figures,  <fec.  illustrative  of 
the  text.  This  practice  was  intro<iuoed  at 
a  \  cry  early  period  ;  for  we  find  the  works 
of  N'arro,  I'otnponius,  Atticus,  and  others, 
adorned  by  illuminations.  But  it  was 
eirully  employed  in  the  breviaries  and 
V-booKsoftheenrlv  Christian  church. 


r>rayer-t)Oij 
The  c«.»lors 


most  employed  for  this  pur- 
jtose  were  irold  and  azure,  llluminiitions 
were  in  a  hiLfh  state  of  perfection  Iwtwecn 
the  Mil  and  loth  centuries;  uller  which 
they  >een»  to  have  ]»artakeu  of  the  biirba- 
rJMu  of  the  midtlle  ages,  which  threw 
their  chillini:  inlluencc  over  every  de- 
t«tripiion  of  art.     On  the  revival  of  the 
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arts  in  the  15th  and  Idth  oentarien  many 
excellent  performances  were  produced: 
but  tbe  art  did  not  take  deep  root,  and 
we  believe  the  loat  specimen  of  illumina- 
tion execatod  in  England  was  Cardinal 
Wolsev's  LedUmary^  at  Christ  Church, 
Oxford. 

MAP.  (Lnt.  mappa.)  A  delineation 
of  some  portion  of  the  surface  of  the 
sphere  (terrestrial  or  celestial)  on  a  plane. 
Terrestrial  maps  are  geographic  or  hydro- 
graphic,  A  map  representing  a  small  ex- 
tent of  country  is  called  a  topographical 

Terrestrial  Maps..  The  object  of  a  ter- 
restrial map  is  to  exhibit  the  boundaries 
of  countries  and  the  relative  positions  of 
their  several  parts.  A  perfect  represen- 
tation of  a  country  should  present  all  its 
parts,  not  only  in  their  true  relative  posi- 
tions, but  also  in  their  just  proportions. 
This  may  be  accurately  done  on  a  globe ; 
but  as  the  earth's  surluce  is  spherical,  it 
is  impossible  to  represent  any  consideni- 
blc  portion  of  it  on  a  plane  so  that  the  dis- 
tances of  places  shall  retain  the  same  pro- 
portions wliich  they  have  on  the  sy>herc, 
and  geographers  have  accordinirly  had  re- 
course to  various  methods  of  delineations, 
all  of  which  have  their  peculiar  advanta- 
ges in  particular  cases. 

One  method  is  to  represent  the  points 
and  lines  of  the  sphere  according  to  the 
rules  of  perspective,  or  as  they  would  aj>- 
pear  to  the  eye,  having  some  ufesi^rned 
p<^>sition  relatively  to  the  sphere  and  the 
plane  of  representation.  Tliis  method 
gives  rise  to  the  ditferent  modes  ot'  pro- 
jecting the  sphere,  of  which  the  three 
principal  are  the  orthographic,  the  stere- 
ographic,  and  the  centnil.  The  method 
of  projection  answers  very  well  when  the 
surface  to  be  representfd  is  snwill,  and 
the  eye  is  placed  perpendicularly  over  it ; 
but  when  it  embraces  a  conjsiderabK*  por- 
tion of  the  sphere,  the  parts  near  the  ex- 
tremities of  the  map  are  much  distorted. 

A  second  methou  is  to  suppose  tlie  sur- 
face to  be  represented  to  be  a  portion  c>f 
the  surface  of  a  cone,  whose  vertex  is 
somewhere  in  the  polar  axis  produced, 
and  which  either  touches  the  sphere  at 
the  middle  latitude  of  the  surface  to  be 
represented,  or  falls  within  the  sphere  at 
the  middle  latitude,  and  without  it  at  tlie 
extreme  parallels.  The  conical  surface  is 
then  supposed  to  be  developed  on  a  plane 
(which  it  admits  of  bcintr);  whence  this 
method  is  ealled  the  method  ol'  develop- 
ment. Of  this  method  there  are  various 
modifications  :  as  tluit  of  Murdoch,  who 
aupposcs  the  side  of  the  cone  lb  be  paral-  i 


lol  to  the  tangent  of  the  meridian  at  the 
middle  latitude,  but  to  penetrate  the  sur- 
fhce  of  the  sphere  between  the  middle 
latitude  and  the  extremities  of  the  pro- 
jected are ;  that  of  De  Lisle,  who  assum- 
ed the  cone  such  as  to  intersect  the  sphere 
in  the  two  parallels  equally  distant  iVom 
the  extreme  and  middle  latitudes  ;  that  of 
Euler,  who  placed  the  apex  of  the  cone  at 
a  determinate  distance  oeyond  the  pole. 

A  third  method  la  to  lay  down  the 
points  on  the  map  according  to  some  as- 
sumed mathematical  law,  the  condition 
to  be  fulfilled  being  that  the  parts  of  the 
spherical  surface  to  be  represented,  and 
their  representations  on  toe  map,  shall 
be  similar  in  their  small  elements.  Of 
such  methods  the  best  known  ia  Merca- 
tor«  Chart  (which,  however,  may  be  pro- 
duced also  by  development),  in  which  the 
meridians  are  equidistant,  parallel, straight 
lines,  and  the  parallels  of  latitude  areuso 
straight  lines  perpendicular  to  the  meri- 
dians ;  but  ot  which  the  distances  from 
each  other  increase  in  going  from  the 
equator  in  such  a  proportion  us  always  to 
show  the  true  beoriugs  of  places  from  one 
another. 

t'tUMfial  M(ip». — For  the  construction  of 
his  maps  of  the  stars,  the  astronomer 
Flanistead  adapted  the  following  method: 
All  the  parallels  on  the  sphere  are  repre- 
sented by  straight  lines,  and  likewise  one 
of  the  meridians  ;  uanielv,  that  which 
passes  through  the  middle  of  the  map. 
The  parallels  which  are  all  perpendicular 
to  this  meridian  have  the  same  relative 
lengths  as  on  the  sphere,  and  consequent- 
ly the  degrees  of  longitude  are  represent- 
ed in  their  just  proportions;  that  is,  are 
froportional  to  the  cosine  of  the  latitude, 
f,  tlierefore,  the  parallels  be  each  divided 
into  tbe  same  number  of  equal  parts,  a 
curve  line  drawn  through  tne  points  of 
division  will  represent  the  meridians. 
By  this  method,  anv  distance  in  the  di- 
rection of  the  parallels  is  equal  to  the  cor- 
responding difttance  on  the  sphere ;  but 
it  is  evident  that  the  map  is  much  dis- 
torted towards  the  extremities,  in  conse- 
quence of  the  oblique  directions  of  the 
meridians.  Flamstead's  method  is  some- 
times used  in  geography  for  representing 
countries  which  lie  on  both  sides  of  the 
equator,  in  which  case  the  distortion  is 
less.  A  modification  of  it,  wliieh  consist* 
in  suK«tituting  arcs  of  circles  for  the 
straight  lines  representing  the  meridians, 
whereby  their  ODli(|uity  is  diminished^  is 
extensively  employed  in  the  construction 
of  maps.  The  J^ociety  for  the  Ditfusion  of 
Useful  Knowledge  has  adopted  the  gno- 
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monio  projection  for  laying  down  thear 
maps  or  the  stara. 

MAPLE.  A  gonna  of  plants,  consist- 
ing of  trees  or  arborescent  shrubs. 
Twenty-seven  species  are  Icnown,  of 
which  12  inhabit  North  America,  6  are 
found  in  Europe,  6  in  Japan,  and  the  re- 
mfunder  in  A^ia. 

The  sugar-maple  (A.  taocharinum)  is 
one  of  the  most  valuable.  It  grows  be- 
tween LaL  42°  and  48°  N.  and  flourishes 
in  cold  and  moist  situations :  in  all  N. 
England,  Western  New  York,  Canada, 
L.  Superior  shores,  and  down  the  Alle- 
ghanies,  it  is  met  with.  A  variety  with  un- 
dulations, called  hirds-eye  maple,  is  much 
used  in  mmituro.  The  black  sugar  ma- 
ple {A.  N'Mrum)  is  found  in  Ohio  and  far- 
ther Soutn. 

Besides  the  sugar  which  is  obtained 
fVom  the  sap,  the  wood  affords  excellent 
ftiel ;  and,  from  the  ashes  are  procured 
four-fifths  of  the  potash  which  forms  such 
an  important  item  of  commerce.    The  su- 

far  is  superior  in  quality  to  the  conimon 
rown  sugar  of  the  West  Indie.^,  and, 
when  refined,  equals  the  finest  in  Wanty. 
A  single  tree  of  this  species  will  yield  5  or 
6  lbs.  of  sugar. 

Sugar  Maple.,  {acer  saerharifivm,)  Syca- 
tnorcy  and  Nortimy  Maple.. — ^The  sap  of 
these  trees,  as  well  as  that  of  the  common 
maple,  is  used  for  makinff  suirar  and 
wine.  The  wood  of  the  Eiiropean  maple 
is  employed  in  making  violins. 

MARANTA  INDIOA,  is  the  plant 
whose  roots  vield  Indian  arrow-root. 

MARBL?:.^  FOR  TOYS.  Tbesc  well- 
known  articles  are  made  in  great  qnnnti- 
tiea,  to  serve  in  the  games  of  children  ; 
some  are  formed  of  potter's  clay,  covered 
with  a  crlazc,  and  burnt  in  a  proper  fur- 
nace ;  others  arc  made  of  niarole  and  ala- 
baster, biit  chiefly  of  a  species  of  very 
hard  calcareous  stone,  found  in  the 
neighborhood  of  Cobourg,  in  Saxony. 
These  stones  are  first  broken  into  square 
blocks  by  means  of  a  hammer,  and  are  fi- 
nally rotmded  into  spheres  or  small  balls 
bv  a  mill.     In  order  to  this,  they  are 

S laced,  from  100  to  150  at  a  time,  upon  a 
xed  slab  of  stone,  having  a  number  of 
concentric  circular  grooves  or  furrows 
made  in  its  fiat  surface.  Above  this 
stone,  another  fiat  slab,  or  block  of  oak, 
of  the  same  diameter,  is  supported  by 
means  of  a  lever,  and  turnea  round  by 
the  power  of  the  mill.  Durintr  the  rota- 
tory ai'tion  of  tin-*  mill,  small  threads  of 
water  are  made  to  enter  each  of  the  eon- 
contrie  trrooves,  which  favor  the  roufidiiii^ 
and  polisliing  of  the  balls,  and  prevent 


the  wood  fh>m  heating.    The  opentioii 

of  each  of  the  quantities  abovementioned 
lasts  for  a  quarter  of  an  hour,  and  the 
balls,  or  marbles,  become  perfectly  sphe- 
rioal  and  fit  for  sale.  Immense  quantities 
of  them  are  exported  to  India  and  China. 
A  mill,  with  three  turning-blocks,  will 
manufacture  60,000  marbles  a-week. 

MARBLE.  This  title  embraoea  such 
of  the  primitive,  transition,  and  purer 
compact  limestones  of  secondary  forma- 
tion, as  mi^  be  quarried  in  solid  blocks 
without  fissures,  and  are  susceptible  of  s 
fine  polished  surface.  The  finer  the 
white,  or  more  beautifully  variegated  the 
colors  of  the  stone,  the  more  valuable. 
ceteris  paribus,  is  the  marble.  Its  general 
characters  are  the  following : — 

Marble  eflfervesces  with  adds;  affords 
ouicklime  by  calcination ;  has  a  conchoi- 
aal  scaly  fracture ;  is  translucent  only  on 
the  very  edges ;  is  easily  scratched  by  the 
knife ;  'has  a  spec.  grav.  of  2*7  ;  aamits 
of  being  sawn  into  slabs,  and  receives  a 
brilliant  polish.  These  qualities  occur 
united  in  only  three  principal  varieties  of 
limestone ;  1,  in  the  saccharoid  limestone, 
so  called  from  its  fine  granular  texture  re- 
sembling that  of  loaf  sugar,  and  which 
constitutes  modern  statuary  marble,  like 
that  of  OaiTara ;  2.  in  the  foliated  lime- 
stone, consisting  of  a  multitude  of  small 
facets  formed  of  little  plates  applied  to 
one  another  in  every  possible  direction, 
constituting  the  antique  statuary  marble, 
like  that  of  Pares;  8,  in  many  of  the 
transition  and  carboniferous,  or  encrinitic 
limestones,  subordinate  to  the  coal  for- 
mation. 

The  saccharoid  and  lamellar,  or  statuary 
marbles,  belong  entirelv  to  primitive  and 
transition  districts.  Tlic  greater  part  of 
the  close-grained  colored  marbles  belonjf 
also  to  the  same  cfeolocical  localities ;  and 
become  so  rare  in  the  secondary  limestone 
formations,  that  immense  tracts  of  these 
occur  without  a  single  bed  sufticicntlv  en- 
tire and  compact  to  constitute  a  worlcuble 
marble. 

Marbles  abound  in  the  United  States 
both  fine-grained  and  coarse.  The  ouar- 
ries  in  the  neighborhood  ot  Philadelphia 
aft'ord  a  clouded  handsome  marble ;  at 
Thoniastown,  in  Maine,  a  similar  variety 
occurs.  Of  black  marble,  resembling  the 
Irish  lucuUite,  there  is  an  extensive  de- 
])osit  at  Shorehaiu,  Vermont,  which  fur- 
nishes the  chief  supply  to  the  Stiitcs. 
The  bed  lies  directly  on  the  shores  of  L. 
('haio|.lain.  so  that  the  blocks  when  lifted 
cai\  be  lraTisj)nrted  by  water.  Most  of  it 
goes  to  Middlebur^'to  be  polished.    In 
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tho  neighborhood  of  thin  last  town  a 
doudod  granular  marblo  is  foand :  a  dove- 
oolored  variety  is  quarried  at  Pittsford. 
Vt.,  OB  also  at  Great  Barrington  ana 
Sheffield.  The  white  marble  of  Conn, 
and  Westchester,  N.  Y.,  are  too  coarse 
and  granular  for  building  purposes,  be- 
sides having  tremolite  and  other  crystals 
scattered  through  them.  Verd  antique 
exists  in  Vermont  and  Conn. :  that  frum 
the  latter  State  being  most  beautiful. 
Variegated  and  shell  marbles  exist  in  the 
Western  States  ;  and  a  beautiful  conglo- 
merate (pudding  stone)  or  breccia  is 
found  at  tiie  base  of  the  Blue  Ridge,  Md., 
on  the  bank  of  the  Potomac,  60  miles 
above  Washington.  The  inner  columns 
of  the  Capitol  are  made  of  it. 

Of  cutting  and  polUhing  marble. — The 
marble  saw  is  a  tnin  plate  of  soft  iron, 
continually  supplied,  during  its  sawing 
motion,  with  water  and  the  sharpest  sand. 
The  sawinff  of  moderate  pieces  is  per- 
formed by  nand,  but  that  of  large  slabs 
is  moat  economically  done  by  a  proper 
mill. 

Tho  first  substance  nsed  in  the  polish- 
ing process  is  the  sharpest  sand,  which 
must  be  worked  with  till  tho  surfuce  be- 
comes perfectly  flat.  Then  a  second,  and 
even  a  third  sand  of  increasing  fliiencss  is 
to  be  applied.  The  next  substimee  is 
emery  of  proprresnive  degrees  of  fineness, 
after  whicn  tripoli  is  employed ;  and  the 
liist  polish  is  given  with  tin-putty.  The 
body  with  which  the  sand  is  rubbed  upon 
the  marble,  is  usually  a  plate  of  iron ;  out 
for  the  subsecjuent  process,  a  plate  of  lead 
is  used  with  tine  sand  and  emery.  The 
polishing  rubbers  are  coarse  lineii  cloths, 
or  bogging,  wedged  tight  into  an  irun 
planing  tool.  In  everj-  »top  of  the  opera- 
tion, tt  constant  trickling  supply  of  water 
is  required. 

MARGARIC  ACID.  The  substance 
into  which  tho  marjfarine,  or  concrete 
portion  of  certoin  oils,  is  converted  by 
the  action  of  alkalies.  It  has  a  pearly 
lustre,  and  is  insoluble  in  water  :  but 
readily  soluble  in  hot  alcohol,  which  de- 
posites  it  as  tho  solution  cools.  It  fuses 
at  14o^,  and  reddens  litmus.  It  closely 
resembles  stealic  acid,  but  is  more  fu.>*il)le. 

MARGARINE.  The  solid,  fatty  mat- 
ter of  certain  vegetable  oils,  hos  been 
thus  termed  by  Lecanu,  from  its  pearly 
lustre.  The  purest  margarine  is  obtained 
from  the  concrete  porti«)n  of  olive  oil. 

MARGARITIC  ACID.  A  <listinctlve 
term  opplied  to  one  of  the  fatty  acids 
which  result  from  the  sai)onification  of 
castor  oil.    By  the  same  process,  this  oil 


also  yields  the  ricinio  and  the  elaiodio 
acids. 

MARGARONE.  When  mar^aric  add 
is  mixed  with  quicklime  and  distilled,  a 
peculiar  fatty  product,  which  orvstallizea 
m  pearly  scales  is  obtained,  which  has 
been  distinguished  by  the  above  term 
from  other  analagous  substances. 

MARGIN  in  Printing,  is  the  arrange- 
ment of  the  pages  in  a  sheet  at  proper  aia- 
tances  from  each  other,  according  to  the 
size  of  the  paper ;  so  that  when  the  sheet  is 
printed  and  folded,  the  border  of  white 
paper  round  them  shall  bo  regular  and 
uniform  in  every  leaf  in  the  book. 

MARGIN  OF  A  COURSE.     In  Ar 
chitecture,  that  part  of  the  upper  side  of 
a  course  of  slates  which  appears  onoov- 
ercd  by  the  next  superior  course. 

MARINE  GLUE  is  made  by  mixing 
solutions  of  iudia  rubber  and  shellac  in 
coal-tar  naptha.  and  evaporating  tho  mix- 
ture :  it  is  melted  when  reqmred  to  be 
used. 

MARL,  is  compact  limestone  and 
argillaceous  matter,  and  essentially  com- 
posed of  carbonate  of  lime  and  day,  in 
various  proportions.  Marl  frequently 
contains  sand  and. other  foreign  ingredi- 
ents. It  occurs  in  masses,  either  com- 
pact, or  possessing  a  slaty  structure.  All 
solid  marl  crumbles  by  exposure  to  the 
atmosphere,  and  it  crumbles  more  easily, 
or  forms  a  more  tenacious  paste,  in  pro- 
portion as  it  is  more  argillaceous.  All 
marls  effervesce  with  acids,  sometimes 
very  briskly  and  sometimes  feebly,  accor- 
ding to  their  solidity  and  the  proportion 
of  carbonate  of  lime,  which  may  vary 
from  25  to  80  per  cent.  Earthy  marf, 
like  the  indurated,  may  be  either  calca- 
reous or  argillaceous.  It  sometimes 
greatly  resembles  clay,  but  may  be  dis- 
liiiifuished  by  its  effervescence  in  acids. 
Marl  is  found  associated  with  compact 
limestone,  chalk,  gypsum,  or  with  sand 
or  clay,  and  contains  various  orcnnic  re- 
mains, as  shells,  tish,  bones  of  birds  and 
of  quadrupeds,  and  sometimes  vegeta- 
bles. Its  most  (i^eneral  use  is  as  a  ma- 
nure, and  whether  a  calcareous  or  an  ar- 
gillaceous marl  will  bo  more  suitable  to 
a  given  soil,  may  be  determined  by  its 
tenacity  or  looseness,  moisture  or  dry- 
ness. 

Loam  is  sand  and  clay,  m/irl  is  lime- 
stone and  clay  ;  and  tho  more  lime  the 
better  as  manure,  and  the  less  the  better 
for  brick-making. 

The  compt>sition  of  marl  varies  in 
proportion  to  its  origin.  Sonie  of  the 
marls  in  western  New  York  are  gypsum 
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oontalnitiE  tO  »r  oent.  of  plaster.    Al- 
iDost    all    nmrfa   eantalD    phoapliiU    of 

ll  is  n  valimble  drensiiiit  for  land    but  it 
■hould  be  dug  out  uid  thut«d  prei  lousl; 

MAslltXJT.  Yollow  onido  of  lesd 
MAST.  A  loug  piece  or  avRlem  of 
pieces  of  timber,  plaoeJ  nearly  pcrptn 
dicular  to  the  keel  of  a  vessel  to  mi  port 
Che  varda  or  Euffa  on  whicli  tlie  eaih  are 
exteudtd.  When  the  maat  is  one  entire 
pie™,  it  is  called  a  polt-marl ;  but  in  all 
liir((er  vewela  it  is  composed  of  seienJ 
letigtbs,  eallcd  lamr,  lop,  and  lop-gallant 


The  metbod  of  sapportinj;  each  mast 
on  the  oue  next  below  it  is  peculiar      Ou 

below  the  head,  are  placed  cheeks     ou 
these  are  fixed   horiiontally   tnro  »iiort 

Siecea  of  wood,  fore  and  aft.  called  Invlle 
-w.  Acroiis  llic.'e  at  riifht  angles  ore 
laid,  before  and  abaft  Ilia  innst,  tnoor 
more  loneernnd  linhler  pieces,  cnllcdirnM 
(fWM,  which  (rive  tlie  uanic  to  (lie  clitiro 
■jviem.  On  the  luiul  liciHlilsclf  Isni'i/) 
The  loptiiast  belli)?  placed  up  and  down 
tha  fore  aide  of  tlie  lower  inuit  in  fmi/nl 
np  between  the  trcstlu  trees,  anil  Ihroiifrh 
the  TOiinil  or  foreina^t  hole  in  tin  mp 
When  raised  so  hi$ch  that  thp  kfl  of  the 
topmast ' *-  ■' "  -    -'■'  - 


.apic-eofimu, 
put  throiifrh  the  hole  in  ll 
purposi! ;  and  on  this  fld 
ends  are  i>u]>pi>ncJ  on  (h 


eel  t 


..     Wlii-n    Hrldc],   I 


the  cnw.1  tree*  sitic  nicri'lv  lo  .■iiencl 
the  rieifiiie.  Tho  topEnllimt  is  siip|x>rlt'<l 
)n  the  same  nianner  ou  llic  to  ,uin»t. 
When  llic  inaxt  a  to  he  tuhrn  down,  it 
U  llrst  raUerl  to  relievo  the  Hii ;  which 
bcins  drawn  out,  the  marl  is  hiii-ere.1. 

The  luiitts  are  aiipnorti-ii  hv  a  strong 
rope.  Iradiutf  forwiinl,  enlh-d  the  tlitii ; 
•"■others,  leadiuK  all  on  coi'li  side  nflho 


by  others  abreast,  ci 


l.,A:i.,. 


indul. 

MASTIO.  'a  cement  nscd  lalelv  i 

buihiiug  for  rlla^terill|c  walls.     It  is  nm< 


Tee  which  ([rows  in  the  Hedltemnean 

•bores  :  its  berries  yield  oil  and  the  wood 
is  ntcd  niedicin^ly  It  is  used  only  in 
vamiahes     Amot^  Che  Turks  the  women 

"  MATi  HES    Ll     FfR      The   tiiannfi«>. 


TOU    ]        It.rwnrHarided    Theprlrnary 
^t  .  l^hur^inuot  well  U   d»^ 

»«■   i      11     tl  1       ]  r    Inecd  by  it  is  Aral 


ret  laeiug  the  delonatinj;  action  of  chlorate 
orpDt4ish  for  the  •loner  combniiion  of 
nitrate  and  pho«pliorus  The  general 
print  iplo  conrtmed  in  the  action  of  all 
Ihi  St  mated.  *  is,  thai  Biib^lsnee-nas  phoa- 
phurus>,  liatine  a  fmA  alflnit)  f ir  ov; 

It  condenietl  into  a  small  sjore  im 
in  nitre  or  chlorate  olpolBsh^  *   thai  the 

mm  tnimse  nhub  abtuiiJ  in  nxiiien,  are 
oUlu  iiii\ed  tritli  tliL  nitrp  The}  act  In 
lilt  Huiue  lm>  when  they  ha\e  reached 

The  wood  Is  split  by  a  perforated  me- 
tal lie  pinte  having  a  aleel  fiH»  and 
slreugtheneiniyalieil-mflul  Wk.  Acoq- 
vriiii-nt  si«>  for  these  plnlcs  is  G  inches  X 


itH'tiinn  and  forced  tiiroiiirh  llie  holes, 
vliieh  are  sliuhtlj'  connlereiitik  to  favor 
he  enlnmee  and  aepnra^oii  of  the  wooden 


K.-'l  ndiii'orReilLwl n  pans 

'^'"■11  *V«* 

Melt  the  clue  with  water  into  a  jelly. 
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and  put  it  in  a  warm  place  to  melt ;  melt 
the  phoephorus  in  this  at  a  heat  of  140°, 
add  the  nitre,  then  the  lead,  and  lastly 
the  smalt,  till  the  whole  is  a  paste. 

Melt  a  little  white  wax  in  a  shallow 
vessel :  ohar  the  ends  of  the  wooden 
match  and  then  dip  them  in  the  wax ; 
shake  them  dry  and  then  dip  them  in  the 
paste.  When  dry  they  will  kindle  by 
lYiction. 

The  ordinary  matches  consist  of  nitre 
and  chlorate  of  potash,  sulphur,  gum, 
and  phosphorus,  colored  with  the  puce 
colored  oxide  of  lead. 

The  patefU  allumetUi  are  made  of  the 
firi)t  de»cribed  paste,  which  is  applied  to 
the  extremity  of  a  thin  wax  bougie. 

MATRIX.  In  Metallurgy,  the  stony  sub- 
stance in  which  crystalliue  minerals  and 
metals  are  embedded  is  freouently  termed 
their  matrix  or  gangue.  In  a  ye-sinkinc:  the 
matrix  is  the  indented  mould  fVom  which 
impressions  are  taken  in  relief.  Type- 
founders apply  the  term  to  the  iron 
moulds  in  wnich  the  letters  arc  oast. 

MATTER.  Substance.  Of  the  inti- 
mate nature  of  matter  the  human  facul- 
ties cannot  take  cognizance,  nor  can  data 
be  furnished,  by  observation  or  experi- 
ment, on  whicn  to  found  an  investiga- 
tion of  it.  All  we  know,  or  ever  can 
know  of  matter,  is  its  wnsiith  proj^rtU*. 
Some  of  these  are  the  foundation  of 
physical  science ;  others,  of  the  different 
subordinate  sciences,  as,  for  instance,  of 
chemistry. 

Matter  is  divisible  by  abrasion,  and 
other  means,  into  small  frngmentn,  which, 
when  the  division  is  carried  to  any  con- 
siderable extent,  are  called  particles.  It 
is  supposed,  however,  ond  many  reasons 
appear  to  justify  the  hypothesis,  that  it 
is  capable  of  reductioii  into  particles 
(called  atoms)  of  particular  forms,  and 
each  doss  having  its  own  proper  nuigiii- 
tudo  and  peculiar  properties  ;  that  deter- 
minate numbers  of  atoms  of  one  kind 
admit  of  combination  with  some  deter- 
minate number  of  another  kind,  or  of 
several  kinds,  ond  of  thereby  forming 
compounded  atoms,  having  properties  pe- 
culiar to  that  combination,  and  different 
from  the  known  properties  of  their  ele- 
mental atoms.  Tnese  solutions  and  com- 
binations result  from  properties  inherent 
in  the  atoms  themselves  ;  but  whether 
the  simple  classes  of  atoms  that  ore  be- 
lieved to  exist  are  themselves  really  pri- 
mary and  elemental  is  not  known,  and 
probably  never  c»m  be  with  certainty. 

In  larger  masses,  or  in  masses  of  aggre- 
gated atoms,  su  classed  that  their  peculiar 


properties  are  mntnally  neutralized,  ph»* 
nomena  are  exhibited  which  bear  a  great 
resemblance  to  one  another  through  con- 
siderable classes  of  such  compounds, 
whose  elements  we  have  reason  to  be* 
lieve  diflPer  very  considerably  ;  and  other 

Sroperties  are  found  to  exist  in  all,  and 
iffering  only  in  degree  or  intensity. 
These  last  are  the  subjects  of  physical  in- 
vestigation :  they  are  called  emphatically 
the  properties  of  matter ;  and  the  laws 
of  their  mutual  inflnences  are  the  founda- 
tion of  mechanical  philo§ophy.  These 
properties  may  be  regardea  as  either  es- 
sential or  contingent.  The  essential 
properties  of  matter  are  usually  reckoned 
the  following  : 

1.  Dimsiinlity^  or  the  property  which 
evtry  known  substance  possesses  of  being 
separable  into  parts,  and  these  again  into 
smaller  parts,  and  so  on  until  the  parts 
become  inappreciable  to  our  senses  ;  nor 
can  any  limit  be  placed  on  the  subdi- 
vision. 

2.  ImpenetrabilUv^  or  a  resistance  ex- 
erted by  every  body  to  the  occupation  of 
its  place  by  another.  This  resistance  is 
of  various  degrees  of  intensity,  depend- 
ent on  the  state  and  atomic  composition 
of  the  bodies  ;  but  no  two  bodies  can 
simultaneously  occcupy  the  same  place. 

8.  Porosity^  or  the  separation  of  the 
particles  or  atoms  from  each  other  by  in- 
tervals or  pores.  Every  substance  with 
which  we  are  acquainted  is  more  or  less 
porous. 

4.  Compr€«itihility^  or  the  property  in 
virtue  ol  which  the  volume  of  every 
body  may  be  contracted  into  smaller  di- 
mensions. 

Among  the  essential  properties  of  mat- 
ter may  also  be  incluaed  ftr^^n*?on  and 
'  jitjure  ;  but  these  belong  also  to  space, 
and  form  the  subject  of  geometry. 

The  contingent  properties  ot  matter 
are  mohUitif  and  iceujld.  Matter  in  every 
form  is  capable  of  being  moved  from  one 
place  to  another  ;  and  every  substance 
gravitates  towards  the  centre  of  the 
earth.  But  motion  has  reference  to 
space,  and  weight  to  the  attraction  of 
other  mjitter. 

The  above  are  the  general  properties 
of  matter,  upon  which  physical  investi- 
gations depend.  There  are,  however, 
various  other  qualities  bel(»nging  to  par- 
ticular substances,  or  to  matter  in  par- 
ticular states,  the  consideration  of  which 
is  important  in  mechanical  philosophy. 
Among  these  the  priiu-inal  are  (hxxtic'ity^ 
fluidUy^  hartitir/m^  7'h/'ntity^  aoUdity — for 
which  see  the  respective  terms. 
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MAUNDBIL.    In  Coal  Mines,  a  pick 

with  two  shankfi. 

MEERSCHAUM:  already  aUuded  to 
under  Maonesia.  It  consisls,  according 
to  Klaproth,  of  ftilica,  41*5;  magneflia, 
18*25 ;  wat«r  and  carbonic  acid^  89. 
Other  analysts  give,  silica  50,  magnesia 
25,  water  25.  It  occurs  in  veins  or  kid- 
ney-shaped nodules,  among  rocks  of  ser- 
pentine, at  E^ribos,  in  the  island  of  Ne- 
gropont,  Eski-Schehir  in  Anatolia,  Brus- 
sa  at  the  foot  of  Mount  Olympus,  at  Bol- 
dissero  in  Piedmont,  in  the  serpentine 
veins  of  Cornwall,  ana  at  Hobokeu,  N.  J. 

When  first  dug  up,  it  is  soft,  greasy, 
and  lathers  like  soap  :  and  is  on  uiat  ac- 
count used  b\'  the  Tartiirs  in  washing 
their  linen.  The  well-known  Turkey  to- 
bacco-pipes are  made  from  it,  by  a  pro- 
cess analogous  to  that  for  making  pottery 
ware.  The  bowls  of  the  pipes,  when  im- 
ported into  Germany,  are  prepared  for 
sale  by  soaking  them  first  in  tallow,  then 
in  wax,  and  finally  by  polishing  them  with 
ahavc-grafls. 

MELLITIC  acid,  which  is  associutod 
with  alumina  in  the  mellite  or  honoy- 
stone,  crystallizes  in  small  colorlc!*s 
needles,  is  without  smell,  of  a  strongly 
acid  taste,  permanent  in  the  air,  soluble 
in  water  and  alcohol,  as  also  in  boiling 
hot  concentrated  sulphuric  acid,  but  is 
decomjiosed  by  hot  nitric  acid,  and  con- 
sists ot  50*21  C4»rbon,  and  49-7U  oxvjrfn. 

MENACHANITE.  An  ore  oV  Tita- 
nium, found  in  Entrland. 

MEKCATOK'S  CllAKT,  or  PROJEC- 
TION. A  reprcpcntntion  of  tho  s]ihere 
on  a  plane,  in  which  the  mcritliiins 
uro  represented  by  e<[ni<risf;int  parallel 
straight  lines,  antl  the  parallels  of  Intitndc 
also  by  Btraiglit  Hues  jH'r|K'ti(iieiilar  to  the 
meridians.  Tiiis  projection,  wliicli  is 
universally  ndojitod  for  nautical  charfs, 
by  reason  of  the  facilities  which  it  allonls 
in  naviLMtion  from  the  circumstance  that 
the  rhumb,  or  sailirii;  course  i)ewecn  two 
point**,  ia  represented  by  a  straiirht  line, 
was  invented  by  (ierard  Mcrcaf(»r  (his 
true  name  wiu<«  Kdufinan^  of  wijich  Mer- 
cator  is  the  Latin  equivalent),  a  native  of 
Rupeliiionde,  in  K;ist  Flanders,  born  in 
the  year  ir>r2.  Rut,  tlioiii:h  Mercator 
gave  Ills  name  4o  the  projeelion,  it  does 
not  appear  that  he  knew  tlie  law  aeeord- 
injr  to  which  the  »listaiice  ol"  the j'arallels 
from  tlic  e<iualor  iiicreuscs.  The  true 
principles  of  the  constru«'tion  were  t'ouiid 
Oy  E.lward  Wriirht,  of  (aius  rollej/e, 
Canilindire,  \vh(»  explained  them  in  iiis 
treatise,  entitled  'J'hi  <  'nrrn  !i>>u  ot\')  rtmn 
errars  in  jS'an\/iititm^  published  in  lo<«9, 


and  are  as  ibUows :  Suppose  OLe  cf  the 
meridians  on  the  globe  to  be  divided  into 
minutes  of  a  degree ;  one  of  these,  taken 
at  any  parallel  of  latitude,  will  be  to  a 
minute  of  longitude,  taken  on  that  par- 
allel, as  the  radius  of  the  e<^nator  to  the 
radius  of  the  parallel ;  that  is,  as  radios 
to  the  cosine  of  the  latitude,  or  as  the 
secant  of  the  latitude  to  radius.  This 
proportion  holds  true  on  the  map  in  this 
sense,  that  if  a  minute  of  the  equator  be 
taken  as  the  unit  of  a  scale,  and  that  unit 
be  considered  as  the  radius  of  the  tables, 
tlien  the  representation  of  a  minute  ol 
latitude  will  be  expressed  by  the  numbei 
in  the  trigonometncal  tables  which  is  the 
secant  of  that  latitude.  Hence,  in  the 
map,  while  the  degrees  of  longitude  an 
all  eaiial,  the  degrees  of  latitude  marked 
on  tne  meridian  form  a  scale  of  which 
the  distances  go  on  increasing  from  the 
eqimtor  towards  the  poles,  each  being 
(approximately)  the  sum  of  the  secants 
ot  all  the  minutes  of  latitude  in  the  de- 
gree. The  numbers  resulting  fh>m  Uie 
addition  of  the  secants  of  the  successive 
minutes,  reckoned  fVom  the  eouator, 
form  a  scale  of  meridional  parts,  wnich  is 
eriven  in  all  books  of  navigation.  The 
very  remarkable  property  of  this  projec- 
tion, namely,  that  tlie  divisions  of  the 
meridian  are  analogous  to  the  excesses  of 
the  logarithmic  tangents  of  half  the  re- 
spective latitudes  augmented  by  45°, 
above  the  logarithm  of  the  radius,  was 
discovered  by  Bond  about  the  vear  1645; 
but  was  first  denjonstrated  W  James 
(iretrory,  in  his  t^jfrntaiiimes  Mathema~ 
ftra,  published  in  lf)6H. 

I  MERCURY.  This  metal  is  found 
cliiefiy  in  the  state  of  ftulphurft,  whicli  is 
decomposed  by  distillation  with  iron  or 
lime.  It  is  also  found  ruitire.  Mercury 
is  the  only  inetid  which  is  litjuid  at  com- 
mon temperature  ;  it  is  white  and  very 
brilliant.  It  freezes  and  assumes  a  crvs- 
talline  texture  at  40°  below  zero.  Its 
s]»ecific  gravity  is  l;i*5.  It  boils  at  660*^, 
and  its  vapour  condenses  upon  cool  sur- 
faces in  minute  brilliant  globules.  It  is 
not  altered  by  exposure  to  air  at  common 
temperatures,  but  when  kept  in  vessels 

I  to  wiiich  air  has  access,  at  a  temperature 
near  its  boilintr  i>oint,  it  gradually  be- 
comes converted  nito  a  deep  red  ervstal- 
liue  substance,  whicli  is  the  p^rox-i3e^  or 
rtil  o.r'uit ,  i.f  THrri'urtf.  When  mercury  is 
dissolved  in  cold  dilute  nitric  acid,  the 
pure  alkalis  tlirow  it  down  in  the  form  of 
/'///./•  profoxi/it-.  The  same  oxide  is  also 
obtuined  by  trituratiiu^  calomel  with  so- 
lution of  cau.-tie  potwsh.     These  are  the 


] 


OTOLOFBDIA  OF  THB  UBSFUl  ABI& 


858 


onfy  definite  oxides  of  mercnry.  The 
eqaivalent  of  this  metal  is  about  200,  and 
the  oxlde^f  oonsistiog  respectively  of  1 
atom  of  mercury  and  1  of  oxyioren,  and  1 
and  2  are  represented  by  2O0+B=208, 
and  200+16=216.  Mercury  is  represent- 
ed in  chemical  formulse  by  Hg.^  fsoxxi  the 
Latin  hvdrarayi^m,  literally  signifying 
water  silver.  The  symbol  of  the  protox- 
ide will  then  be  (A^.+o.),  andof  tiie  per- 
oxide {h^.  +  2  o.).  Each  of  these  oxides 
combines  with  the  acids,  and  produces 
the  prototalts  and  peraaUs  of  mercury. 

Mercury  and  Chlorine. — There  are  two 
chlorides  of  mercury  j  a  protochloride  or 
calomel,  and  apercMoride  or  corrosive  evb- 
hffiate.  Calomel  may  be  obtained  by 
mixing  60  parts  (1  ec^uivalent)  of  com- 
mon salt,  or  chloride  ol  sodium,  with  248 
parts  (1  equivalent)  of  protosulphato  of 
mercury,  and  exposing  toe  mixture  in  a 
proper  subliming  vessel  to  a  red  heat; 
the  chlorine  of  the  salt  combines  with 
the  mercury  of  the  sulphate  to  form  pro- 
tochloride of  mercury  (consisting  of  200 
mercury  and  86  chlorine);  and  the  so- 
dium ot  the  salt,  uniting  with  tlie  oxygen 
of  the  oxide  of  mercur\',  becomes  soda, 
which,  with  the  sulphuric  a«.'id,  forms 
sulphate  of  soda.  Calomel  may  alno  be 
obtained  bv  mixing  200  parts  ot  mercury 
with  272  ot  corrosive  sublimate,  and  sub- 
liming the  mixture.  "When  thoroughly 
washed  and  levigated,  calomel  is  a  taste- 
less, white  powder  ;  its  spceitlc  gravitv  is 
7'2.  When  heated  it  acquires  a  yellow 
color ;  and  at  a  temperature  below  red- 
ness it  rises  in  dense  white  fumes,  which 
arc  deposited  in  the  form  of  h  white  pow- 
der upon  cold  surfaces.  It  is  insoluble  in 
water.  When  hastily  sublimed  it  often 
becomes  a  crj'stnliine  hornv  mass,  and 
occasionally  Vonns  beaut ilul  prismatic 
crystals.  It  is  sometimes  found  native; 
forming,  however,  a  very  rare  ore,  culled, 
fh>m  ita  appearance,  horn  quicktttlrer. 

Perchlonde  of  rnercurv,  or  corroRive 
sublimate,  is  obtained  \)y  sublinmtion 
from  a  mixture  of  120  parts  of  ooniinou 
salt  (or  2  equivalents),  and  for  21i6  (or  1 
equivalent)  of  persulpliate  of  mercnry. 
It  rises  in  the  form  ot  a  white  cry«tiiHine 
subi^t^mcc,  of  an  acrid  metallic  taste, 
hiifhly  poisonous,  soluble  in  20  parts  of 
cold  ana  in  2  of  boiling'  water.  Its  spe- 
cific gravity  is  5-2.  When  heated  it  eva- 
porates in  acrid  fumes,  at  a  teinperature 
Dclow  tliat  required  for  the  volatilization 
of  calomel.  (Jorroj^ive  sublimate  is  a 
compound  of  1  equivalent  ()f  inorciiry 
and  2  of  chlorine,  in  the  alK)ve  process 
for  preparing  it,  the  chlorine  is  funiished 


by  the  chloride  of  sodium,  and  snlphats 
or  soda  is  the  other  product. 

Bisftlpkuret  of  Mercury,  known  also  \sj 
the  name  of  cinnabar  or  vermilion,  is 
prepared  artificially  by  heating  together 
100  parts  of  merctry  with  about  20  of 
sulphur;  they  form  a  black  compound, 
which,  when  strongly  heated,  rises  in  the 
form  of  a  deep  cnmson-colored  sublim- 
ate; this,  reduced  by  long  trituration 
into  a  fine  powder,  acquires  a  brilliant 
red  color.  It  is  tasteless,  and  insoluble 
in  water ;  it  consists  of  200  mercury  and 
82  sulphur,  or  {Jig.  +  2  «.)  A  black  pro^ 
tosvlphvret  of  mercury  (Ap'.  +«.)  is  preci- 
pitated by  sulphuretted  liydr(^en  from  a 
solution  of  the  protonitrate.  When  a 
mixture  of  equal  weights  of  finely-pow- 
dered peroxide  of  mercury  and  Prussian 
blue  is  boiled  in  water  till  the  blue  color 
disappears,  the  solution  yields,  when  fil- 
tered and  evaporated,  a  crop  of  straw- 
colored  prismatic  cr\'stals,  which  are  W<y- 
anvret  of  mercury :  2  cy.  +  ha. 

Mercury  is  found  in  various  parts  of 
the  world.  Among  the  principal  mines 
are  those  of  Almaden,  near  Cordova,  in 
Spain  ;  Idria,  in  Carniola ;  Wolfsteinand 
Aiorsfield,  in  the  Palatinate;  Guanca 
Velica,  in  Peru.  It  is  stated  by  Dr.  A.  T. 
Thompfion,  in  his  jyi^ju-nsatory.  that 
most  of  the  mercury  used  in  England  is 
brought  from  Gennuny.  But,  whatever 
may  have  been  the  cu.sc  formerly,  this  is 
not  certainly  true  at  present.  On  the 
contrurj',  of  814,286  lbs.  of  quicksilver  im- 
ported'into  England  in  1S31,  none  was 
brought  from  Germany:  2G9,r>.')8 lbs.  were 
brought  direct  from  Spain,  and  18,714  lbs. 
from  Gibraltar :  of  the  latter  a  part  was 
derived  from  Carniola,  and  a  part  fVom 
Spain;  81,014  lbs.  were  brought  from 
Italv.  Only  11>2,810  lbs.  were  retained 
for  home  consumption  in  1881.  Quick- 
silver is  j)roduced  in  several  of  the  pro- 
vinces ot  China.  During  the  war,  wnen 
the  intercourse  between  Europe  and 
ATneriea  was  interrui>ted,  the  price  of 
quicksilver  rose  to  such  a  height  in  the 
latter  that  it  answered  to  import  it  from 
China ;  but  since  the  peace  it  has  been 
rcL'ularly  exported  to  the  lotter.  At  an 
average  of  the  14  vears  ending  with  182S, 
the  im]>ortsof  qufcksilver  by  the  English 
and  Americans  into  Conton  amounted  to 
04^,085  lbs  a-ycar,  worth  840,'JJ)2  dollars. 
The  sulphuret  is  found  in  abundance  in 
Calitornia;  the  boulders  bcin^'  mostly 
composed  of  nati\e  cinnal'ar.  From  the 
attention  (»f  the  population  beiner  wholly 
turned  on  gold,  tlicse  stones  were  ne- 
glected, and  the  quicksilver  necessary  for 


unilnmariar.  w  imported  ttom  Chin*. 
Beslileii  ils  u^en  in  medicine,  mercury  is 
extensively  employed  iu  tlie  Bmulzninn' 
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A  new  procosi  for  the  distillation  of 
mercuiT  has  been  proposed  by  M.  Vio- 
lette.  It  (Wnai^lH  iu  immeraing'ihe  rnsss 
in  a  current  nf  the  vapor  of  water,  heat- 
ed tVom  sail"  to  400°  Pent.  The  vapor 
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vtlne  to  ficienoe.  Its  great  density  and 
its  reiBTular  rate  of  expauniou  and  contrac- 
tion by  increase  and  diminution  of  tem- 
perature, give  it  the  preference  over  all 
liquids  for  filling  barometric  and  thermo- 
metric  tubes.  In  chemistry  it  furnislica 
the  only  means  of  collecting  and  manipn^ 
lating,  in  the  pneumatic  trough,  such 
gaseous  bodies  as  are  condensable  over 
water.  To  its  aid,  in  this  respect,  the 
modern  advancement  of  chemical  discov- 
erv  is  pre-eminently  due. 

^his  metal  alloyed  with  tin-foil  forms 
the  reflecting  surface  of  looking-glasses, 
and  by  its  ready  solution  of  gold  or  silver, 
and  subsequent  dissipation  by  a  moder- 
ate heat,  it  Dccomes  the  great  instrument 
of  the  arts  of  srildiug  and  silvering  copper 
and  brass.  The  same  property  makes  it 
so  available  in  extracting  these  precious 
metals  from  their  ores.  The  anatomist 
applies  it  elegantly  to  distend  and  display 
tiie  minuter  vessels  of  the  lymphatic  »ys- 
tem,  and  secretorv  systems,  by  injecting 
it  with  a  svringe  tlirough  all  their  convo- 
lutions. It  is  the  basis  of  many  very 
powerful  medicines. 

Mercury  dissolve.**  all  the  metals  except 
iron,  forming  amalgams  with  th(nn. 
Witli  araeuic  and  antimony  by  heat. 

Mercury  may  be  cleansed  by  forcing  it 
through  chamois  leather,  hazel  wood,  or 
a  cone  of  fine  paper.  Sometimes  it  is 
shaken  in  a  bottle  with  powdered  loaf- 
sutrsr,  and  then  passed  throuirh  a  paper 
funnel.  If  mixed  with  other  metiils,  it 
should  be  diittilied. 

The  nitrate  of  mercnrj'  is  employed  for 
the  aecretage  of  rabbit  and  hare-s*kina, 
that  is,  for  oommunieatiug  to  the  fur  of 
these  and  other  quadrupeds  the  faculty 
of  felting,  which  they  clo  not  naturally 
possess*.  With  this  view  the  solution  of 
that  salt  is  applied  to  them  lightly  in  one 
direction  with  a  spontre.  A  coinjiound 
amalgam  of  zinc  and  tin  is  probably  the 
best  exciter  which  can  be  afiplied  to  the 
cushions  of  eleclrioal  machines. 

The  onlv  mercurial  compounds  which 
are  extensively  used  in  the  arts,  are  facti- 
tious cinnabar  or  vermillion,  and  corro- 
sive sublimate. 

MERCURY,  BICHLORIDE  OF;  is 
made  bv  subliming  a  mixture  of  etjual 
parts  of  ncrsul[»hate  of  mercury-,  prepar- 
eti  as  below  described,  and  sen-salt,  ni  a 
stoneware  cucurbit.  The  suhliniale  rises 
in  vapor,  and  incrusts  the  glnhiilar  jjluss 
Capit;U  with  a  while  mass  of  small  pris- 
matic needles.  Its  specific  gravit\  is  .'j-14. 
Its  Uu*te  is  acrid,  styjito-mctallic,  and  ex- 
ceedingly unpleasant.     It  is  soluble  in  20 


parta  of  water,  at  the  ordinary  tempersr- 
ture,  and  in  its  own  weight  of  boiling  wa- 
ter. It  dissolves  in  2i  times  its  weight 
of  cold  alcohol.  It  is  a  very  deadlj^  pois- 
on. Raw  white  of  e^v^  swallowed  ni  pro- 
fusion, is  the  best  antidote.  A  solution 
of  corrosive  sublimate  has  been  long  em- 
ployed for  preserving  soft;  anatomical  pre- 
parations. By  this  means  the  corpse  of 
Colonel  Morland  was  embalmed  in  order 
to  be  brought  from  the  seat  of  war  to 
Paris.  His  features  remained  unaltered, 
only  his  skin  was  brown,  and  bis  body 
was  so  hard  as  to  sound  like  a  piece  of 
wood  when  struck  with  a  hammer. 

MERCURY,  PROTOCHLORIDE  OF. 
This  compound,  so  much  used  by  medical 
practitioners,  is  commonly  prepared  by 
triturating  four  parts  of  corrosive  subli- 
mate along  with  three  parts  of  running 
quicksilver  in  a  marble  mortar,  till  the 
metallic  globules  entirely  disappear,  with 
the  production  of  a  black  powaer,  which 
is  to  be  put  into  a  glass  balloon,  and  ex- 
posed to  a  subliming  heat  in  a  sand  bath. 
The  calomel,  which  rises  in  vapor,  and 
attaches  itself  in  a  crystalline  crust  to  the 
upper  hemisphere  of  the  balloon,  is  to  be 
detached,  reduced  to  a  fine  powder,  or 
levijfttted  and  elutriated.  200  Ids.  of  mer- 
curv  yield  236  of  calomel  and  272  of  cor- 
rosive sublimate. 

The  following  more  economical  process 
is  that  adopted  at  the  Apothecaries'  Hall, 
London.  140  pounds  of  concentrated  sul- 
phuric acid  are  boiled  in  a  cast-iron  pot 
upon  100  pounds  of  mercury,  till  a  ary 
ptiosphate  is  obtained.  Of  this  sidt.  124 
pounds  are  triturated  with  81  pounds  of 
mercury,  till  the  globules  disappear,  and 
till  a  protosnlphate  be  formed.  This  is  to 
be  intimately  mixed  with  6S  pounds  of 
sea-salt,  and* the  mixture,  being  put  into 
a  larirc  stone-ware  cucurbit,  io  to  be  sub- 
mitted to  a  sublimintr  heat. 

From  llMj  to  'JOO  pounds  of  calomel  nso 
in  a  crystalline  cake,  as  in  the  former  pro- 
cess, into  the  capital;  while  sulphate  of 
sotla  reinains  at  the  l>ottOTn  of  tne  alem- 
bic. The  calomel  must  be  ground  to  an 
impalpable  jx'wder,  and  elutriated.  Tiie 
vap'irs,  insteafl  of  being  condensed  into 
a  cake  within  the  top  of  the  einbc  or  in  a 
cai'ital,  may  be  allowed  to  ditVuse  them- 
selves into  a  close  vessel,  containini:  wa- 
ter in  a  state  of  ebullition,  whereby  the 
calotnel  is  ol)taiiu'(l  at  once  in  tiie  torni  of 
a  washed  iii)]tal|>iiblc  ]»<»\vder.  <'al(»inel 
is  tasteless  aii<l  insoluble  in  water.  Its 
spefitif  L'^ravitv  is  7"170. 

.MKKcrUY'  (  Fi  i.MiNATiNoX  A  fulmU 
natirnj  preparation  of  mercury  is  obtained 
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by  dissolving  100  grs.  in  It  oz.,  by  mea- 
sure, of  nitric  acid.  This  solution  is 
poarod  (cold)  into  2  oz.,  by  measure,  of 
alcohol,  in  a  glass  vessel,  and  heat  is  ap- 
plied till  effervescence  is  excited,  though 
it  ordinarily  comes  on  at  common  tem- 
peratures. A  white  vapor  undulates  on 
the  surface,  and  a  powder  is  gradually 
precipitated,  which  is  immediately  to  be 
collected  on  a  filter,  well  washed,  and 
cautiously  dried.  100  grains  of  quick- 
silver affords  180  gre.  of  salt.  100  parts 
of  it  consists  of — 

Peroxide  of  Mercury. 76 

Fulminic  acid 24 

100 

When  well-made,  it  undergoes  no  change 
from  weather.  It  is  in  white  grains,  or 
short  needles,  when  pure ;  it  detonates 
when  struck,  or  on  being  heated  to 
870°  F.  This  powder  detonates  loudly 
by  gentle  heat  or  friction.  It  is  used  as 
the  match-powder,  or  priuiiiijsr,  for  the 
percussion  caps  of  aetonatin^  locks.  Two 
grs.  and  a  half  of  it,  mixed  with  one-sixth 
of  that  weight  of  gunpowder,  form  the 
quantity  for  one  percussion  ctip. 

A  sou  mastic  varnish  is  the  best  for 
making  it  adhere  to  the  cap.  These  caps 
are  sold  in  Paris  for  three  francs  per  thou- 
sand. 

MERCURY  (ScLpnTTRE-re  of).  There 
are  two  sulphurcts,  the  black  and  the  red, 
OT  the prot^t-ftufphuref^  and  tho  d^uto-jtul- 
pliuret.  The  hrst  is  forincd  by  rubbing 
vigorously  in  a  glass  or  porcelain  mortar 
three  parts  of  sulpliur  and  one  of  incr- 
curv,  or  by  adding  mercury  at  intervals, 
and  witli  agitation,  to  its  own  Wf  iirht  of 
melted  sulphur.    The  second,  which  is 


commonly  called  evnnabar,  or  wntiiUon^ 
is  formed  by  subliming  the  proto-sulphu* 
ret.     The  process  consists  in  grinding 
tog^ether  150  lbs.  of  sulphur  and  1080  of 
quicksilver,  and  then  neatinff  the  mix- 
ture in  a  cBAt-iron  pot,  two  ana  a  half  iS^ 
in  diameter  and  one  foot  deep,  precaiw 
tions  beinff  taken  that  the  mixture  does 
not  take  nre.     The  calcined  Ethlops  is 
then  ground  to  powder,  and  introdaoed 
into  ^ots  capable  of  holding  twenty-fbar 
oz.  ol  water  each,  to  which  are  att&ched 
subliming   vessels,    or    bolt   heads    of 
earthenware.     The  sublimation  usaallj 
takes  thirtv-six  hours,  when  the  subli- 
mers  are  taken  out  of  tne  fUmace,  cooled 
and  broken. 

It  is  this  compound  which  is  the  most 
valuable  native  ore  for  obtaining  the  me- 
tal from.  The  bcautifid  red  is  obtained 
by  subUmation ;  when  native,  it  is  dark 
colored. 

METALS  are  a  very  numerous  dasa 
of  simple  bodies,  and  are  distin^shed 
by  their  very  peculiar  lustre  arising  out 
of  their  opacity  and  reflective  power  in 
regard  to  right.  They  conduct  electricity 
anil  licat ;  and  they  have  not  been  re- 
BoH.'^ed  into  other  forma  of  matter,  so  that 
they  are  regarded  as  simple  or  elemen- 
tary substances.  When  their  compounds 
are  electrolysed  the  metals  appear  at  the 
negative  surface,  and  are  hence  consider- 
ed as  electro-positive  bodies.  They  are 
enumerated  in  the  following  table,  to- 
gether with  the  names  of  the  chemists  by 
whom  they  were  discovered,  the  date  of 
tlieir  discovery,  their  specific  gravities, 
melting  points,  equivalent  or  atomic 
wcijjjhts,  and  svmbolic  abbreviations. 
For  their  individual  distinctive  charao- 
ers,  see  the  respective  metals. 


Xanips  of  Metal*. 


1. 

2. 
8. 
4 

5. 
6. 
7. 

8. 

9. 
10. 
11. 
12. 
18. 
U. 

ir». 

la 


Gold 0 

Silver J) 


Iron 

Coppor 

Mercury.. 
Loiul...'. .  . 

Tin 

Antimony 
Bismutli. . 

Zinc 

Arsenic  ... 
Cobalt.... 
I'lfttinum. . 
Nioiccl. . . . 
Muii^nncfio 
Tungsten. . 


Autlioro,  ami  T>Mf«o  of  their 


9 

4J 


(Known  to  t])e  ftncionK  nnd 
reprosfntc*!  by  tlio  aiinox- 
0(1  planetary  symbols 
with  wliieli  tiicy  were 
Rup[»o>e<l  to  bo  inyslori- 
ously  cunncclc'd.) 

Basil  Valentine 14f)0 

Aprieola V*M^ 

Panicelsus  ? ir>:^i' 

Brandt ITJW 

Wood 1741 

Cronhtadt IT.M 

(uihn 1774 

D'Elliuiart 1781 

•  Smith 'i  Forfo. 


19-25 
10-47 

7-7S 

l.V5t> 

11  •:{,') 

7-29 

6-7(1 

9<s<) 

71M» 

5-sS 

2o-l»s 

S-27 

17  (JO 


Melting  Po 

ints. 

Kqiiivalont 
WciKbla. 

F»kr. 

2016^ 

200 

1873 

110 

2SM)  ?  8. 

f.  * 

2S 

1996 

64 

89 

200 

f.l2 

104 

442 

58 
65 
72 

497 

773 

82 
88 
80 

2^10? 

oil.  bp-t 

96 

2hlOV 

2S 

s.  f. 

28 
100 

Abbrrviationa 
or  Symbol*. 


an. 

■«• 
fe. 

CO- 

hg. 
pL 

Bt 

sb. 
bL 
zn. 
ar. 
oa 

pL 
nL 

mn. 

to. 


t  Oxy-bjdrogrn  blow-pip«. 


] 
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85? 


Hi 


oTMatala. 


17.  Tellnrlam 

18.  Molybdena 

19.  Uranium. .m.. 

20.  Tltaniam 

81.  Chromiam 

Si.  Colambium.. . 
S&PalladiuDx...  ( 
S4  Rbodlam.  ..  ( 

».  Iridiam \ 

2ft.  OBmiam f 

2T.  Cerium 

28.  Potamium...  'l 
89.  Sodium | 

80.  Barium > 

81.  Strontium...  1 

82.  Calcium J 

88.  Cadmium 

84.  Lithium. 

&5.  Silicium.....  ) 

86.  Zirconium...  f 

87.  Aluminum, 

88.  Olucinom. 

89.  Yttrium.. 

40.  Thorium 

41.  Magnesium..., 

42.  Vanadium...., 

48.  Pelupium 

44.  Niobium 

46.  Erbium 

4ft.  Terbium 

47.  Buthtjnium. . . 

48.  Aridium 

49.  Lanthanum... 

60.  Didymium . . . 

61.  Nonnm 


•ad  Da(«c  of  their 
very. 


Muller 1782 

llielm. 1782 

Klaproth 1789 

Gregor 1791 

Vauquclln 1797 

Hatcbett 1802 

Wollaston. 1806 

Tennant 1808 

Hlalnger 1804 


Spcciflo 
GnvitT. 


Davy. 


1807 


Stromeyer. 1818 

Arfwedson. 1818 


im..  I 
n...  V 

t  •  •  •  •    1 


Berzeliua. . 


1824 


Wdhler. 1628 

Berzeliua 1829 

Buasy 1829 

Seftstrom. 1880 

ILRose 1848 

H.Rose 1848 

Mosandcr " 

Mosander " 

Claus 1844 

Ulgreu... IWV) 

Mosandcr Ii42 

Mosander. " 

Svanberg 1846 


Tlie  specific  characters  of  minerals  are 
three.  Specific  gravity,  hardness,  and 
crystaline  form,  whicli  last  is  either 
rhombohedral,  pyramidal,  prismatic,  or 
tcsaular ;  i.  r,  hexagonal.  A  collection  of 
similar  species  are  a  genus,  of  generas  an 
order,  and  of  orders  a  cla.ss. 

There  are  seven  metals  with  proven  al- 
kaline bases ;  potassium,  sodium,  barium, 
strontium,  calcium,  magnesium,  and 
lithium. 

There  are  six  with  earthy  bases ;  alu- 
minum, glucinum,  cerium,  yttrium,  zir- 
conium, and  thorium ;  t.  ^.,  fonned  by 
reducing  the  earths  to  metaJs  bv  ab- 
stracting oxygen  from  the  earths.  ^Vhen 
these  metals  are  oxidized,  the  products 
are  white  powders,  without  flavor.  The 
rest  of  the  metals  can  hardly  be  classed 
together,  as  they  have  few  properties  in 
common. 

Oxides  of  iron,  nickel,  cobnlt,  and  tiuui- 
ganese,  are  irreducible  in  fire,  but  dis- 
solve in  acids. 

Oxides  of  p^ld,  platinum,  and  four 
others,  are  reauced  to  the  metallic  state 


ft-11 
7-40 
900 
6-80 


Meltinir 
PoinU. 


ii-eo 


0-8fl 
0-97 


8-ftO 


I 


J'aAr. 
820? 

oh.  bp. 
oh.  bp. 
oh.  bp. 
oh.  bp. 
oh.  bp. 


oh.  bp. 
oh.  bp. 
oh.  bp. 


18« 
190 


442 


EqniTklent 
WeishU. 


82 
48 

217 
24 
28 

186 
64 
46 
9ft 

loo 

48 
40 
24 
70 
44 
20 
6ft 
10 
8 

80 
10 
18 
82 
ftO 
12 
68 


AbbrcTiationa 
or  Symbol*. 


te. 

mo 

nr. 

tL 

or. 

ooL 

rh. 
ir. 

OS. 

ce. 

pa 

sa 

ba. 

a. 

ea. 

od. 

IL 

sL 

IT. 

al. 

th. 

mg. 

va. 

nb. 

er. 

tr. 

m, 

ar. 

lu. 

dy. 

no. 


by  heat  alone,  and  they  require  great 
heat  to  oxidate  them. 

Metals,  in  general,  seek  to  return  to 
their  original  state  as  oxides,  with  two 
or  three  exceptions  of  the  harder  kinds, 
arising  apparently  fVom  the  excess  of  a 
silicioiis  or  quartz  base  over  the  alkali, 
combined  during  their  electrical  genera- 
tion. 

Despretz  gives  the  following  table  of 
the  conducting  heat  of  metals  according 
to  the  following  figures : — 

Gold,  1000 ;  j)latinum,  981 ;  silver,  978 ; 
copper,  8118;  iron,  874;  zinc,  363;  tin, 
804 ;  lead,  179-6. 

Becquerel  gives  the  electrical  condnct- 
ing  power  as  follows  : — 

Coi)per,  100;  gold,  93*6;  silver,  78-6; 
zinc,  2ii'5  ;  ])latina,  16-4;  iron,  ir)-K  ;  tin, 
15-5 ;  lead,  8-3 ;  mercury,  3-5  ;  potussium, 
1-83. 

The  most  dudiU  and  vialhalh  of  the 
mctiiis.  in  order,  are  cadmium,  coi>per, 
gold,  iri<liuin,  iron,  lead,  <fcc.;  ana  tin 
and  zinc  the  least. 

The  most  brittle,  are,  antimony,  ar- 
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lie,  bismath  ;  and  tnngaten,  tiUniDm, 

d  urHtiium  the  leant. 

riie  mrMit  rocilfl  for  wire  poles.  In  order, 
•re  gold,  Bilver,  jjluliniim,  iron,  copper, 
_■_  .  .-_  i_.  1   ^^^  nickel. 


in,  lend,  nnu 


:o  plBtes,  or  ahoetg, 
~c   gold,  silver, 

Wlieo  metuls  require  lo  he  ffrannlatfd 
for  monufiiiHiiriug  purpoees,  they  are 
poured  into  water,  or  bnskiy  afitaleil  in 
B  box  while  conaealing,  by  wliioli  they 
foil  into  powder  ini-Cead  or  crystal  iziD)(. 
A  cullender,  or  ladle  with  holoa,  is  need 
in  dropping  into  water. 

Silver  may  be  reduecd  to  flno  grains 
bv  flnit  dissolving  it  in  nitric  aoid,  and 
tfien  immeming  a  pinte   of  copper,   to 

must  be  Hhnken  off  till  the  greater  port 
of  the  silver  has  settled  at  the  bottom, 
when  Ibt)  copper  nud  solution  nmy  be 
taken  Biray,  and  t)ie  precipitate  washed 

Copper  may  be  obtained  in  grains  In 
like  niaiiiier,  by  immersintc  (  plate  of 
iron  in  a  solution  of  the  copper  and  aiii- 
phnrio  arid.  When  the  iron  plale  is  put 
in.  ■  little  more  eulpharic  aeld  i<1jonld  ba 
added,  uid  tlia  copper  will  fall 

hlule    aulphn 

To  obtain  gold  in  powder,  disj 
In  ninriullc  add,  and  llien  add  pr 
pliatc  of  iroii.  Tlic  cold  will  lie  p 
tatcd,  and  then  it  should  lie  winlie 


rh'   iiMiii,  in.inim,  ogmiuni,  copper,  iron, 

tir.  i.  ,.|.  ,.iul  line.  i.  BrUtlt  and  trntSf 
fu-:       ItiMuiilh,   antimony.    leUnrium, 

aiX'l  A'-  i.ir.  3.  SritOr  aiiJ  digSa^  <^ 
/u..  ■■■        i\.)ihIi,     mangnneie,     chrome, 

—   '-  hi. 11!.,  urnniiim,  tungsten,  and  tit- 


liiv  is  considerably  tfftn 


with    faydri^en    intc 

ith  seleniuiL. 
into  ftitiuarM*  ;  with  Doron,  into  bomrtl* 
(borijnt);  with  chlorine,  into  eiloridtt; 
with  iodine,  into  («'Mh/  with  eyanojwn, 
into  rjunif/ri;  with  ailicon,  into  liUn^, 
and  witli  flunrine,  iatoJiuoriiUj, 

HETALI.UItOr.    Tlie  act  of  separat' 
ing  metals  tVom  their  ores-  with  an  ore 


fined  however  lo  this,  for  ores  are  rarely 
pure,  but  eonlain  earthy  in^rrdieiita, 
.  lV>ri;ign  to,  anri  injurious   in,   the  al\er 


dissolvi 

If  it  in  ai 

i[i-nii'rii,lc     and 

mccliniiiiiil  nud  ehcinical.    Tlie  inechan- 

heating 

t  in  a  cruf 

oreduf-,  (ill  no 

ic:d  priHi'sses  cnnsist  in  picking,  stamp- 

more  ( 

nica  arise. 

It 

then    rc«.mblcs 

ing,  and  wa>hiiiB.    Almost  all  orea  Me 

■ponge. 

pi,-t'J  by  old  men,  women  and  children. 

Zinc  i 

rodudhle 

toll 

la-iT'iroiiinorla'r 

After  the  lantcrlimips  nra  broken  by  the 

hot,  if  I 

oundcd  b} 

hammer,   tlu!],   use  "hand    hammera  on 

ed  pt'-llc. 

these  lm.kcn  pici-ca,  and  then  pick  and 

IVbi-i 

platiim  i 

vcd  with  other 

son  on  ir.in  inivs  tlio  riclie.t  lump*  of 

metid". 

t  VlSMU.-^ 

..tu 

rewithllu'm. 

ore.    These  are  at  once  lit  for  smelling. 

Be~id 

Ml"- .<?/.'* 

,erateda»nllovs. 

The  very  eiursest  nrii  Ihr^wn  asido  ai 

■tee{   ."ii 

1.  and  Kilt 
ii<>Ial. 

c   1 

produce  a  flue 

iiselPHS,    and    the    iTdcrmcdiate    lum]>a, 
which  contain  ore  and  stone,  so  Inter- 

Sll'L^. 

t™.,    alloy 

h    rhodium,    in 

mixed  as  not  to  \<e  se|>arated  bv  hand. 

ado  at  Sh. 

ffl.-l. 

;  nn.l  with  gold 

are  pBssi-d  on  to  undergo  the  process  of 

and  UK 

ltd.  alMO  w 

th 

tatinum.   in  Ihi- 

•lim/.i-iy. 

Cm. 

u.  1  platin 

S  sleel,  with  the 

Before  dcseribing  the  refined  methods 

li»h. 

of  willing  the  more   valuable  ores  of 

All   t 

e  metallic 

toj  are  i-li.l.lc. 

copper,  silver.  Ivii.1.  Ac.  U  is  pn,]ier  li 

The  nil 

rlale^  ipiu 

The  .-nlphul,.s 
^.lHlu..,«nh.jirv- 

p.>mt  out  the  means  of  reducing  ihenilnM 

"fc:?;! 

''■' 

a  pTiwdi'r  of  gri'alcr  or  less  fineness,  by 

met] 
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of  the  pestles  employed  for  that  pur- 
pose, ltd  usefulness  is  not  restricted  to 
preparing  the  ores ;  for  it  is  employed  in 
aimoAt  every  smelting  house  for  pound- 
ing clays,  charcoal,  scorife,  <fec..  A 
Btaraping  mill  or  pounding  mocliine  con- 
siats  of  several  movable  pillars  of  wood, 
placed  vertically,  and  supported  in  this 
position  between  frames  of  carpentry. 
These  pieces  are  each  armed  at  their 
under  end  with  a  mass  of  iron.  An  arbor 
or  axle,  moved  by  water,  and  turning 
horizontally,  tosses  up  these  wooden 
pestles,  by  means  of  wipers  or  cams, 
which  lay  hold  of  the  shoulders  of  the 
pestles.  These  are  raised  in  succession, 
and  fall  into  an  oblong  trough  below, 
scooped  out  in  the  ground,  having  its 
bottom  covered  either  with  plates  of  iron, 
or  hard  stones.  In  this  trough,  beneath 
these  pestles,  the  ore  to  be  stamped  is 
allowea  to  fall  from  a  hopper  above, 
which  is  kept  constantly  full. 

The  trough  is  closed  in  at  the  sides  by 
two  partitions,  and  includes  three  or  four 
pestles ;  which  the  French  miners  call  a 
Dattery.  They  are  so  disposed  that  their 
ascent  and  descent  take  place  at  equal  in- 
tervals of  time. 

Usuollv  a  stamping  machine  is  com- 
posed of^several  batteries  (two,  three,  or 
four),  and  the  arrangement  of  the  wipers 
on  the  arbor  of  the  hydraulic  wheel  is 
such  that  there  is  constantly  a  like  num- 
ber of  pestles  lifted  at  a  time — a  circum- 
stance ini^rtant  for  maintaining  the 
uniform  going  of  the  machine. 

The  matter*  thut  are  not  to  be  exposed 
to  subsequent  washing  arc  stamped  dry, 
that  is,  without  leading  water  into  the 
trough  ;  and  the  same  thing  is  sometimes 
done  with  the  ricli  ores,  whoso  lighter 
parts  might  otherwise  be  lost. 

Most  usually,  especially  for  ores  of 
lead,  silver,  copper,  &c.,  the  trough  of 
the  stamper  is  plaeed  in  the  middle  of  a 
current  of  water,  of  greater  or  less  force ; 
which,  sweeping  off  the  pounded  sub- 
stances, deposits  them  at  a  greater  or  less 
distance  onwards,  in  the  order  of  tlie  size 
and  richness  of  the  grain;  constituting 
a  first  washing,  as  they  escape  from  be- 
neath the  pestles. 

After  the  ore  is  stamped  it  undertroes 
the  next  process,  that  of  waHhiTig.  This 
is  a  tedious  and  costly  operation,  and  luis 
for  its  oi)ject  tlic  separation  ol'tlic  eartiiy 
from  the  metallic  part  of  the  ore,  and 
depends  uy)on  the  fact  that  the  latter  is 
heavier  than  the  former.  liefore  being 
washed  the  ore  is  generally  riddled  or 
sifted  bv  hand  or  machine. 


Sometimes^  as  at  Ponllaonen,  the  sieves 
are  conical,  and  held  by  means  of  two 
handles  by  a  workman ;  and  instead  of 
receiving  a  single  movement,  as  in  the 
preceding  method,  the  sifter  himself 
gives  them  a  variety  of  dexterous  move- 
ments in  succession.  His  object  is  to 
separate  the  poor  portions  of  the  ore  from 
the  riclier;  in  order  to  subject  the  former 
to  the  stamp  mill. 

Among  the  siftings  and  washings 
which  ores  are  made  to  undergo,  the 
most  useful  and  ingenious  are  those 
practised  by  iron  gratiruffi^  called  on  the 
Continent  grilUs  anglaues^  and  the  st^p- 
washings  of  Hungary,  laveri^i  d  grandins. 
These  methods  of  freeing  the  ores  from 
the  pulverulent  earthy  matters,  consist 
in  placing  them,  at  their  out-put  from  the 
mine,  upon  gratings,  and  bringing  over 
them  a  stream  of  Water,  which  merely 
takes  down  through  the  bars  the  small 
fragments,  but  carries  off  the  pulverulent 
portions.  The  latter  are  received  in  cis- 
terns, where  they  are  allowed  to  rest  long 
enough  to  settle  to  the  bottom.  The 
washing  by  steps  is  an  extension  of  the 
preceding  plan.  To  form  an  idea,  let  us 
imagine  a  series  of  grates  placed  succes- 
sively at  different  levels,  so  that  the 
water,  arriving  on  the  highest,  where  the 
ore  for  washing  lies,  carries  off  a  portion 
of  it,  through  this  first  grate  upon  a 
second  closer  in  its  bars,  thence  to  a  third, 
&c.,  and  finally  into  labyrinths  or  cis- 
terns of  deposition. 

In  certain  mines  of  the  Hartz.  tables 
called  h  halah^  or  sweeping  tameSy  are 
employed.  The  whole  of  the  process 
consists  in  letting  flow,  over  the  sloping 
table,  in  successive  currents,  water 
charged  with  the  ore,  which  is  deposited 
at  a  less  or  greater  distance,  as  also  pure 
water  for  the  purpose  of  washing  the  de- 
posited ore,  afterwards  carried  off  by 
means  of  this  sweeping  operation. 

At  the  uf»j^^>er  enci  of  these  ttwffp-tahleSy 
the  matters  lor  washing  are  agitated  in  a 
eliest,  by  a  stnall  wheel  with  vanes,  or 
flap-boards.  The  conduit  of  the  muddy 
waters  opens  above  a  little  table  or  shelt; 
the  conduit  of  pure  water,  which  adjoins 
the  preeediiiir,  opens  below  it.  At  the 
lower  part  of  each  of  these  tables,  there 
is  a  transverse  slit,  covered  by  a  small 
door  with  hinges,  openint^  outwardly,  by 
falliuL'  back  towards  the  foot  of  tlic  table. 
The  water  s])rcadinir  over  the  t:d)le,  may 
at  plcjL^ure  be  let  into  this  slit.  i»v  raising 
a  bit  of  leather  whicli  is  nailcil  to  the 
tjible,  so  as  to  cover  tiie  small  door  when 
it  is  in  the  shut  position:  iuit  when  this 
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is  opened,  the  piece  of  leather  then  hangs 
down  into  it.  Otherwise  the  water  may 
be  allowed  to  pass  freely  above  the  leather, 
when  the  door  \a  shut.  The  same  thing 
may  be  done  with  a  similar  opening 
placed  above  the  conduit.  By  means  of 
these  two  slits,  two  distinct  qaalities  of 
tchlich  may  be  obtained,  which  are  de- 
posited into  two  distinct  condaits  or 
canals.  The  refnse  of  the  operation  is 
turned  into  another  conduit,  and  after- 
wards into  ulterior  reservoirs,  wlience  it 
is  lifted  oat  to  undergo  a  new  wash- 
ing. 

In  the  percussion  tables,  the  water  for 
washing  the  ores  is  sometimes  spread  in 
slender  streamlets,  sometimes  m  a  full 
body,  so  as  to  let  two  cubic  feet  escape 
per  minute.  The  number  of  shocks  com- 
municated per  minute,  varies  fVom  15  to 
86 ;  and  the  table  may  be  pushed  out  of 
its  settled  position  at  one  time,  three  quar- 
ters of  an  inch,  at  another  nearly  8  in- 
ches. The  coarse  ore-sand  requires  in 
gencrol  lef»s  water,  and  less  slope  of  table, 
than  the  fine  and  pasty  suud. 

Tiic  vudianlatJ  opcnitions  which  ores 
undergo,  take  place  commonly  at  their 
out-put  from  the  mine,  and  without  any 
intermediate  operation.  Sometimes,  how- 
ever the  haraness  of  certain  (jamjues 
(vein-stones),  and  of  certain  iron  ores,  is 
diminished  by  subjecting  them  to  cal- 
cination previously  to  the  breaking  and 
stamping  processes. 

Wlien  it  is  intended  to  wash  certain 
ores,  an  operation  founded  on  the  dill'er- 
euce  of  tiieir  spccitic  e:ravities.  it  may 
happen  that  by  slightly  chanijing  the 
chemical  state  of  the  substances  that  com- 
pose the  ore,  the  earthy  parts  may  become 
more  easily  separable,  as  also  the  other 
foreign  matters.  With  this  view,  the 
ores  of  tin  are  subjected  to  a  roasting, 
wliieli  ])y  separating  tiie  arsenic,  atid 
oxidiziiiir  the  copiter  which  are  inter- 
mixed, l'uriiisli«'S  the  means  of  ubtainiiig, 
by  the  subsequent  wasliiuLT,  an  oxide  of 
till  much  purer  than  could  be  otlierwisc 
procured.  In  jLjcneral,  however,  these 
are  rare  cas>;s  ;  so  that  the  washing  al- 
most alwavrt  iinuiediately  succeeds  the 
picking  aiul  stanuting;  and  the  roast- 
ing conies  next,  when  it  needs  to  be  em- 
ployed. 

The  mechanical  processes  terminate 
here:  t)ie  I'urtlicr  treatnu-ut  «>f  them  is 
chemical  :  thi-*  eonsiritb  ehiflly  in  oiUui- 
cti'iii  (»r  ronuf'iiHj. 

The  operation  of  roastintr  is  in  t-'ciieral 
executed  by  various  processes,  relatively 
to  the  luiturc  of  the  ores,  the  quality  of 


the  fuel,  and  to  the  object  in  view.  Th» 
greatest  economy  have  to  be  studied  in 
the  fuel,  as  well  as  the  labor ;  two  most 
important  circumstances,  on  aocount  ot 
the  great  masses  operated  upon. 

Three  principal  methods  may  be  dis 
tiuguished ;  1,  the  roasting  in  a  heap  in 
the  open  air,  the  most  simple  of  the 
whole ;  2,  the  roasting  executed  between 
little  walls,  and  which  may  be  called  case- 
roasting  ;  and  8,  roasting  m  furnaces. 

We  may  remark,  as  to  the  description 
about  to  be  ^iven  of  these  different  pro- 
cesses, that  m  the  first  two,  the  fuel  is 
always  in  immediate  contact  with  the  ore 
to  be  roasted,  whilst  in  furnaces,  this 
contact  may  or  may  not  take  place. 

The  roasting  in  the  open  air,  and  in 
heaps  more  or  less  oonsiaerablc,  is  prac- 
tised upon  iron  ores,  and  such  as  are  py- 
ritous  or  bituminous.  The  operation 
consists  in  general  in  spreading  over  a 
plane  area,  often  bottomed  with  beaten 
clay,  billets  of  wood  arranged  like  the 
bars  of  a  gridiron,  and  sometimes  laid 
crosswise  over  one  another,  so  as  to  form 
a  uniform  flat  bed.  Sometimes  wood 
charcoal  is  scattered  in,  so  as  to  fill  up 
the  interstices,  and  to  prevent  the  ore 
from  fidling  between  the  other  pieces  of 
the  fuel.  Coal  is  also  employed  in  mo- 
derately small  lumps ;  and  even  occasion- 
ally turf.  The  ore,  either  simply  broken 
into  pieces,  or  even  sometimes  under  the 
form  of  «<'A//<'A,  is  piled  up  over  the  fuel; 
most  usually  alternate  beds  of  fuel  and 
ore  are  tbrmed. 

The  fire,  kindled  in  general  at  the  lower 
part,  but  sometimes,  however,  at  the  mid- 
dle chimney,  spreads  from  spot  to  spot, 
Eutting  the  operation  in  train.  Tliecom- 
ustion  must  be  so  conducted  as  to  be 
slow  and  suffocated,  to  prolong  the  ustu- 
lation,  and  let  the  whole  mass  be  equally 
penetrated  with  heat.  The  means  em- 
ployed to  direct  the  fire,  are  to  cover  out- 
wardly with  earth  the  portions  where  loo 
much  activity  is  displayed,  and  to  pierce 
witli  holes  or  to  give  air  to  those  where  it 
is  imperfectly  developed.  Rains,  winds, 
variaole  seasons,  and  especially  good  pri- 
mary arramrcments  of  a  calcination,  have 
much  influence  on  this  process,  which  re- 
quires, besi<lcs,  an  almost  incessant  in- 
S]>ection  at  constant  intervals. 

The  manner  of  case  r'kj^ti/uj  has  been 
noticed  under  the  head  of  t!ie  articles 
ahini  and  iron,  to  which  the  reader  is  re- 
fern*  1. 

Iron  ore  is  thus  roasted  in  the  open  air 
to  free  it  t'rom  carbonic  acid  and  water. 
Sulphuret  of  copper  and  iron  (pyrites) 
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are  bo  treated  to  get  rid  of  some  of  the 
Bulphur :  sulphates  are,  however,  apt  to 
fnse  and  run  together  into  masses  wnich 
are  troublesome  afterwards.  Open  air 
roasting  is  rarely  as  effective  as  that  in 
the  reverberating  furnace.  It  is  that  best 
suited  for  powdery  ores,  and  the  flame 
has  a  powerfully  oxidizing  effect.  On 
this,  Dr.  Ure  remarks : — 

But  in  every  case  where  it  is  desired  to 
have  a  very  perfect  roasting,  as  for  blonde, 
from  which  zinc  is  to  be  extracted,  for 
salphuret  of  antimony,  &c.,  or  even  for 
ore-H  reduced  to  a  very  fine  powder,  and 
destined  for  amalgamation,  it  is  proper  to 
perform  the  operation  in  a  reverberatory 
furnace.  When  very  fusible  sulphurous 
ores  are  treated,  the  workman  charged 
with  the  calcination  must  employ  much 
care  and  experience,  chiefly  in  the  man- 
agement of  the  flre.  It  will  sometimes, 
indeed,  happen,  that  the  ore'  partially 
fuses;  when  it  becomes  necessary  to 
withdraw  the  materials  fVom  the  furnace, 
to  lot  them  cool  and  grind  them  imcw,  in 
order  to  recommence  the  operation.  The 
construction  of  these  ftirnaoes  demands 
no  other  attention  than  to  give  to  the  sole 
or  laboratory  the  suitable  size,  and  so  to 
proportion  to  this  the  grate  and  the  chim- 
ney that  the  heating  may  be  effected  with 
the  greatest  economy. 

The  reverberatory  fhmaoo  is  always 
employed  to  roast  the  ores  of  precious 
metals',  and  especially  those  for  amalga- 
mation ;  as  the  latter  often  contain  arse- 
nic, antimony,  and  other  volatile  sub- 
Btnnces,  they  must  be  disposed  of  in  a 
peculiar  manner. 

The  sole,  usually  very  spacious,  is  di- 
vided into  two  parts,  of  wliich  tne  one 
farthest  off  from  the  f\irnace  is  a  little 
higher  than  the  other.  Above  the  vault 
there  is  a  space  or  chamber  in  which  the 
ore  is  deposited,  and  which  communicates 
with  the  laboratory  by  a  vertical  passage ; 
which  serves  to  allow  the  ore  to  oe  push- 
ed down,  when  it  is  dried  and  a  little 
heated.  The  flame  and  the  smoke  which 
escape  fVom  the  sole  or  laboratory  pass 
into  condensing  chambers,  before  enter- 
ing into  the  chimney  of  draught,  so  as  to 
dcposite  in  them  the  oxide  or  arsenic  and 
other  substances.  When  the  ore  on  the 
part  of  the  sole  farthest  ft-om  the  ^ate 
nas  suffered  so  much  heat  as  to  bcgm  to 
be  roasted,  has  become  less  fusible,  and 
when  the  roa-^ting  of  that  in  the  nearer 
part  of  the  sole  is  completed,  the  former 
IS  raked  towards  the  lire-bridfre,  and  its 
ustulation  is  finished  bv  stirrinsr  it  over 
fVeqaently  with  a  paddle,  skilfully  work-  , 
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ed,  throuffh  one  of  the  doors  left  in  the 
side  for  this  purpose.  The  operation  is 
considered  to  be  finished  when  the  vapors 
and  tlie  smeU  have  almost  wholly  ceased ; 
its  duration  depending  obviously  on  the 
nature  of  the  ores. 

The  last  depar^ent  of  metallaigy 
which  need  be  noticed,  is  the  asao/jfing. 
Under  the  head  of  Asw^y  a  general  out- 
line of  the  mode  of  producing  is  jriven  : 
three  modes  of  assaying  may  be  foUowed. 
1st.  The  mechanical  assay.  2nd.  Assay 
by  the  dry  way.  8rd.  Assay  by  the  moist 
way. 

1.  Of  Mechanical  assayt. — These  kioda 
of  assays  consist  in  the  separation  of  the 
substances  mechanicallv  mixed  in  the 
ores,  and  are  performed  by  a  hand-wash- 
ing, in  a  small  trough  of  an  oblong  shape. 
After  pulverizing  with  more  or  less  pains 
the  matters  to  be  assayed  by  this  process, 
a  determinate  weight  of  them  is  put  into 
this  wooden  bowl  with  a  little  water ;  and 
by  means  of  certain  movements  and  some 
precautions,  to  be  learned  only  by  prac- 
tise, the  lightest  substances  may  be  pretty 
exactly  separated,  namely,  the  earthy 
gangues  from  the  denser  matter  or  me- 
tallic particles,  without  loosing  anv  sensi- 
ble portion  of  them.  Thus  a  iclilkh  of 
greater  or  less  purity  will  be  obtaiued, 
which  may  afford  the  means  of  judging 
by  its  quality  of  the  richness  of  the  as- 
sayed ores,  and  which  may  thereafter  be 
subjected  to  assays  of  another  kind, 
whereby  the  whole  metal  may  be  insula- 
ted. 

Washing,  as  an  assay,  is  practised  on 
auriferous  sands ;  on  all  ores  from  the 
stamps,  and  even  on  schlicha  already 
woshed  upon  the  great  scale,  to  appreci- 
ate more  nicely  the  degree  of  purity  they 
have  acQ  uired.  The  ores  of  tin  in  whicn 
the  oxiae  is  oflen  disseminated  in  much 
earthy  gangue,  are  well  adapted  to  this 
species  of  assay,  because  the  tin  oxide  is 
ver\'  dense.  The  mechanical  assay  may 
also  be  employed  in  reference  to  the  ores 
whose  metallic  portion  presents  a  uniform 
composition,  provided  it  also  possesses 
considerable  specific  gravity.  Thus  the 
ores  of  siilphuret  of  lead  (galena)  beinjj 
susceptible  of  becoming  almost  pure  sul- 
phurets  (within  1  or  2 per  cent.)  by  mere 
washing  skilfully  conducted,  the  richness 
of  that  ore  in  pure  galena,  and  conse- 
quently in  lead,  maybe  at  once  conclud- 
ed :  since  120  of  jrnlena  contain  104  of 
lead,  and  16  of  sulphur.  The  sulphuret 
of  antimony  mingled  with  its  gangue 
miiy  be  subjected  to  the  same  mode  of 
assay,  and  the  result  will  be  still  more 
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direct,  rince  the  crude  antimany  in 
bron^nt  inio  the  market  n1\cr  being  freed 
ttaai  ita  giingue  by  a  Biiiiule  I'asion. 

qf  Annj,.  by  the  dry  wiy.— The  »B?ar 
W  the  dry  wiiy  has  for  itBOlytcti  WbLow 
the  nature  and  proportioD  ot  the  metala 
contained  in  a  miBeral  aulMtance.  To 
make  a  good  aasuv,  howcvor,  it  in  indis- 
pensably neccHaary  to  know  what  ie  tlie 
metal  ai-iMwiated  -■•'■  "  —• ' ■•'■" 


looked  after ;  nnleas  in  the  case  of 
tain  argoutiferMHs  ores.  The  mineralo- 
gical  eiaminaClon  of  thenubslancoB  under 
trealmenl,  is  itit>at  commonly  iiilBcienl  to 
afford  data  in  the«o  respecta;  but  the 
assays  may  nlwayn  bo  varied  witti  difforunl 
views,  before  stoppinit    *  -  J"-=- 


and  In 


a  bo  confided  in,  aa  I 
ventiea  by  adouble  operBlion. 

Thia  mode  of  assaying  requires  only  a 
little  experience,  with  a  sitiipte  appara' 

tLiefl  currently  in  tl^e  snivltine  works. 
The  air  fiirnnco  and  erui-'iblefl  employed 
are  described  in  nil  iiood  elementap-  che- 
mieal  bnohn.  These  ifiiyH  are  nsaally 
performed  with  the  aildition  of  a  flax  id 
the  ore,  or  Bome  agent  for  aepanilin^  the 
earthy  l>ain  the  nielallic  sutntancea ;  and 
they  possess  a  peealiar  advanluee  relalive 
to  the  smelllni  operationn,  bccansc  thev 
offer  many  analogies  beln-cen  results  on 
the  irrcal  scale  aiul  exfieriiiicnta  on  tlio 

to  deduce,  from  the  niannei'  in  which  tlie 
aasay  has  succeeded  witli  a  certain  tax, 
ami  at  a  certain  degree  uf  heiit,  vuluablD 
iudications  aa  to  the  treatment  of  tlio  ore 
In  tlie  (Trent  uay. 

For  a^avs  lU  the  dry  wnjr,  both   of 
■tony  on         al  nU 

Dr.  Al>       d  se         n     m 


_.     skill  and  osperii 

lalyses.  The  process  generally  consists 
solution  of  the  ore  in  acid,  determining 

le  insoluble  earthy  mattcra  (gangne), 
then  taking  the  clear  solution,  and  sepa- 
rating tlic  BBvenJ  parte  of  the  ore  ou^of 

limits  off" 

inB  into  tl ,  ; 

vidual  tnc  ■    ■ ;     ,■■      ;■   .    .1 

standard  ivurki  mi  i'l-e,iiui]|;. 

Since  the  publication  of  the  improved 
method  ot'  making  cj-anide  of  polaf  siani. 
by  Ljelng.  great  advunce  has  been  made 
in  assaying  by  tlic  humid  way,  as  tJii.i 
Ball  pOBBCB^es  the  projiorty  of  separating 
manv  metals  in  mixed  BOlutiona. 

Tliia  salt  \s  the  bt«t  rc-ngent  for  dc- 
Ucting  nlv'kel  in  cobalt.  Tlie  lOluUon  of 
the  two  ijK-mU  l^iiij;  o.l.liilHted,  the 
(yonide  Is  I  ■  I  ■      Mr  !  ii'i'i!  -he  prpcipl- 


ulphuric 
.  pteoipli  , 


imnth,  cadmiDm, 


to  tliesoluiiiin  r\i  Ihe^c  niDlols  in  nitrio 
acid,  lead  and  lji>(iiuLli  iiill  as  carbonates, 
and  may  be  parted  f^om  each  olher  by 
sulphuric  acid.    Sulphuretted  hydrogen 


_  'iiiall  i[uantity  of  c] 
yellow  prcinpitate  Indicates  cadmium  ^ 
and  n  blacb  iireelpllale  fulls  on  the  addi- 
tion of  liydTOcliToriu  acid,  if  copper  be 
prcFrnt. 

If  intj>a  crucible  (containing  the  cjiin- 

d  lien  fanyinelullia 

be   hro    nat  al  ,itwiU  beal- 

n»        m  red  ceil  to  the  reeii- 

Wb       h    H    dma»isatter- 

d    cca      d     li    m  ill  be  found 


rod  ce     al    g  w  h  en  l>oiiale  of  pol- 
aab       iwidii  au  *  is  healed  to 
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State  of  protoxide ;  to  be  determined  by 
a  separate  process.  When  oxide  of  cop- 
per is  sprinkled  on  the  surfuco  of  the 
tnsed  cyanide,  it  is  immediately  reduced, 
with  the  disengagement  of  heat  and  ligiit. 
The  mixture  l^ing  poured  out  of  the  cru- 
cible and  concreted,  iA  to  be  ground  and 
washed,  when  a  pure  regulus  of  copper 
will  be  obtained. 

The  process  of  reduction  is  peculiarly 
interestmg  with  the  oxide  of  antimony 
and  tin  ;  being  ucoomplishcd  at  a  low  red 
heat,  hardly  visible  in  daylight.  Even 
the  sulphurets  of  these  metals  are  imme- 
diately stripped  of  their  sulphur,  with  the 
formation  ol  sulpho-^yanide  of  potassium. 
Cyanide  of  potassium,  mixed  with  car- 
bonate of  soaa,  is  an  excellent  re-ogent 
in  blow-pipe  operations  for  distinguish- 
ing metals.  The  reductions  take  place 
with  the  utmost  facility,  and  the  fused 
mixture  does  not  sink  into  the  charcoal, 
as  carbonate  of  soda  alone  is  apt  to  do  in 
such  cases.  Hence  the  grains  or  bends 
of  metal  are  more  visible,  and  can  be  bet- 
ter examined. 

When  the  cyanide  is  heated  along  with 
the  nitrates  and  chlorates  (of  potft>h),  it 
causes  a  rapid  decomposition,  accompa- 
nied with  light  and  explosions. 

Arsenic  may  be  readily  detcct^'d  in  the 
commercial  sulphuret  of  antimony,  by 
fusing  it  with  three-fourths  of  its  weitjlit 
of  the  cyanide  in  a  porcelain  crucible 
over  a  spirit-lamp,  when  a  regulus  of  an- 
timony IS  obtained.  The  metal  iimy  then 
be  easily  tested  for  arsenic,  since  none  of 
this  volatile  substance  can  have  been  losi^l, 
owing  to  the  low  temperature  employed. 
When  arsenious  acid,  or  orpimcnt,  or 
any  of  the  arseniates,  are  mixed  with  six 
times  their  weight  of  the  mixture  of  cyan- 
ide and  carbonate  of  soda  in  a  tube  witli 
a  bulb  at  one  end,  and  heat  applied  with 
a  spirit-lamp  to  the  glass,  very  hcautiful 
rings  of  metallic  mirror  are  formed  by 
the  reduced  arsenic.  The  nrseniatcs  of 
lead  and  peroxide  of  iron,  however,  do 
not  answer  the  test. 

When  sulphates  of  lend  and  bnrytcs, 
along  with  silicio,  are  mixed  with  four  or 
five  times  their  weight  of  the  above  niixotl 
cyanide  and  carbonate,  and  fused,  the 
sulphate  of  lead  is  reduced  to  the  metal- 
lic st.tte,  the  sulidmte  of  barytcs  hecouu's 
a  carbonate,  ana  the  silica  trcts  eoiubincd 
with  the  alkali  into  a  solulde  ^'lass. 

METEORlTf^;  are  stones  of  a  peculiar 
aspect  and  composition,  which  have  lalUii 
from  the  air. 

METER.  An  instrument  for  measur- 
ing fjn*.     When  gas   comineii(H»d   to    be 


used  extensively,  it  was  found  necessary 
to  have  some  check  upon  the  gas-works 
as  well  as  the  public,  as  a  means  of  calcu- 
lating between  the  works  and  large  con- 
sumers,  and    indicating   accurately   the 
amount  consumed.    This  has  been,  to  a 
great  extent,  accomplished  by  the  gas- 
clock  or  gas-meter.    The  principle  in  the 
construction  is  simple.     When  a  number 
of  vessels  of  a  certain  capacity,  say  1  cu- 
bic foot,  &re  so  arranged  that  (without 
loss  of  gas  in  the  interval)  one  at\er  the 
other  shall  be  filled  by  the  gas  in  passing, 
and  for  this  purpose  are  inveriea  in  wa- 
ter, into  which  the  gas  enters,  just  as  is 
the  case  on  a  large  scale  with  the  gasom- 
eter; it  follows,  that  just  as  many  cubic 
feet  of  gas  will  have  passed,  as  there  are 
air-vessels  that  have  tilled.     If  these  ves- 
sels be  attached  to  a  common  axis,  upon 
which  they  revolve  as  they  fill  and  rise, 
every  revolution  will  correspond  with  4 
cubic  feet  of  gas  that  have  passed  through. 
In  the  actum  gus-meter,  instead  of  sep- 
arate vessels,  compartments  of  a  drum  of 
equal  and  known  capacity  are  used.    The 
drum  revolves  in  a  ease  more  than  half 
filled  with  water  (dilute  alcohol  in  winter), 
and  is  divided  by  4  crooked  partitions  into 
as  many  chambers.     The  contents  of  each 
chamber  are  closed  at  the  front  and  back 
by  the  stniight  sides  of  the  drum,  above, 
by  the  crooked  partition,  and   below  by 
the  water.     The  tube  for  the  admission 
of  the  gas  enters  at  the  back,  and  delivers 
into  tlie  uppermost  box  ;  as  this  tills  it  be- 
comes li<:litcr,  and  rising,  revolves  on  its 
axis  until  it  gets  above  the  level  of  the 
water,  when  it  i)arts  with  the  gas  through 
a  narrow  slit  into  the  space  a\>ove,  when 
the  gas  is  carried  on  into  the  consuming 
pipe.     The  moment  one  chamber  is  emp- 
tied,  anotiicr  is   tilled   with   water    and 
placed  above  the  pipe,  which  enters  from 
the  Inick  ;  it  beeoiiies  tilled  and  acts  simi- 
larly to  the  first,  and  so  on,  with  the  tour. 
To   the   axis  of  the  drum  is  attached  a 
toothed   wheel,  whieli   turns  a  hand  by 
iiieaiis  of  works  uj>oii  a  dock  plate,  which 
has  L'cncrally  8  dials,  iiulieatiiig  1,  lo,  and 
1(>(>  revohjtiotis,  and  thus  the  »juantitv  of 
gas  which    has  passed  is   ascertaiiieJ  in 
cubic  feet. 

In  practice,  the  construction  of  the  wet 
metre  admits  of  Irand  bciiit:  practised 
with  it.  If,  for  instaiue,  the  water  level 
be  lowcrcil,  moVe  ^as  will  pass  throiitrli 
than  \vill  be  reiristeied;  if  tne  meter  be 
tilted  forward  and  some  of  the  lluid  drawn 
out.  i5as  will  j>a*»s  throuj^h  without  being 
rcL'istere«l  at  all. 

Thcir-  objrctiriiis  have  given  rise  to  tho 
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use  of  dry  meters,  in  which  any  fluid  in 
the  box  18  dispensed  with.    In  dry  me- 
ters, the  gas  \a  measured  by  the  number 
of  times   that  a  certain  bulk  will  fill  a 
chamber  capable  of  undergoing  contrac- 
tion and  expansion  by  the  passj^a^e  of  the 
gas.    Therto  alternate   contractions    and 
expansions  of  the  chamber,  set  valves  in 
motion,  which,  aided  by  light  arms  and 
wheels,  turn  the  hand  of  a  dial,  aa  in 
the  wet  meter.    The  largest  meter  yet 
constructed  is  one  by  Mr.  Defries,  on  the 
dry  meter  plan,  for  the  rciristcring  the 
gas  used  in  Covcnt  Garden  Theatre,  Xon- 
don.    It  is  said  to  be  very  accurate  in  its 
measurements.    It  contains   two  cham- 
bers :  the  upper  one  holds  the  machin- 
ery;  the  lower  is  divided  into  6  compart- 
ments by  three    movable    diaphragms, 
and  3  fixed  partitions.    The  gas  enters  at 
the  inlet  pipe,  whence  it  passes  through 
the  bottom  of  the  meter,  and  fills  each 
compartment  in  succession,  a  continuous 
supplv  is  kept  up  by  the  action  on  the 
movable  diaphragms,  which  acts  on  the 
indicating  machinery  by  means  of  a  very 
simple   and   ingenious   contrivance   that 
registers   the   consumption   of  gas  with 
unerring  accuracy  on  a  plate  of"  6  dials 
and  indexes,  from  units  to  millions.    This 
meter  is  capable  of  measuring  6'>0()  cubic 
feet  per  hour,  and  is  to  measure  the  sup- 
ply of  1500  burners.     It  weij^lis  2  toris,  is 
16  feet  in  circunifercnoc,  and  8  in  heiglit. 
The  shape  is  a  sexagon,  with  gothic  dc- 
vicc:^. 

The  wet  gas-meter  can  be  made  to  in- 
dicate favorably  for  the  triis  companies, 
and  it  is  more  freqnontlv  in  error  on 
that  side,  than  favorini:  tlio  consumer; 
the  dry  motor  docs  not  ay>pc:ir  to  be 
based  on  true  pliilosdphjcal  principles, 
and  will,  in  all  likeliliood,  not  hold  its 
ground.  A  correct  meter  is  still  a  de- 
sideratum. 

MfyrriYLENE,  a  peculiar  li(iuid  com- 
pound of  oarl»on  and  liydroiren,  extnicted 
from  pyrfxylio  spirit,  wiru-li  is  reckoned 
to  be  n  hi-hydmto  of  tnrfht/Iini\ 

MICA  is  a  finely  foliatcil  iniiKTal,  of  a 
pearly  metallic  lustre.  It  is  harder  than 
gypsum,  but  not  so  hard  as  calc->par ; 
flexible  and  clastic :  spec.  grav.  2-<>.'..  It 
is  an  iuLTcdicut  of 'jiiuiite  and  sjiiciss  ;  in 
this  country  c<>unn<'iily  called  i-^iiiLdasH  ; 
in  Europe  it  is  <K-i'ayi«>nally  calU-d  Mus- 
Cov\-talc.  The  larLTC-t  slu'Ct^*  arc  touiid 
\n  Sjlicrla,  <'auada,  and  the  New  EriLdaiid 
States.  Its  primilive  t'>rru  is  an  ol>li'iue 
rhotnl)ic  pristn  ;  ordinarily  it  is  a  i^ix-sid- 
ed  tahlc  ;  its  cleavaL'c  is  perfect.  Tlicre 
is  great  diver>ity  in  the  conijiositiou  ot' 


mica  coming  from  different  localiti^; 
generally  it  la  a  silicate  of  alumina  unitea 
with  silicates  of  iron  and  pouah.  Some- 
times manganese  replaces  the  alumina,  as 
in  the  mica  of  Mt.  St.  Gothard ;  some- 
times magnesia  replaces  the  potash,  and 
titanium  the  iron.  That  fh)m  Siberia 
yielded  to  Klaproth,  in  100  parts : 

Alumina U-Vi 

Silica 48-00 

Oxide  of  iron 450 

Oxide  of  Manganese trace 

Magnesia O^SO 

Potash 8-75 

The  mica  of  Fahlun,  analyzed  by  Rose, 
afforded,  silica,  46-22;  alumina,  34-52; 
peroxide  (?)  of  iron,  6-04 ;  potash,  8,22 ; 
magnesia,  with  oxide  of  manganeae, 
2-11 ;  fluoric  acid,  1-09  ;  water,  0-98. 

Very  beautiful  specimena  of  mica 
abound  in  the  United  States.  At  Ac- 
worth,  N.  H.,  they  He  imbedded  in  fel- 
spar ;  at  Monroe,  'N.  Y.,  a  large  vein  of 
a  green-colored  variety  exists.  The  crys- 
tals at  Goshen,  Mass.,  are  rose-red,  and 
rhomboidal,  and  that  in  Brunswick.  Mej^ 
is  in  emenUd  green  scales.  LepMiie  n 
a  variety  of  mica  containing  fithia  and 
fluoric  acid ;  it  occurs  at  Paris,  Maine. 
Brown  and  gray  mica  are  used  in  Iju»- 
terns,  in  stove-doors,  and  in  the  windows 
of  ships  of  war,  and  in  all  oases  where 
glass  is  liable  to  be  broken. 

It  is  much  used  in  optical  experiment*, 
and  in  the  manufacture  of  artificial  ultra 
marine. 

MICROCOSMIC  SALT.  A  term  given 
to  a  salt  extracted  from  human  urine,  be- 
cause man  wa-s  regarded  by  the  alcne- 
nli^ts  as  a  miniature  of  the  world,  or  the 
microcosm.  It  is  a  phosphate  of  soda 
and  annnonia ;  and  is  now  prepared  by 
inixiug  ecjuivalent  proportions  of  plK;*" 
phatc  of  soda  and  phosphate  of  anmioiua, 
each  in  solution,  evaporating  and  crystal- 
lizintr  the  mixture.  A  small  excess  of 
annnonia  aids  the  crvstallization. 

MICKUMETEK.  'An  instrument  ap- 
plied to  telescopes  and  microscopes  i'"'^ 
measuring  very  small  distances,  or  the 
diajuclers  of  objects  which  subtend  ver^ 
small  anirlcs.  A  great  number  ot  con- 
trivances of  various  kinds,  and  depenu- 
ini?  oil  ditferent  principles,  liave  wen 
eiiiplovcd  for  this  purpose  ;  but  it  will  t*e 
sutri.-ieiit  to  eive  a  general  description  ol 
some  oi'  the  most  useful  or  remarkuWe 
ones. 

M'Irr  \/u-rumffer.—Th\s  instrument, 
when  placed  in  the  tube  of  a  telescope,  av 
the   locus  of   the  object  glass,  presentf 
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the  appearance  represented  in  the  an 
nexed  ngure.  A  a  is 
a  spider's  web  line,  or 
very  fine  wire,  fixed  to 
the  diaphragm  ^  and 
B  b  and  C  c  are  similar  ^ 
wires  stretched  across 
two  forks,  each  con- 
nected with  a  milled- 
headed  screw.  By 
means  of  those  screws  the  two  wires,  BJ 
and  C  c,  which  arc  exactly  parallel  to  each 
other,  are  movable  in  the  direction 
perpendicular  to  ^  a  ;  and,  in  order  that 
the  wire  A  a  may  be  placed  in  any  direc- 
tion relatively  to  the  meridian,  there  is 
an  adjusting  screw,  which  works  into  an 
interior  toothed  wheel,  and  turns  the 
apparatus  round  in  its  own  plane  perpen- 
dicular to  the  axis  of  the  telescope. 

The  method  of  using  the  micrometer 
is  as  follows  :  Suppose  the  object  to  be 
accomplished  were  the  measurement  of 
the  an^Is  of  po&Uion  and  distance  of 
two  very  close  stars  ;  the  telegraph  being 
set  and  Kept  on  the  objects,  the  microme- 
ter is  turned  by  its  adjusting  screw  until 
the  spider  line  A  a  cohiciclcs  with  the 
line  joining  the  two  stars,  or  thr<n<ls 
them  both  at  the  same  moment.  Tlie 
milled  heads  of  the  screws  which  carry 
the  two  movable  wire.*",  arc  then  turned 
until  B  h  bisects  one  of  the  two  stars,  and 
C  c  bisects  the  other.  The  observation 
is  now  completed,  and  it  only  rciimins  to 
ascertain  the  position  and  distance  indi- 
cated by  the  micrometer.  For  the  first 
of  these  pury>OBC8,  the  circunifcrcncc  of 
the  micrometer  is  divided  into  dcirrees 
and  minutes,  and  read  by  two  verniers  : 
this  rcatling  gives  ilu'  position  of  A  //  in 
respect  of  the  horizontal  and  vertical 
planes,   and   consequently  the   ani/lc   of 

Sosition  of  the  two  stars'.  To  find  their 
istance,  the  head  of  tljc  screw  wliich 
carries  one  of  the  movable  wires,  for 
instance  C  r,  is  turned  until  C  c  coincides 
with  B  h  •  and  the  number  of  revolutions, 
and  parts  of  a  revolution,  required  to 
effect  the  coincidence,  gives  the  distance 
of  the  stars  when  the  value  of  the  ttcah 
of  the  micrometer  is  known  ;  tliat  is  to 
say,  when  the  number  of  seconds  of 
apace  which  correspond  to  one  revolution 
of  the  screw  is  known.  The  screws  must 
be  made  with  great  accuracy,  and  their 
heads  arc  usually  divided  into  00  equal 
parts,  representinjj  seconds. 

The  value  of  the  seale.  or  of  a  revo- 
lution of  the  screw,  is  f»})taine<l  in  the 
following  manner  :  Set  the  two  wires,  B 
b  and  C  c,  apart  to  a  certain  number  of 


revolutions,  and  place  thetn  in  the  direc- 
tion of  the  meridian.  Obser\'e  the  tran- 
sits of  several  stars  of  known  declina- 
tion over  the  wires  ;  then  multiply  each 
interval  of  seconds  by  15,  and  by  the 
cosine  of  the  starts  declination  ;  and,  ta- 
king the  mean,  you  have  the  seconds  of 
space  which  correspond  to  a  known  num- 
ber of  revolutions  of  tlie  screw. 

Circular  Micrometer. — ^This  instrument, 
which  differs  entirely  from  the  above, 
was  first  suggested  by  Boscovich,  in  the 
Leipzic  Act*  for  1740,  and  used  by  Lacaille 
in  observing  a  comet  in  1742  ;  but  seems 
afterwards  to  have  fallen  into  disusp,  un- 
til it  was  revived  by  Dr.  Olbers,  about 
1798.  The  principle  may  be  explained  as 
follows  :  If  the  tield  of  a  telescope  be 
perfectly  circular  (which  may  be  effected 
oy  means  of  a  diaphragm  turned  in  a 
lathe),  and  if  its  diameter  be  determined 
from  observation,  the  paths  of  two  celes- 
tial bodies  across  the  field  may  be  con- 
sidered as  two  parallel  chords,  which  are 
given  in  terms  of  a  circle  of  known  di- 
ameter. The  differences  of  the  times 
at  which  two  stars  arrive  at  the  middle 
of  their  paths  will  be  their  ascensional 
ditVerences  ;  and  tlie  distance  between 
the  chords,  which  is  readily  computed 
trom  their  lengrths,  gives  the  difference 
of  the  declination  of  the  two  bodies. 

The  most  approved  construction  of  the 
annular  micrometer  is  that  of  the  late 
Fraunhofer.  It  consists  of  a  disk  of  par- 
allel plate  glass,  havini?  in  its  centre  a 
round  hole  of  about  half  an  inch  in  di- 
ameter, to  the  edges  of  which  a  ring  of 
steel  is  cemented,  and  afterwards  truly 
turned  in  a  lathe.  The  disk  being  mount- 
ed in  a  brass  tube,  so  that  it  may  be  ac- 
curately adjusted  in  the  focus  of  the  eye- 
piece, and  applied  to  a  telescope,  the  steel 
rintr  is  alone  viRil)le,  and  appears  as  if 
suspended  in  the  atmosphere,  whence 
the  instrument  is  called  the  ^ufpended  an- 
rmhir  jnimTfuUr. 

The  micrometer  is  an  instrument  of  the 
utmost  importance  in  astronomy,  and 
one,  in  fact,  to  which  that  science  is  as 
much  indebted  as  to  the  telescope  itself. 
From  a  paper  by  Mr.  Townley,  in  the 
P/iil.  IVtrntt.  for  1607,  it  appears  certain 
that  a  micrometer  with  a  movable  wire 
was  first  constructed  by  an  Eni:lish!nan, 
Gnseoiirne,  about  the  year  1040,  nnd  used 
by  him  for  nieasnriiiir  the  dinnieters  of 
the  moon  nnd  r*onie  of  the  plmuts  ;  but 
as  CJii«-c<>ii:iie,  who  was  kilUd  in  the  civil 
wars  in  1014.  j>ul>Ii>hcd  no  neconnt  «•!' his 
invention,  the  in.-^truinent  was  entirely 
forgotten,  and  the  merit  of  reinventing 
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who  publiBlied  e.  doaerLptiou  of  it  in  1367. 
Uu.VIcus.B  few  yean  previonsly,  bad  coo- 
Irircd  toineuaure  the  diameter  of  splsoet 
by  inserting  in  the  lube  of  ■  telescope,  at 
the  focus  of  the  object-glass  and  eya- 
gliiae,  ■  ulip  of  met*]  wbicli  covered  ei- 
actly  tixe  image  of  Ibe  planet,  and  then 
dedLi(!jDir  the  diameter  trom  the  breadth 
of  iho  slip,  compered  with  tho  dlamoter 
of  the  field  ;  and  Ualva»«  liad  employed 
for  tho  Rflma  purpose  a  reticle  or  net- 
work ol  fine  silver  wires,  croefinji  each 
other  nt  right  eagles,  and  dlvidlni;  Ibe 
floUl  o'f  the  lolGscope  into  a  number  of 

"'microphone.     An  inatniment  for 

t£st  «^ikb"e?n1u  ti^e  sound  lobe  affected 
by  the  vibrations  of  that  body,  and 
thereliy  also  soutidinR  iteelf. 

MiLDEW.  This  unn  is  oercml- 
ly  applied  to  a  particular  mniildy  ap- 
pearani^o  on  the  leaves  of  pliinl!',  which 

fiiUEi.  wHch  if'  noVeCkU''  ln""t'li'ci? 
growth  will  octesion  Iha  deiay  and  de,itli 
-"  ■' whieh  they  grow,  and 


culture,  this  >ppeunuice  U  frequently 
termed  rust,  and  sometimes  blisiit.    It  is 

in  gardciii',  on  the  leaves  of  tho  pcacli, 
the  nectarine,  and  other  t^uSt  trees.  The 
CBuien  Rivoralila  to  tlie  proiiui.'tion  of 
miliicw  are  a  rieii  iioil  onJ  a  moist  atmos- 
phere, witlioutn  free  <-irculaiiou  of  iiir  or 
sunshine.  In  luiri culture,  tins  {nm.iiti- 
cul  diseniui  is  ui-nerully  ciin-i'lcreii  with- 
out remedy ;  but,  in  (nirdi-ninx,  il  iiuiy 
ha  cheeked  by  tlio  apiJlnitlon  of  n.v 


MILK.  The  Roman  pnco  beiiie  Ii  fvi't, 
and  a  Roman  foot  Iiein!;  cqunl  to  ll'i^a 
moilem    Eiii;li-h  iuelies,   it  full'ins  lliat 
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Tax  usiruL  Aim.  [mo. 

MILE  owns  ita  whilencu  and  opacity 

to  an  emulnion  compoud  of  the  caMont 
matter  and  butter,  with  sugar  of  milk, 
extractive  maitera,  salts,  and  free  lactic 
acid;  the  latter  of  which  cansca  fneh 
milk  to  redden  litmus  paper.  Millc,  in 
general,  cootBinB  from  10  lo  13  per  cent. 
of  eolid  niiiiicr,  pn  being  evapomled  to 
dnrness  by  a  steam  heat.  The  mean  ap»- 
cifie  gravitv  of  cows'  milk  is  1-oao,  but  it 
is  less  if  the  milk  be  rich  in  cream.  The 
specific  ghivity  of  [ho  skimmed  milk  ia 

sanmror'nv.ii,  "^';;;!!!!i:!!!!;;  »*» 

Mh'«B'   ;'■■-',    ..'■  '..|''lJme",,...     0-4eS 
Water WSIS 

b™h^lns. ''...', » 

Caeeons  matter  pradpltaled  by  the 
eounlatlDn  ofuia  milk  oT  the  bat- 
ter        >« 

Bu(t«r-mllk 9n 


a  water  Irath,  the  oxygen  of  the  iucluded 
small  portion  of  air  under  the  eoric  seems 
to  be  carbonated,  and  llie  milk  will  after- 
wards keep  fresh,  it  is  «ud,  for  a  year  or 
two :  a«  grcon  Kooseberriea  and  peas  do 

Milk  is  sometimes  adolteraled  with  po- 
tntu  starcli.  which  gives  it  *  creamv  con- 
sistence. This  fVuud  may  be  delected  by 
piiuritig  a  few  drops  of  wlution  of  iodine 

or  purple  tint.  £tnulsioa  of  nlmoDds, 
also  occniiiunally  used,  nciay  bs  detected 

The  substances  most  oommonlr  used 
for  the  puriiiwc  of  ailulteration  appear  to 
)>e  water,  nuur,  starch,  and  finelv  pow- 
dered ehalk. 

Uu  examimng  a  little  of  the  milk  under 
the  inicrosnnic,  tlie  peculiar  granules  of 
starch  and  flour  may  be  readilv  seen, 
larL-er  ami  more  oval  than  the  milk  glob- 


of  a  rlropor  two 
s  will  impart  to 
k  purNe  color. 
Ik  nuiy  be  stiH 


liquid,  nhera  it  may  al 
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onoe  be  recognized  by  ita  effervesdng  on 
the  addition  of  a  little  mariatio  acid. 

We  have  no  chemical  means  of  ascer- 
tuning  whether  water  has  been  fraadu- 
lently  added  to  milk,  the  only  effect  being 
to  dilute  it  and  render  it  poor  in  <jaality. 
A  knowledge  of  the  epecinc  q^nantity  can- 
not here  be  made  available,  since  the  ab- 
straction of  cream,  which  has  a  lower 
specific  gravity  than  milk,  may  be  made 
to  neutralize  the  effect  produced  by  the 
addition  of  water ;  the  tendency  of  the 
removal  of  the  cream  being  to  raise  the 
specific  gravity  of  the  fluid,  and  that  of 
tbe  addition  to  lower  it.  A  specimen  of 
milk,  therefore,  which  has  been  impover- 
ished by  the  attraction  of  its  cream,  and 
still  further  weakened  by  the  addition  of 
water,  may  bo  made  to  possess  the  sanie 
spednc  gravity  it  had  when  taken  pure 
from  the  cow. 

A  new  method  of  increasing  the  quan- 
tity of  cream  produced  from  mUk,  and 
preserving  mils,  has  been  discovered  bv 
Francis  ^rnard  Bekaert,  a  citizen  of  Bel- 

fium,  and  we  find  it  thus  described  in 
fewton's  London  Journal  for  January, 
1848,  in  an  account  of  a  patent  for  the 
purpose,  taken  out  in  England: — "The 
invention  consists,  firstly,  m  a  method  of 
increasing  the  quantity  of  cream  pro- 
duced fVom  milk,  by  the  addition  of  one 
table-spoonful  of  the  liquid,  hereafter  de- 
scribed, to  every  quart  of  new  milk  ;  the 
milk  is  then  stirred  once  or  twice  round, 
and  left  in  the  pan  or  vessel :  and  the 
skimming  may  take  place  at  tne  expira- 
tion of  the  usual  time,  but  the  patentee 
prefers  to  delay  it  a  little.  He  states  that, 
oy  the  application  of  the  liquid,  a  much 
larger  quantity  is  forced  to  the  surface  of 
the  milk  than' can  be  obtained  in  the  or- 
dinary way.  The  liquid  is  prepared  by 
adding  to  one  quart  of  water,  one  ouueo 
of  the  carbonate  of  soda,  one  tea- spoon- 
ful of  a  solution  of  tunneric  or  curcuma, 
and  three  drops  of  ranricrold  water. 
When  making  large  quantities  of  the  li- 
quid, it  is  not  requisite  to  weigh  the 
soda,  as  the  same  purpose  is  answered  by 
putting  such  a  quantity  of  soda  into 
water  as  will,  when  dissolved,  on  appli- 
cation of  a  salometer  known  in  Belgium, 
by  the  denomination  of  a  '  p^reset,'  show 
a  density  equal  to  ten  degrees.  The 
soda  is  first  mixed  with  the  water,  and 
Xhen  the  solution  of  turmeric  and  the 
marigold  water  are  added. 

"  The  patentee  claims,  under  this  head 
of  his  invention,  any  salt  of  soda,  when 
mixed  as  before  stated,  and  applied  to 
milk,  for  the  purpose  of  causing  a  larger 


quantity  of  cream  to  rise  to  the  surflMM 
of  the  mUk  than  is  procured  by  the  ordi- 
nary process.  The  soda  and  water  form 
the  basis  of  the  improvement,  the  solu- 
tion of  turmeric  and  marigola  water  be- 
ing only  used  to  improve  the  color  and 
quality  of  the  butter  made  f^om  the 
cream,  and  not  being  essentially  neces- 
sary to  effect  the  increase  of  the  cream. 
Altnough  the  patentee  finds  the  use  of 
the  soda  most  convenient,  he  claims  any 
other  alkali  when  applied  in  a  similar 
way. 

"The  second  part  of  the  invention  con- 
sists in  the  following  method  of  preserv- 
ing mUk :  One  table-spoonful  of^a  solu- 
tion of  soda,  made  by  dissolving  one 
ounce  of  carbonate  of  soda  in  a  quart  of 
water,  is  introduced  into  a  quart  bottle, 
nearly  filled  with  new  milk,  onlv  suffi- 
cient space  having  been  left  fbr  the 
spoonful  of  liquid :  after  which  the  bot- 
tle is  corked,  and  a  piece  of  string  put 
round  the  cork  to  prevent  it  from  nying, 
and  then  the  bottles  are  put  into  a  copper 
or  other  vessel  containing  cold  water, 
which  is  to  be  gradually  brought  to  the 
boiling  point.  When  this  has  been 
effected,  the  fire  is  to  be  withdrawn  fVom 
beneath  the  copper,  or  the  vessel,  if 
movable,  is  to  be  taken  off  the  fire,  and 
the  water  and  the  contents  of  the  bottles 
are  allowed  to  cool ;  the  bottles  are  then 
taken  out  of  the  water  and  packed  away." 

Scarcely  any  idea  can  be  formed  of  the 
immense  quantity  of  milk  produced  in 
the  Union.  In  forming  an  approxima^ 
tion  to  the  probable  quantity,  tlie  follow- 
ing, taken  from  the  patent  office  reports 
for  1847  and  1848,  may  afford  some  as- 
sistance : — 

'*  We  have  no  precise  data  on  which  to 
found  an  extended  estimate,  for  in  none 
of  the  census  returns  of  the  States  do  we 
find  the  number  of  milch  cows  specified. 
But  in  the  state  of  New  York,  in  1845, 
the  amount  of  butter  reported  as  made 
was  about  80,000,000,  and  that  of  cheese 
86,000,000  pounds. 

'*  Were  we  to  allow  for  every  pound  of 
butter  25  pounds  of  milk,  which  is  pro- 
bably a  low  average,  and  reckon  these  at 
about  10  or  12  quarts,  this  would  give 
800,000,000  or  more  quarts,  or  200,000,000 
gallons  of  milk.  But  considcrintf  the 
proportion  of  milk  used  for  butler  as 
one-half  throughout  the  whole  SUite,  and 
this  would  give  for  tlic  single  State  of 
New  York,  not  less  than  400,000,000  of 
gallons  of  milk  used,  be>*ide8  what  is  ap- 
plied to  butter  and  cheese  ;  and  were 
this  reckoned  at  only  2  cents  per  quart, 
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would  be  the  sum  of  $82,000,000,  while 
the  butter,  at  only  10  cents  per  pound, 
and  the  cneese  at  5  cents  per  pound,  a 
low  eBtimatc  for  each,  would  amount  to 
$8,000,000  for  butter,  and  the  cheese  to 
$1,800,000,  making  the  aggregate  of  the 
milk  product  of  the  single  state  of  New 
York,  at  a  very  low  estimate,  at  least 
$40,000,000,000,  equal  to  two-thirds  of 
tiie  cotton  crop  of  the  United  States. 

"  According  to  the  census  of  the  United 
Btates  in  1840,  the  number  of  neat  cattle, 
including  all  kinds,  was  for  Pennsylvania 
and  Ohio  each  about  one-quarter  less 
than  in  New  York.  As  it  is  believed 
that  the  number  of  oxen  used  in  New 
York  is  greater  than  in  Pennsylvania  and 
Ohio,  supposing  a  similar  ratio  to  hold 
good,  ana  modified  by  this  last  consider- 
ation in  these  two  States  with  respect  to 
milch  kine,  we  may  probably  consider 
the  milk  product  of  eacli  of  the  States  of 
Pennsvlvania  and  Ohio,  then,  at  about 
one-fifth  less  than  in  New  York.  It  is 
very  probable,  however,  that  the  propor- 
tion would  bo  less  with  respect  to  Ohio 
at  the  present  time.  But,  allowing  it  as 
we  have  mentioned,  wo  must  consider 
the  milk  products  of  Pennsylvania  and 
Ohio  equal  to  at  least  $64,000,000,  and 
the  aggregates  for  these  States  and  New 
York  woidd  be  equal  to  over  $100,000,000. 
Were  this  estimate  to  be  extended  to  the 
other  States,  the  amount  in  value  must 
be  enormous." 

The  quantity  of  miU:  sold  in  our  cities 
is  great.  Some  idea  of  it  may  be  formed 
from  the  fact  that  50,000  ouarts  of  milk 
daily  are  carried  on  the  Erie  railroad, 
equal,  including  the  cans,  to  sixty-three 
tons,  not  less,  probably,  than  15, WO, 000 
or  16, 000, 0(H)  quarts  a-yenr,  which  did 
not  find  its  way  to  New  York  before  the 
road  was  constructed. 

MILLS  are,  in  the  original  sen?e,  estab- 
lishments for  grinding  grain,  &e.,  but  the 
word  is  often  synonvnious  with  factory  or 
manufactory,  and  applied  to  any  thing 
wroujfht  bv  machinery. 

Fhyur  nulU  have,  for  a^es,  Ijccn  wrought 
by  water  and  wind,  but  latterly  steam 
has  been  applied.  The  principle  is  the 
same  in  all,  the  rotation  ot  a  stone  in  jux- 
taposition with  a  fixed  one,  with  hopper 
for  supply,  and  bolter  for  .^ittinjr.  Doubts 
beintr  entertained  of  the  intcirrlty  of  many 
millers,  various  mills  for  donx's'tic  grind- 
ing  have  Ix-cn  invented,  as  Stockdale's 
and  KustulTs,  with  d«'tnrhod  bolters. 
Rustall's  consists  ofvortieal  stones  of;^0 
inches,  one  of  which  is  turned  by  a  winch, 
and  altogether   most  complete,  and   his 


bolter  IB  equally  exoellent.  It  has  been 
adopted  in  prisons,  workhouses,  barEBdu^ 
and  other  establishments. 

The  grain  falls  from  the  hopper  into 
the  eye  of  the  upper  mill-etone,  and  by 
its  revolution  is  passed  between  the 
stones,  and  thrown  out,  as  flour,  meal, 
or  malt.  The  number  of  revolutions  in  a 
minute  ought  to  be  450,  divided  by  the 
diameter  in  feet. 

An  upper  stone,  of  six  feet,  containa 
about  22i  cubic  feet,  at  840  or  850  lbs.  to 
the  foot,  and  its  revolutions  about  75  per 
mi  nute.  The  water-wheel  mar  be  1 8  feet, 
if  the  floats  move  with  a  third  of  the  ve- 
locity of  the  stream. 

A  sack  of  wheat  per  hour  may  be 
ground  with  a  power  able  to  raise  900 
lbs.  70  feet  per  minute;  for  2,  8,  or  4 
sacks,  the  power  rises  in  less  ratio  than 
the  multiple,  ♦."«.  2100  lbs.  at  70  feet, 
would  grind  three  sacks  of  rye  or  wheat. 

To  grind  8  sacks  per  hour  requires  a 
cylinder  of  a  steam-engine  of  20  inches, 
and  1  sack  a  cylinder  of  12*5  inches.  To 
do  the  same  work,  8  and  1  sack,  with  an 
overshot  water-wheel  of  12  feet,  requires 
1600  and  660  imperial  gallons  of  water; 
with  a  wheel  of  16  feet,  1200  and  50u  im- 
perial gallons ;  or  with  a  wheel  of  24  feet, 
800  gallons  and  330  per  minute. 

In  a  corn-mill,  there  are  three  depart- 
ments. 1.  The  revolving  sieve  ana  fan, 
to  clean  the  com  before  it  descends  to 
the  hopper.  2.  The  hopper  and  the 
stones.  8.  The  cooler  and  vibrating  bol- 
ter, where  it  is  dressed.  A  system  of 
buckets  raises  the  grain  to  the  sieve,  and 
the  flour  to  the  bolter,  by  various  appli- 
cations of  the  moving  power. 

Bigelow  proposes  to  make  holes  in  the 
cap  or  ruiming- wheel,  to  prevent  the 
lieating  or  clogi^ing  of  the  meal,  in  cases 
of  increased  velocity. 

Mill-stones  are  hard  grit  or  granite- 
stones,  cut  into  grooves  in  octagonal  seo- 
tions,  so  as  to  cross  each  other  in  work- 
insT,  and  make  the  grain  pass  over  the 
largest  surface.  Eight  radii,  at  45*^,  are 
first  grooved  with  a  double  hammer,  pick, 
and  chisel,  and  then  six  other  roaus  or 
grooves  are  chisselled  and  picked  panillel 
to  each  of  these  radii ;  the  stones  then 
work  parallel.  Some  work  right-handed, 
others  left-handed,  but  the  grooves  must 
tallv. 

iHnx  rnilh  are  water-mills,  which  turn 
rollers  for  bruising  the  rough  flax,  and 
revolviiiir  or  turnincr  spikes  or  seutohers 
to  clear  the  tlax  presented  to  them.  For- 
ty aws  for  the  water-wheel,  and  102  cogs 
for  the  power,  moving  another  with  25 
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teeth  for  tne  middle  roller,  are  the  pro- 
portions of  Grav. 

FlaUing  miUs  for  redadng  metal  to 
plates,  are  rollers  tamed  by  horses,  or 
steam-power,  through  which  the  metal  is 
passed  and  repassed.  The  distances  of 
the  rollers  are  adjusted  by  screws^  turned 
by  pinions.  Lead,  copper,  and  silver  are 
rolled  thus,  and  copper  is  silvered  by  rol- 
ling a  thin  plate  of  silver  fixed  to  a  thick 
one  of  copper,  and,  by  repeatedly  passing 
through  the  rollers,  constantly  narrower 
or  closer,  a  perfect  thin  sheet  of  silvered 
copper  is  produced  which  may  be  cut  or 
stamped  tor  plated  ware,  or  other  pur- 
"Doses. 

A  sugar  mill  is  formed  by  three  upright 
rollers,  the  one  moving,  and  the  side 
ones  fixed,  or  sometimes  the  three  mov- 
ing. The  rollers  are  turned  by  mules, 
water,  or  steam-power,  and  the  canes  are 
placed  between  tne  rollers  by  hand.  The 
expressed  juice  runs  into  a  trough,  and 
thence  into  a  reservoir. 

The  following  calculations  majr  be  use- 
ftiUy  given  under  the  head  of  mill  opera- 
tions: In  an  undershot  water-wheel,  the 
quantity  is  the  velocity  in  a  second  into 
the  area  of  the  water-wav.  And  tiie 
poioer  is  the  quantity  into  the  weight  of 
a  cubic  inch  of  water,  and  the  velocity. 
The  power  is  to  the  effect  produced,  aa 
10  to  8-62. 

In  an  or^sJiot  wheel,  the  power  is  the 
product  of  the  descent  from  the  head  to 
the  bottom,  and  the  weiglit  of  the  water 
expended  in  a  second.  The  power  is  to 
the  effect  as  10  to  6-6. 

The  velocity  at  a  maximum  load  is 
three  feet  in  a  second. 

The  velocity  is  the  square  root  of  the 
space  ftiUun  throiigli.  For  the  stiiiie 
stream  fallimr,  turns  a  wlicel  57  times  in 
a  minute,  and  direc'to<l  to  the  centre  i\a 
in  an  undershot  wht-el,  turns  it  but  '^H-'y 
times,  which  are  as  1  to  1-414,  tiie  s(iuurc 
root  of  1  and  2  nearly. 

Therefore,  the  veUtcities  will  be  as  the 
square  roots  of  their  diameters,  in  all 
overshot  wheels. 

Portahle  horse  mills. — The  horse  is  at- 
tached to  the  extremity  of  u  cast-iron  le- 
ver, which  nuts  in  motion  a  lartre  hori- 
aontal  wheel,  the  U]>riL'lit  axis  of  which 
is  sunk  into  the  earth,  and  havintr  a 
groove  around  its  rim,  which  is  armed 
with  points  of  iron  ;  tlicse  points  enter 
the  links  of  a  chain,  which  ]>a.ss('s  around 
the  great  wheel,  and  throuu'h  two  cast- 
iron  trunks,  or  tubes,  wliicli  are  buried 
in  the  earth,  under  the  lior.-^t-- walk.  This 
chain    verv   conveniently   communicates 


the  motion  to  anv  distance,  and  in  ajiT 
direction  required.;   and  eitlier  of  eaen 
may  be  varied  ad  inJinUum^  without  much 
loss  of  time,  or  tho  employment  oi  any 
.  considerable  quantity  oi  materials.    Two 
I  men  only  were  able  to  re-establish  a  mill 
■  in  the  course  of  an  hour,  in  a  fresh  situa- 
I  tion  in  the  open  air.    The  horse  is  at- 
tached to  the  outer  end  of  tho  lever,  by 
means  of  a  swingle-tree  and  traces,  which 
should  be  as  short  as  possible. 

Mr.  Bogardus,  of  ^ew  York,  has  in- 
vented an  universal  eccentric  mill  for 
wheeling,  cutting,  and  grinding,  which 
is  one  of  the  most  useAil  and  important 
inventions  of  the  time.  Uis  patent  has 
been  extended  by  special  act  of  Congress 
14  years,  in  consiaeration  of  its  great 
merit. 

In  Mr.  Bogardus^s  mill  the  principle  is 
entirely  new,  both  plates  revolve  in  the 
same  direction  (with  nearly  equal  speed) 
on  centres,  which  are  apart  from  each 
other  one  inch,  more  or  less  ;  the  centre 
of  the  one,  or  axis  thereto  affixed,  resting 
on,  or  revolving  upon  a  stationary  point, 
whilst  the  prime  mover,  by  means  of  a 
belt  or  gearing,  commxmicatcs  motion  to 
the  other  plate.  The  circles  which  are 
cut  in  the  plates  act  like  revolving  shears, 
cutting  every  way,  which,  when  in  opera- 
tion, causes  a  peculiar  cutting,  wrench- 
iiiir  or  twistiiitf,  and  sliding  motion,  ad- 
mi  ralily  adapted  for  every  species  of 
grinding.  From  tho  position  of  the  two 
centres  it  is  named  the  eccfntric  viiU. 
The  following  arc  some  of  its  advnntaifes  : 

1.  The  peculiar  motion  of  the  plates 
will  of  itself  discharge  the  ground  sub- 
stance ;  so  tliat  many  8ub^tances  can  be 
ground  therebv  which  would  altogether 
choke  other  mills. 

2.  In  other  mills,  a  given  point  in  ons 
of  the  plates  continually  describes  the 
same  circle  on  the  other;  but  in  this 
mill  it  traverses  on  the  other  plate  at  an 
intinitc  variety  of  angles,  every  point 
within  two  concentric  circles  apart  from 
each  other  twice  the  distance  ol  the  cen- 
tres of  tiie  ]>lates,  thereby  rendering  the 
wear  and  tear  of  the  plates  unil'orin,  and 
preserving  the  grinding  action  of  every 
point. 

8,  In  other  mills  the  crrindinir  power  of 
each  ])oint  increases  witli  its  distance  from 
the  centre ;  but  in  this  mill  every  ]>oint, 
from  the  centre  to  the  circumlcrencc.  has 
the  same  irrindiiii;  ])o\vcr.  \  con>i(ler- 
ably  smaller  mill  will  thererore  ellccl  a 
given  jturjui^c,  and  the  eccentric  mill  is 
therj'l'orc  m(»re  ]>crlnble  than  olhcr  mills. 

4.  Tlie  evr  cliangiinr  action  of  the  uiiU 


and  tht  qniok  disolur^  of  tha  snbatance 
ground  prevented  ttom  bvcomins  lieMcd, 
DO  that  the  eowntric  mill  ms)'  be  proBc- 
8bly  employed  in  (trindinp  Bubaljnces 
whiph,  in  other  mills,  would  be  either 
spoileit  or  deteriorsted  in  qoiiUty,  or,  by 
their  mellinff,  be  imponsible  lo  be  pround. 
If  other  mills  were  driven  with  that  speed 


Bo(t»r<lus's  mills  hnve  been  snccessfiil- 
If  introdiioed  fertile  fnllowiiiK  purposes; 
HiiUinz  rice,  cotfw,  and  ollvex.  Orind- 
ingerainofeil  ItiQiIii;  paintB  of  oil  kinds. 
in  wBter  or  oil:  iron,  zine,  copper,  end 

{old  oreii,  plunibii)K>  end  munznnese; 
oneH  for  manure,  and  bones  for  Buser 
reUiilnir,  fliut  end  qiterti,  chercoel.  plus- 
ter,  pully,  printers'  inks,  druin  and  dve- 
ttnth;  iiniiir^  mnsUird,  coITog,  apii'es, 
loef'i'iii'ur,  stiireh,  tarn*,  resins,  anplinll- 
um.  indin-rii liber,  flax-uod.  and  oil-rake. 
MILL-8T0NB,  or  Bunn-KroKE.  Thia 
Interestinir  fiirm  of  ailim,  wiiiuh  onmra 
In  Croat 


r,  the 


vlUib. 


.  ,  iiiiw,  and  size,  and  are  ollen  eroKi- 
odbytlimi.lalea,  or  eoiirso  fibres  of  oilex. 
The  hnlir-atono  has  a  Hlrai^ht  tVucIure, 
bnt  it  U  not  bo  brittle  oa  flint,  thouicli  its 
hnrdnenB  is  nearly  the  name.  It  in  f'peblv 
traiisliirent;  its  lydnra  are  pale  and  deail, 


a  sjliciotu  natnre,  and  their  oaTmas  ar* 
of>cn  bedecked  with  cnstal*  and  qnait^ 
The  best  hnhr-etonea  for  gnadin);  eont. 
have  about  an  equal  proportion  of  •olid 
matter,  end  of  Toeuit  space.  The  tlncat 
qnarry  of  them  is  upon  the  high  ground, 
near  La  Firlf-iotii-Juuarrf.      The  slonea 


1  hoops  into  Urn 
"iXntrioT^'oood 


[uality.  A  set  of  5|  feel  Georgia  M 
lave  been  put  up  in  the  mills  of  Hi 
lall,  Bro.  it  Co.,  at  Bicbmond,  Viqii 

MINE.    The  name  given  generally 
iveo;  sv *■  — •■ ■- 


af  subterraneous  work  or 

ich  has  for  its  object  the 

■ry  aud  eilmcljon  of  the  m_elallie 


of  a  wliltish,  gmyi-h,  or  yellowish  oist, 

ores  or  other  mineral  produce.     Bot  in 

Bildilion  to  thi-  unaerjtroond  works  which 

The  Imhr- stones  nsiialK-  octnr  in  beds, 

coimtiliito  the  mine  properly  bo  called, 

which  are  mimBtiiiius  u.nlinuons,  mul  at 

others    inlcmipte.1.       Thei-e    beils    ure 

LTniiind  on  the  surftce,  togctlier  with  the 

phioeil  amid  ili'piv.iies  of  onnd.  or  iin.'illii- 

ccoiis  and  ti-rniL'inoiii>  timrls.  wbii-h  w-iio- 

triite  l.i'l»-een  them,  niliii^  their  fiMuTDS 

and  (ither  nmchinery  for  drainage,  the 

cxtriwliiin  of  the  ores,  and  Iheir  incchan- 

constihita  e  very  ran-  Beolosrii-ul  thptiin- 

i«il  prcpiiratioii.  with  various  biiildiogs 
nnil  .■rcclioTff.    The  subject  of  mines  is 

tinn,  h<-iiiB  finind  in  iihnn.lance  onlv  in 

llic  miiii'ml  ln..in  of  i'liris.  and  a  r,..w  iiil- 

joiiiii../  ,1i*tric'tB.     IlH  iiliire  of  sii|MT]i...i- 
lioi.  is  well  :i-'.vrtiiiticd  :  it  form-  a  part 

of  llie  l'..nslrii>c.  or  rrt'sh-wiiIiT  t-|.Tmu- 

vilii'iiiii<n:  and  the  means  employcilloob- 

Ti<m.  whidi.  in  the  Uiilitv  ulludid  to. 

iitili'iiiity.  und  has  formed  a  brnneh  of 
iihlnsiry  tu  the  most  harbiirons  as  well 


mmes     inic  resting 
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when  viewed  m  the  first  link  in  the 
chain  of  those  elaborate  and  scientific 
processes  which  result  in  placing  at  our 
disposal  the  metal  of  any  ore,  no  matter 
how  refractory. 

In  the  lodes,  or  veins,  the  principal 
matters  which  till  them  are  to  bo  distin- 
guished from  the  accessory  substances ; 
the  latter  being  distributed  irregularly, 
amidst  the  mass  of  the  first,  in  crystal's, 
nodules,  grains,  seams,  &c.  The  non- 
metuiliferous  exterior  portion,  which  is 
often  the  largest,  is  called  gangue^  from 
the  German  gana^  vein.  The  position  of 
a  vein  is  denoted,  hke  that  of  the  strata, 
by  the  angle  of  inclination,  and  the 
point  of  the  horizon  towards  which  they 
dip,  whence  the  direction  is  deduced. 

Feins  are  merely  small  lodes,  which 
sometimes  traverse  the  great  ones,  rami- 
fying in  various  directions,  and  in  dificr- 
cnt  degrees  of  tenuity. 

A  metalliferous  substance  is  said  to  be 
disseminated^  when  it  is  dispersed  in 
crystals,  spangles,  scales,  globules,  &c., 
through  a  large  mineral  mass. 

Certain  ores  which  contain  the  metals 
most  indispensable  to  human  necessities, 
have  been  treasured  up  by  the  Creator  in 
very  bountiful  deposites  :  constitutini^ 
either  great  masses  in  rocks  of  ditlerent 
kinds,  or  distributed  in  lodes,  veins, 
nests,  concretions,  or  beds  with  stony 
and  earthy  admixtures  ;  the  whole  of 
which  become  the  objects  of  mineral  ex- 
ploration. These  precious  stores  occur 
m  difierent  stages  of  the  geological  for- 
mations; but  their  main  portion,  after 
having  existed  abundantly  m  tlie  several 
orders  of  the  primary  strata,  suddenly 
cease  to  be  found  towards  the  middle  of 
the  secondary.  Iron  ores  are  the  only 
ones  which  continue  among  the  more 
modem  deposites,  even  so  high  as  tlie 
beds  immediately  beneath  tlic  chalk, 
when  they  also  disappear,  or  exist  merely 
as  coloring  matters  ol  the  tertiary  earthy 
beds. 

The  strata  of  gneiss  and  mica-slate 
constitute  in  Europe  tlic  grand  meUillio 
domain.  There  is  hardly  any  kind  ol 
ore  which  docs  not  occur  there  in  suffi- 
cient abundance  to  become  the  object  of 
mining  operations,  and  many  are  found 
nowhere  else.  Tiie  tran>*ition  rocks,  and 
the  lower  part  of  the  secondary  ones,  are 
not  BO  rich,  neither  do  thev  contain  the 
same  vurietv  of  ores.  But  this  order  of 
thinirs,  which  is  presented  by  Great 
Britain,  Germany,  trance,  Sweden,  and 
Norway,  is  far  from  forming  a  greueral 
law  ;   since  in  equinoctial  America  the 


gneiss  is  but  little  metolliferoas ;  while 
the  superior  strata,  such  as  the  clay- 
schists,  the  sienitic  porphyries,  the  lime- 
stones, which  complete  the  transition 
series,  as  also  several  secondary  depo- 
sites, include  the  greater  portion  of  the 
immense  mineral  wealth  of^that  region  of 
the  globe. 

An  the  substances  of  which  the  ordi- 
nary metals  form  the  basis,  are  not 
equally  abundant  in  nature  j  a  great  pro- 
portion of  the  numerous  mmeral  species 
which  figure  in  our  classifications,  are 
mere  varieties  scattered  up  and  down  in 
the  cavities  of  the  great  masses  or  lodes. 
The  workable  ores  ore  few  in  nmnber, 
being  mostly  sulphurets,  some  oxides, 
and  carbonates.  These  o^.casionally  form 
of  themselves  very  la»ge  masses,  but 
more  frequently  they  are  blended  with 
lumps  of  quartz,  feldspar,  and  carbonate 
of  lime,  which  form  the  main  body  of 
the  deposit ;  as  happens  always  in  pro- 
per lodes.  The  ores  in  that  C4ise  are  ar- 
ranged in  small  layers  parallel  to  the 
strata  of  the  formation,  or  in  small  veins 
which  traverse  the  rock  in  all  directions, 
or  in  nests  or  concretions  stationed  ir- 
regularly, or  final Iv  disseminated  in  hard- 
ly visiliile  particles.  These  deposites 
sometimes  contain  apparently  only  one 
species  of  ore,  sometimes  several,  which 
must  be  mined  together,  as  they  seem  to 
be  of  contemporaneous  formation ;  whilst, 
in  other  cases,  they  are  Mcparable,  hav- 
ing been  probably  formed  at  difierent 
epochs. 

The  following  general  observations  on 
the  localities  of  ores,  and  on  the  indica- 
tions of  inetiUlic  mines,  show  their  dis- 
positions in  various  geological  forma- 
tions. 

1.  Till  exists  principally  in  primitive 
rocks,  appearing  either  in  interlaced 
masses,  in  beds,  or  as  a  constituent  part 
of  the  rock  itself,  and  more  rarely  in  dis- 
tinct veins.  Tin  ore  is  found  indeed 
sometimes  in  alluvial  land,  fillintf  up  low 
situations  between  lotYy  mountains. 

2.  Gold  occurs  cither  in  beds  or  in 
veins,  frequently  in  primitive  rocks ; 
though  in  other  formationSj  and  particu- 
larly in  alluvial  earth,  it  is  also  found. 
When  this  metal  exists  in  the  bosom  of 
primitive  rocks,  it  is  particularly  in 
schists  ;  it  is  not  found  in  serpentine, 
but  it  is  met  with  in  graywacke  in  Tran- 
sylvania. The  gold  of  alluvial  districts, 
called  gold  of  washintr  or  trans]>ort,  oc- 
curs, as  well  as  alluvial  tin,  among  the 
debris  of  the  more  ancient  rocks. 

«.  Siher  is  found  particularly  in  veins 
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and  bedfl,  in  primitive  mnd  trwuiition  foi 
mation* ;  Ihongh  »ome  Tein*  of  Ihi 
mEtal  CNxnr  in  secondM^  strstL      Th 

day-BlBlB,  pnywBpfce,  snd  old  »]pm 
timostoae.  LCKslities  ot  Bilvsr-ore  iudf 
mre  not  nnmerOQs,  at  least  in  Europe, 
«moDg  eeconduj  forniilioiui ;  bat  it  oc- 
ODn  in  c«m1nmition  irith  the  ores  of  cop- 
per or  of  lead. 

4.  0>pprr  eriets  in  the  three  mineral 
epophoa  ;  flreC,  in  primitive  roclts,  prin- 
cipullj  in  the  state  orpjTiloug  copper,  in 


'  epocha*  ;  iti  moot  abnadant  deposits  ara 
leins  in  primitiTe  rocks;  snill  Tcina 
eoDtaining  thia  metal  are  found,  hoirever. 


pondary  ntrata,  especially  ii 


guilds,  whore  it  uauatly  constitutes 
veint,  BDd  occaaiooallf  beita  of  aulp1iu> 
retted  lead  (salena).  The  Esmo  ore  is 
fotiDd  in  strata  or  i[i  tcIiis  among  secon- 
dary rocka,  aeaociBted  nowandtnenivith 


6.  jnm  is  met  vith  in  four  different 
mineral  eras,  bat  in  different  ores. 
Amonz  primitive  rocks,  moKDetic  iron 
tm  ana  epecular  Iran  ore  occur  ehiellv  in 


tile)  nrc  found  gencrallf  in  veins,  or  oe- 
casioDoll}'  in  nUKBea  witli  sparrf  iron, 
both  In  primitive  and  transition  rooks ; 
M  also  anmetimcB  in  cccoiiilary  stnita; 
bnt  more  frequentty  in  the  coal-meusnrB 
atmtu,  as  bcib  of  duf -ironstone,  of  utuU' 
alar  iron,  oxide,  and  carbonate  of  in>ii. 
In  alluvial  districts  we  find  a  ero<s  clay' 
iron  stone,  icrBniilar  imn-nrc,  )»jg-i)rc, 
Bvump-orc,  and  mcnili>«r-ore.  The  iri>n 
ores  whidi  lielonj;  to  the  primitive  period 
have  almost  always  the  metallic  aspect, 
ii'hness  nmniinting  even  to  %0 


ions  becoiiig  in  trcnenil 
arthv,  doirn  to  those  in 
ine  of  which  prcavtit  tlie 


.1.  of  ir 
r  fortiii 


0,  11.  BiHmnth  and  oickel  do  not  ap- 
ir  to  conatitQle  the  predominating 
stance  of  any  mineral  depoaita ',  but 
J  ofleu  accompany  cobalt. 


dary  strata,  us  li  n.uj;  witii  otida  ot 
iron,  and  som-  .  -  ujtii  ■ulnhurot  of 
lead.  ^ 

An  acquainl:'!  .  -.mh  the  general  re- 
snlts  collected  i.  i  i.-L.-fiflcd  by  geolDgy 
must  be  our  fli-  ,-  .11-  in  the  mveslin- 
tion  of  mines.  1  :.-  ,„i,hle»  the  obSr- 
ver  to  judge  wl,.  i  l,,r  ii[iy  particular  dis- 
trict should,  frt-i:.  111.-  niiiure  andarTatige- 
ment  of  its  re,  I,-,  !,  niiawptiblc  of  V 
eludlng  wilhio  ;■-  ■ -urn,  beds  of  work- 
degree,  what  siii"Uiiji'i,-  iiiny  prubably  bo 

whnt  locality  III,-,'  Mihstunces  will'  pre- 
ferably effect.  I',  ir  wivnt  ,if  a  kuowladgo 
of  these  facte,  rnnnv  inTsunit  hove  gime 
blindlj;  into  n.M-urVliet  squally  absurd 

Formerly,  indimtions  of  miDet  wera 
taken  (Vom  vary  nniinpoitant  drciim- 
stsnces ;  from  thermal  waters,  the  heat 
of  wliirh  was  gratuitously  referred  to  the 
depomposilion  of  pyrites;  fVom  mincril 

IVum  a  far  distant  source :  (Vom  vapors 
iiii'iimhent  over  paniculur  mouniiin 
groups ;  Jh>m  the  miows  melting  fa^t«r 
in  one  mineral  district  than  anollier; 
from  the  different  species  of  forest  trees, 
and  from  llio  gn-aler  or  less  vigor  of 
veifetation.  &r.  In  general,  all  sucli  in- 
ec|nally  tiillecious  will 


luMip  oi  pyrjies  aiinpcnaea  ov  a  rrircno. 

Gunj>ow(ler  is  the  must  vjaable  lofXA 
of  excavation ;  poswepsinjt  a  power  which 


i  afterwards  made  t< 
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plode.  The  hole  is  always  cylindrical, 
and  is  nsooUy  made  by  means  of  the 
borer,  a  stem  of  iron,  terminated  by  a 
blun^^ged  chisel.  It  sometimes  ends 
in  a  oroMs,  formed  by  two  chisels  set  j 
transversely.  The  workman  holds  the  | 
stem  in  his  left  hand^  and  strikes  it  with 
an  iron  mallet  held  in  his  right.  He  is 
earefnl  to  tnm  the  punch  a  very  little 
ronnd  at  every  stroke.  Several  punches 
are  employed  in  succession,  to  bore  one 
hole ;  the'  first  shorter,  the  latter  ones 
longer,  and  somewhat  thinner.  The  rub- 
bish is  withdrawn  as  it  accumulates,  at 
the  bottom  of  the  hole,  by  means  of  a 
picker,  which  is  a  small  spoon  or  disk  of 
iron  fixed  at  the  end  of  a  slender  iron 
rod.  When  holes  of  a  large  size  ore  to 
be  made,  several  men  must  be  employed ; 
one  to  hold  the  punch,  and  one  or  more 
to  wield  the  iron  mallet.  The  perfom- 
tions  are  seldom  less  than  an  inch  in 
diameter,  and  18  inches  deep  :  but  they 
are  sometimes  two  inches  wiae,  with  a 
depth  of  60  inches. 

The  gunpowder,  when  used,  is  most 
commonly  put  up  in  paper  cartridges. 
Into  the  side  of  the  cmrtria^e,  a  small  cy- 
lindrical spindle  or  piercer  is  pushed.  In 
this  state  the  cartridge  is  forced  down  to 
the  bottom  of  the  hole,  which  is  then 
stuffed,  by  means  of  the  tamping  bar, 
with  bits  of  dry  clay,  or  friable  stones 
coarsely  pounded.  The  piercer  is  now 
withdrawn,  which  leaves  in  its  place  a 
channel  througli  which  fire  may  be  con- 
veyed to  the  charge.  This  is  executed 
eitlier  by  pouring  gunpowder  into  that 
passage,  or  by  inserting  into  it  reeds, 
straw  stems,  quills,  or  tubes  of  naner 
filled  with  gunpowder.  This  is  exploded 
by  a  long  matcn,  which  the  workmen  kin- 
dle, and  then  retire  to  a  plocc  of  safety. 

As  the  piercer  must  not  only  be  slender 
but  stiff,  so  as  to  be  easily  withdrawn 
when  the  hole  is  stamped,  iron  spindles 
are  usually  employed,  though  they  oc- 
casionally give  rise  to  sparks,  and  conse- 
?iuently  to  dangerous  accidents,  by  their 
riction  against  the  sides  of  the  hole. 
Brass  piercers  have  been  sometimes  tried ; 
but  they  twist  and  break  too  readily. 

Each  hole  bored  in  a  mine,  should  be 
BO  placed  in  reference  to  the  schistose 
structure  of  the  rock,  and  to  its  natural 
fissures,  as  to  attack  and  blow  up  the 
least  resisting  masses.  Romctimes  the 
rock  is  preiMtred  hcforchand  for  syilitting 
in   a   certain   direction,    by   moans  of  a 

narrow  channel  excjivated  with  the  small 
hammer. 
The  quantity  of  gunpowder  should  be 


proportional  to  the  depth  of  the  hole,  and 
the  resistance  of  the  rock,  and  merely 
sufficient  to  split  it.  Any  thing  additional 
would  serve  no  other  purpose  than  to 
throw  the  fragments  aoout  the  mine, 
without  increasing  the  usefVil  efi^ect.  Into 
the  holes  of  about  an  inch  and  a  ouarter 
diameter,  and  18  inches  deep,  only  two 
two  ounces  of  gunpowder  are  put. 

It  appears  tnat  the  efifect  of  the  gun- 
powder may  be  augmented  by  leaving  an 
empty  space  above^  in  the  middle  of, 
or  Dcneath  the  cartridge.  In  the  mines  or 
Silesia,  the  consumption  of  gunpowder 
has  been  eventually  reduced,  without 
diminishing  the  prodfuct  of  the  blasts,  by 
mixing  sawdust  with  it,  in  certain  pro- 
portions. The  hole  has  also  been  filled 
up  with  sand  in  some  cases,  according  to 
Mr.  Jessop^s  plan,  instead  or  being  pacKed 
with  stones,  which  has  removed  the  dan- 
ger of  the  tamping  operation.  The  ex- 
periments made  in  this  way  have  given 
results  very  advantageous  in  quarry 
blasts  with  great  charges  of  gunpowder ; 
but  less  favorable  in  the  small  charges 
employed  in  mines. 

Water  does  not  oppose  an  insurmount- 
able obstacle  to  the  employment  of  gun- 
powder; but  when  the  hole  cannot  be 
made  dry,  a  cartridge  bag,  impermeable 
to  watcrj  must  be  had  recourse  to,  pro- 
vided with  a  tube  also  impermeable,  in 
which  the  piercer  is  placed. 

Afler  the  explosion  of  each  mininff 
charge,  wedgers  aud  levers  are  employed, 
to  drag  away  and  break  down  what  has 
been  shattered. 

Wherever  the  rock  is  tolerably  hard. 
the  use  of  gunpowder  is  more  economical 
and  more  rapid  than  any  tool-work,  and 
is  therefore  always  preferred.  A  gallery, 
for  examj>Ie,  a  yard  and  a  half  high,  ana 
a  yard  wide,  the  piercing  of  which  by  the 
hammer  formerly  cost  from  five  to  ten 
pounds  sterling  the  running  yard,  in 
(remiany,  is  executed  at  the  present  day 
by  gunpowder  at  from  two  to  three 
pounds.  WHien,  however,  a  precious 
mass  of  ore  is  to  bo  detached,  wnen  the 
rock  is  cavernous,  which  nearlv  nullifies 
the  action  of  gunpowder,  or  wFien  there 
is  reason  to  apprehend  that  the  shock 
caused  by  the  explosion  may  produce  an 
injurious  fall  of  rubWsh,  hand-tools 
alone  must  be  employed.* 

When  the  rockn  which  cover  valuable 
minerals  are  not  of  verv  great  hardness, 
I  as  hajipens  pcnenilly  with  the  coal  forma- 
tion, with  j)vritous  and  aluminous  slates, 
sal  j;em,  and  some  other  minerals  of  the 
secondary  strata,  the  borer  is  employed 
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with  (dviuibura  W  ircertain  their  nntnre. 
ThiamodeorinveBligiitioniseconoiiiiail, 
Mad  e^i-e*-,  in  *arh  nue»,  >  tulcrstalf  exiwt 
initiiht  into  tbg  ricbcK  atthv  intonor. 

Tlie  mode  of  vorking  mitiea  is  two- 
fold ;   by  <)pe(i   tcearatJaiu,    and  niter- 

Workiiipi  in  the  0[ien  sir  prcwnt  ftw 
difficullici,  sad  ocoisioo  little  ffiucnse, 
unlei*  wlien  piiahpd  lo  ■  great  dcfith. 
They  ere  nlwiiys  prefiirrcd  Ibr  working 
depnutB  little  dintnnt  Troni  the  surface; 
where,  iu  fact,  other  inethod:^  oouuot  tir 
resorted  to,  if  llie  aubstaiiee  lo  bo  miiwd 
be  covered  with  iiicoiierent  mntten.  Tiie 
only  ruleii  to  bo  observed  are,  to  nrranee 
Che'  workings  in  terraces,  so  as  to  racih- 
tote  the  oiilling  down  of  the  earth ;  to 
transport  the  ores  and  tlio  ruhbish  to 
their  declination  at  the  lenst  possible  cx- 

BBnne,  and  to  ^iiard  against  the  crumt 
ng  down  of  the  sides.  With  the  iultt 
^ew,  they  oojtht  ro  have  ■  — '-  ■"-'  ■  -' — 
or  lo  be  propped  by  tim 
they  are  not  •\uile  si^id. 


biiildine  Hlones,  rooting  slntes,  nuisfcs  of 
rock-salt  in  eotne  siluutiuns,  and  ccrlun 
deposits  of  ores,  particuhirty  the  apevu- 
larironortheUlaad  of  Elba,  the  inai-sus 
of  stsDniftaroas  granite  of  liaytr,  Alltn- 
birg,  and  Segfrn,  in  the  ErtzgcnergF,  a 
chain  of  moonlnina  hctwccn  Saxony  and 
Bohtmhi!  the  lliick  veins  or  miisiics  of 
black  nxidn  of  iron  of  Niirdmurcb,  I)nn- 
nemora,  &c.,  in  Sni'den ;  tiic  nines  of 
cnprcoiis  pyrili-s  of  Kirruaii,  near  Dron- 

coppcr,  and  gold  in  tliu  Ural  niouutajtis, 

.•fiiUrrranei7it  maiiiig'  mny  be  con- 
vcnientlv  divided  Into  five pIimscN,  viz.: — 

1.  Vein«  or  be'hi,  much  incliiieil  totlip 
horizon,  having  a  tliickncsa  of  at  leant 
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the  miner  to  the  point  nioet  proper  tat 
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ly  inclined. 

*.  Veitis.  or 

U'd 
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5.  Miwwsof  f*in»idcraWe  magnitude  in 


miner  to  the  point  nioet  propel 
'king  tlie  depoaiC  of  ore,  ior  Ira* 
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The 
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rriiiciiial  aptcici ;  iliafl*.  mil- 
kritu,  and  chivtl^ri.    Wlicii  the  width  of 

oitnmonly  the  case  ailh  shafts  sod  gal- 
leries, their  sides  can  soiiielimes  slund 
■  ■      of  themfclvei 

Willi  bricks  • 
stulflne  the  si>uce  with  rubbish.  Tlu'se 
three  kinds  of  ev/fort  are  called  timlitr- 
iit'i.  K.iltiiiy.  madjilliag  up. 

Timbering  is  niosl  used.  It  Tsries  in 
f'lnn  fur  tlie  Ihree  spccii-s  of  eicavations, 
acionling  to  the  solidity  of  the  walis 
whi'')i  it  is  destined  to  sustain. 

TliP  limbering  of  shafla  varies  In  form, 
ns  well  as  llint  of  giilierics,  according  lo 
the  nature  and  the  locality  ofthegronnd 
which  they  Irnvenio,  and  the  purpi-s«s 
whic'li  thev  are  meant  to  ser\-e.  Tiie 
Hhalls  intoiidcd  to  be  stayed  with  timber 

lliis  rorni',  In  itself  more  convenient  tbr 

limii-rinu'"  mori-  cii»y.    The  wood-work 
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half.  The  spars  are  never  placed  in  con* 
tact,  except  when  the  prcesiire  of  the 
earth  and  the  waters  ia  very  great.  Tlie 
pieces  composing  the  fhunes  are  com- 
monly united  hy  a  hftlf-check,  and  the 
longer  of  the  two  pieces  extends  oflen 
beyond  the  angles,  to  be  rested  in  the 
rock.  Whctlicr  the  shaft  is  verticol  or 
inclined,  the  frame-work  is  always  placed 
so  that  its  plane  may  be  perpenciicuiar  to 
the  axis  or  the  pit.  It  liappcns  some- 
times in  i  Dclinea  shafts  that  there  are 
only  two  sides,  or  even  a  single  one, 
which  needs  to  be  propped.  These  are 
stayed  by  meanu  of  cross  beams,  which 
rest  at  their  two  ends  in  the  rock.  When 
the  frames  do  not  touch  one  another, 
strong  planks  or  stakes  are  fastened  be- 
hind them  to  sustain  the  ground.  To 
these  planks  the  fi*ames  are  firmly  con- 
nected, so  that  they  cannot  slide.  In  this 
case  the  whole  timbering  will  be  sup- 
ported, when  the  lower  frame  is  solidly 
fixed,  or  when  the  pieces  from  above 
pass  by  its  angles  to  be  abutted  upon  the 
ground. 

In  the  large  rectangular  shafts,  wliich 
serve  at  once  for  extracting  the  ores,  for 
the  discharge  of  the  waters,  and  the  de- 
scent of  the  workmen,  the  spaces  destined 
for  these  several  purposes  are  in  general 
separated  by  partitions,  which  also  serve 
to  increase  the  strength  of  the  timber- 
ings, bv  acting  as  buttresses  to  the  planks 
in  the  long  sides  of  the  Irame-worK. 

"When  men  penetrate  by  narrow  pas- 
sages into  the  interior  of  the  earth,  tneir 
respiration,  joined  to  the  combustion  of 
candle  and  gunpowder,  are  not  long  in 
vitiating  the  air.  The  decomposition  of 
wood  contributes  to  the  same  effect,  as 
also  the  miuenU  bed  itself,  especially  in 
coal  mines,  by  the  carburet  ted  liydrogen 
and  carbonic  acid  evolved,  and  from  the 
absorption  of  oxygen  bv  pyrites.  In 
many  cases,  arseniwJ  aiuf  mercurial  va- 
pors are  disengaged.  Hence  the  necessity 
of  maintaining  in  suy)terranean  cavities  a 
continual  circulation  of  air,  which  may 
renew  the  atmosphere  round  the  njiners. 
The  whole  of  tbe  means  employ  ed  to 
produce  this  effect,  constitutes  what  is 
called  the  r^ntildtion  ofmirif^t. 

These  means  are  divided  into  natural 
and  artificial.  The  n/itural  nwann  are 
the  currents  pro<luced  by  the  <lifferenee 
of  density  between  the  air  of  mines  and 
the  external  air;  the  artijicutl  are  air- 
exhausters  or  condensers,  tires,  «fcc. 

The  teni|wratnre  of  the  air  of  the  sub- 
ternmean  workinjrs  surpasses  the  mean 
temperature  of  the  place  in  which   the 


mine  is  opened.  Henoe  it  is  lighter  in 
winter,  but  in  summer  often  heavier  than 
the  air  of  the  atmosphere.  For  this  rea- 
son,  when  the  mine  presents  two  open- 
ings at  different  levels,  the  air  naturally 
flows  out  by  the  most  elevated  in  winter, 
and  by  the  lowest  in  summer.  We  may 
take  advantage  of  this  circumstance,  to 
lead  the  air  into  the  bottom  of  even  a 
very  long  gallery,  openiujor  into  the  side 
of  the  mountain,  by  piercinff  a  shaft  into 
its  roof  at  some  aistance  from  the  en- 
trance, and  dividing  the  gallery  by  a 
horizontal  floor  into  two  parts,  which 
have  no  mutual  communication,  except 
at  the  furthest  extremity — the  upper  part 
communicating  with  the  shaft,  and  the 
under  with  the  mouth  of  the  gallery.  If 
the  two  compartmenta  have  different  di- 
mensions, the  air  in  the  smaller  sooner 
comes  into  on  equilibrium  of  temperature 
with  the  rock  ;  and  the  difference  of  tem- 
perature of  the  two  compartments  is  suf- 
ncient  to  produce  a  current.  If  a  stream- 
let of  water  flows  through  this  gallery,  it 
facilitates  the  flow  of  ttie  air  along  the 
lower  compartment.  If  a  mine  has  several 
openings  situated  on  the  same  level,  it 
rarely  happens  but  some  peculiar  circum- 
stance destroys,  during  tne  colds  of  win- 
ter and  the  heats  of  summer,  the  equili- 
brium of  the  air.  But  in  spring  and 
autumn,  when  the  external  air  is  nearly 
of  the  same  temperature  with  that  of  the 
mines,  the  above-named  causes  are  al- 
most always  too  feeble  to  excite  an  issu- 
ing current.  The  effect  is,  however,  fre- 
ouently  obtained  by  raising  over  one  of 
Uie  shafts  a  chimney  20  or  80  yards  high, 
which  alone  produces  the  effect  or  an 
opening  at  a  dift'erent  level.  It  has  been 
remarked  that  stormy  weather  usually 
deranges  every  system  of  ventilation. 

The  chain  of  the  Allesranies,  which  tra- 
verses the  United  States  of  North  Ame- 
rica from  N.W.  to  S.E.,  includes  a  oon- 
siderahle  number  of  deposits  of  iron, 
lead,  and  copper  ore? ;  along  with  some 
ores  of  silver,  plumbago,  and  ehroniite  of 
iron.  Altcmiits  have  V>een  made  to  mine 
a  great  many  of  these  deposits,  but  most 
of  these  have  been  unsuccessful,  and 
abandoned  for  a  while.  Some  have  been 
since  re-o}»ened. 

A  bed  of  hlac'k  oxyde  of  iron  occurs  in 
gneiss  near  Franconia  in  New  Hamp- 
shire. It  has  a  power  of  frrtrn  T)  to  ^  feet ; 
and  has  been  mined  throuirh  a  lenirth  of 
20O  teet,  and  to  a  depth  of  t'O  feet.  The 
same  ore  is  found  in  veins  in  Massachu- 
setts and  Vermont,  aceonipaiiied  by  cop- 
per and  iron  pyrites.     It  is  met  with  m 
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immente  qoanlitlsn  on  the  weatem  back 
of  tho  lake  ChampUin,  rorming  beds  of 
firom  1  to  20  feet  in  thickne»«,  almDat 
wilboDt  miilnre,  encsfed  in  jrraDite.  Il 
it  tiio  (buDd  in  the  mottDtnins  of  thsl 
tarritory.  Tbcne  deposits  appc»r  to  en- 
tend  mtliout  inlermpliim  from  Canndn 
to  the  neighborhood  of  New- York,  whcro 
an  explorution  on  them  may  bo  Mta  at 
CrowD  Point.  The  ore  there  eilrncted 
it  in  mneh  cateem.  Several  mincg  of  tlie 
ume  rpecica  exist  in  Kew  Jen>e}'.  The 
primitive  mountainn  which  rino  In  " 
north  ofthiaatate  near  the  Delniran 
elude  a  bed  nlmoil  vortieal  of  black  c 
of  iron,  which  linn  been  worked  to 
fbet  in  depth.    In  the  county  of  Su 

Fr»nklinlte.     At  New  Milford,  in  ■ 
nei^ticut,    a    pretty    abitndnnt    mini 
aparry  iron  occura;  the  only  one  ol 
kind  known   in  the  Allemuiics. 
United  States  conlain  >  great  nuiny 


a  of  tl 


of  Sini 


ron  and  graphite 

Coal-rneaeares  occur  lu  aeveriu  poic 
)f  the  United  States,  especially  on  t 
[J.W,  slope  of  the  AlleiraQy  monDt»ii 
limn,  Ohio,  and  Uiuoari. 

■    nd  all  the  cd 
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lena  separate  them  fyom  tha 
rnl.  Id  Uks  manner,  thongh 
1  floids  may  be  generated  IVvm 
.il.  again  perhaps  ooncentm- 
ernl»,  yet  they  are  not  in  ■ 
be  regardert  aa  minerals. 
in  of  MuhB  includes  thaic  ■■ 
iiTid  adiln  a  third  in  water. 
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Molybdennm.  6.  Bismuth.  7.  Antimo- 
ny.   8.  Melane. 

Blende  Order. — Gbnera.  1.  Glance.  8. 
Garnet.    8.  Purple.    4.  Ruby. 

He  then  makes  sulphur^  rmn^  and 
minertU  eoal  separate  orders. 

Hardness  in  minerals  is  expressed  by 
the  figures  1  to  10,  with  the  letter  H. 

1  is  as   Talc 

2  . .      Oypaum. 

8  . .  Calcareoos  Bpar. 

4  . .  Floor  Spar. 

5  . .  Apatite. 

6  . .  Feldspar. 

7  ..  Quartz. 

8  . .  Topaz. 

9  . .  Corundan. 
10  . .  Diamond. 

The  study  of  mineralogy  has  made  great 
progress  in  this  country  within  the  last 
thirty  years  :  almost  all  the  known  spe- 
cies nave  been  found  and  described  on 
this  coniincnt,  and  several  new  species 
have  been  added  to  the  list.  The  most  ap- 
proved work  on  this  science  with  its  refer- 
ence to  this  continent,  istbatofMr.Dana. 
Mineral  Wateks,  are  tliosd  waters 
which  contain  such  a  proportion  of  for- 
eign matter  as  to  rentier  them  unfit  for 
common  use,  and  give  them  a  sensible 
fluvor  and  u  specific  action  upon  the  ani- 
mal economy.  They  are  commonly  divi- 
ded into  four  classes  :  acidulous  or  car- 
bonated, saline,  chalybeate  or  ferrugin- 
ous, ana  sulphureous.  In  regard  to  tem- 
perature they  arc  divided  into  warm  and 
oold.  The  substances  found  in  mineral 
waters  are  numerous  :  the  most  freouent 
being  nitrogen,  oxygen,  sulplmr,  ana  car- 
bon, lime,  iron,  and  magnesia.  Artificial 
waters  are  now  made  to  represent  the 
natural  8j)ringa,  and  are  equally  efficacious 
as  medical  agents  :  so  that  there  are 
natural  and  artificial  mineral  waters.  The 
saline  springs  are  composed  of  salts  of 
soda  and  lime,  or  occasionally  magnesia 
replacing  the  soda  with  excess  of  carbonic 
acid,  and  oxide  of  iron.  The  chief  are 
those  of  Pynnont,  Seidlitz,  and  Epsom. 
The  ferruginous  waters  have  a  styptic 
taste,  and  are  turned  black  by  infusion  of 
nut-galls  ;  sometimes  the  iron  exists  in 
the  water  as  an  oxide  dissolved  by  car- 
bonic acid,  sometimes  as  a  sulphate,  and 
sometimes  in  both  conditions  together. 
Ruch  are  the  waters  of  Vichy,  Pontes, 
Passy,  Spa,  Cheltenham,  and  Tiin- 
bridjre  :  Iie4lfor(l,  rittsbiirgh,  Yellow 
Spring's  in  Ohio,  Virtfiiiia,  and  Pennsyl- 
vania belong  also  to  this  class.  Acidu- 
lous waters  have  an  acid  t^iste  and  extri- 
cate oarbonic  acid,  of  which  they  contain 


five  or  six  times  their  volume.  They 
contain  carbonates  and  chlorides  of  mag- 
nesia and  lime,  carbonate  and  sulphate  of 
iron  :  such  are  the  waters  of  Bath,  Bux- 
ton, Bristol,  Vichy,  Seltzer,  New  Leba- 
non, <&c.  They  are  acidulous.  The  sul- 
phuretted waters  are  easily  known  by 
their  smell  and  their  tarnishmg  silver  and 
copper  :  such  are  those  of  Harrowgate. 
Moffat,  Aix  la  Chapelle,  Saratoga  ana 
Ballston. 

MINIUM.  This  pigment  is  a  peculiar 
oxyde  of  lead,  consisting  of  two  atoms  of 
the  protoxyde  and  one  of  the  peroxyde  ; 
but,  as  found  in  commerce,  it  always  con- 
tains a  little  extra  protoxyde,  or  yellow 
massicot.  It  is  prepared'  by  calcining 
lead  upon  a  reverberatory  hearth  with  a 
slow  nrc,  and  frequent  renewal  of  the 
surface  with  a  rake,  till  it  becomes  an  ox- 
yde, taking  care  not  to  fuse  it.  The  cal- 
cined mass  is  triturated  into  a  fine  pow- 
der in  a  paint  mill,  where  it  is  emtri- 
ated  with  a  stream  of  water,  to  carry  off 
the  finely  levigated  particles,  and  to  de- 
posit them  afterwards  in  tanks.  The 
powder  thus  obtained,  being  dried^  is 
called  massicot.  It  is  converted  into 
minium,  by  bcinj^  put  in  quantities  of 
about  50  pounds  into  iron  trays,  1  foot 
square,  and  4  or  5  inches  deep.  These 
arc  piled  up  upon  the  reverberatory 
hearth,  and  exposed  during  the  nic'ht, 
for  economy  of  fuel,  to  the  residuary  neat 
of  the  furnace,  whereby  the  massicot  ab- 
sorbs more  oxygen,  and  becomes  par- 
tinlly  red  lead.  This,  after  being  stirred 
about,  ami  subjected  to  a  similar  low  cal- 
cining heat  once  and  again,  will  be  found 
to  form  a  marketable  red  lead. 

The  best  minium,  however,  called  or- 
ange niine^  is  made  by  the  slow  calcina- 
tion of  good  white  lead  (carbonate)  in 
iron  tniys.  If  the  lend  contains  either 
iron  or  copper,  it  affords  a  minium  which 
cannot  be  employed  with  advantupe  in 
the  manufacture  of  flint-gloss  for  pottery 
glazes,  or  for  house-painting. 

Dumas  found  several  samples  of  red 
lead  which  he  examined  to  consist  of  the 
chemical  sesquio.xyde,  and  the  protoxyde, 
in  proportions  varying  from  50  of  the  for- 
mer and  50  of  the  latter,  to  95-3  of  the 
former  and  4-7  of  the  latter.  The  more 
oxygen  gas  it  gives  out  when  heated,  the 
better  it  is,  gencnilly  speaking. 

MIRROR.  A  speculum  or  looking- 
glass,  or  any  other  polislied  body  capable 
of  reflecting  the  images  of  objects,  ravft 
of  liifht  from  which  full  upon  them.  Sil- 
ver IS  considered  to  be  the  most  power- 
ful reflector;  but  the  speculum  metal,  as 
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now  prepared,  is  scarcely  inferior^  if  at 
all  so,  and  in  some  cases  even  better.  In 
the  very  early  ages  of  the  world,  polished 
metallic  specula  wore  employed  as  mir- 
rors by  the  Jewish  and  Egyptian  women, 
especially  of  brass ;  but  in  modern  times, 
quicksilver  plates  of  glass  are  alone  used 
as  mirrors. 

Concave  Mirrors  are  used  to  conoentrate 
the  rays  of  the  sun  in  a  single  point,  and 
thereby  produce  intense  heat.  The  sur- 
faces formed  by  the  revolution  of  the 
ellipse,  parabola,  and  hyperbola,  are  such 
as  reflect  them  accurateW  to  one  point ; 
provided  they  emanate  from  one  point, 
are  parallel  to  one  another  (as^  the  solar 
rays),  or  would  converge  to  a  more  re- 
mote point  than  it  is  dcnirable  to  u»e. 
The  great  difficulty  of  constructing  tliese 
has  led  to  the  employment  of  splierical 
segments,  which,  though  not  accurate, 
yet,  under  proper  restrictions,  are  ap- 
proximately so. 

MISPlCkEL.    Arsenical  pyrites. 

MODEL,  in  sculpture,  figures  made 
in  wax,  terra  cotta,  or  other  plastic  nuite- 
rial,  which  the  artist  moulds  to  guide 
him  in  his  work ;  in  the  same  way  as  the 

Sainter  makes  a  sketch,  or  the  artist  a 
esign.  When  a  model  of  any  object  is 
to  be  taken,  the  object  should  first  be 
greased  so  as  to  prevent  the  j)luster  from 
sticking  to  it,  and  then  be  placed  on  a 
smooth  table  previously  oUeci  or  covered 
with  cloth ;  the  original  is  then  sur- 
rounded with  a  frame  or  raised  margin 
of  putty  or  card  at  such  a  distance  a.s  to 
allow  of  the  plaster  resting  on  tlie  tabic 
on  every  side  of  the  subject,  as  wide  as 
may  be  thought  necessary  for  the 
strength  of  the  object.  The  plaster  is 
then  poured  on  as  uniformly  as  possible 
over  the  whole  substance,  until  it  is 
every  where  covered  to  desirable  thick- 
ness. It  is  then  allowed  to  settle  till  the 
plaster  has  become  cool  and  hardened; 
the  frame  is  then  retnovcdand  the  mouhl 
inverted,  and  subject  tjiken  out  of  it: 
when  the  plaster  is  thoroughly  dry  it 
should  l)e  seasoned. 

MOHAIR.  The  hair  of  a  varict\'  of 
the  common  goat,  famous  for  being  soil 
and  fine  as  silk,  and  of  a  silverv  white- 
ness. It  is  not  produced  anywhere  but 
in  the  vicinity  of  Angora,  in  Asia  Minor. 
The  ex'portatiou  of  this  valuable  and 
beautiful  article,  unless  in  the  s1ki[h'  of 
yarn,  wius  tbnnorly  {»roliibited ;  hut  it 
may  now  be  exported  unspun.  The  prn- 
thietioii,  pi-ep:iration,  and  sale  ot  monair 
have  lon'^  en<:rossed  the  principal  atten- 
tion of  the  inhabitants  of  Angora;  and  it 


used  to  form  an  important  artide  of  Ve* 
netian  commerce.  It  la  manufactured 
into  camlets  and  other  expensive  stuffs. 
Hitherto  but  little  has  been  imported  into 
England  or  this  country. 

MOIREE  METALLtQUE,  called  also 
crystalline  tin  nlate,  is  a  primrose  appear* 
ance,  producecl  upon  the  surface  of  tin 
plate  by  exposing  it  to  the  vapor  of,  or 
washing  it  over  with,  dilute  nitromnria- 
tic  acid,  rinsing  witn  water,  and  then 
covering  with  lacker.  The  plate  treated 
in  this  way  has  a  beautiful  and  vari^pated 
appearance. 

MONOCHROMATIC  LAMP.  When 
a  solution  of  common  salt  is  added  to 
sj)irit  of  wine,  the  mixture  bums  with  a 
fiiime  in  which  yellow  predominates  al- 
most to  the  exclusion  of  the  other  colored 
rays ;  the  consequence  is,  that  objects 
viewed  by  this  light  are  all  either  yellow 
or  black,  and  deficient  in  the  tints  which 
they  exhibit  when  seen  by  solar  light,  or 
by  that  of  our  ordinary  combustibles. 

MOLYBDENUM,  is  a  rare  metal, 
which  occurs  in  nature  sometimes  as  a 
sulphuret,  sometimes  as  molybdic  add, 
ana  at  otliers  as  molybdate  of  lead.  Its 
reduction  from  the  acid  state  by  charcoal 
requires  a  very  high  heat,  and  affords 
not  very  satisfactory  results.  When  re- 
(lueed  by  passing  hydrogen  over  the  ig- 
nited acia,  it  appears  as  an  ash-gray 
powder,  susceptible  of  acquiring  metallic 
lustre  by  being  rubbed  with  a  steel  bur- 
nisher ;'  when  reduced  and  fused  with 
charcoal,  it  possesses  u  silver  white  color, 
is  very  brilhant,  hard,  brittle,  of  specific 
trravity  8-6 ;  it  melts  in  a  powerful  air- 
furnace,  oxydizes  with  heat  and  air,  bums 
at  an  intense  heat  into  molybdic  acid, 
dissolves  in  neither  dilute  sulphuric, 
muriatic,  nor  fluoric  acids,  but  in  tne  con- 
centrated sulphuric  and  nitric. 

The  protoxyde  consists  of  85*69  of  me- 
tal, and  14-81*of  oxygen  ;  the  deutoxyde 
consists  of  75  of  metal,  and  25  of  oxy- 
gen :  and  the  peroxyde.  or  molybdic  acid, 
of  G0m5  of  metal,  and  S.S-i  of  oxygen. 
Those  substances  are  too  rare  at  present 
to  he  used  in  any  maiuifacture. 

Molybdic  acid  when  united  with  ammo- 
nia, formintr  the  molybdate  of  ammonia, 
is  now  employod  as  the  most  delicate 
cheniicnl  test  for  the  presence  of  phos- 
plioric  acid.  It  is  the  most  delicate  means 
ot'  doteeting  the  presence  of  the  latter 
>nV)^tan<"c. 

MORDANT,  in  dyin?  and  calico-print- 
iuiT,  denotes  a  body  which,  having  a  two- 
told  attraction  for  organic  fibres  and 
coloring  ytarticles,  serves  as  a  bond  of 
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union  between    them,  and   thus  (E^ives 
flzity  to  dyes ;  or  it  signifies  a  substance 
which,  by  combining  with  coloring  par- 
ticles in  the  pores  of  texrile  filaments, 
renders  them  insoluble  in  hot  soapy  and 
weak  alkaline  solutions.     In  order  pro- 
perly to  appreciate  the  utility  and  the 
true' functions  of  mordants,  we  mu.^t  bear 
in  mind  that  coloring  matters  are  peculiar 
compounds  possessed  of  certain  affinities, 
their  distinctive  characters  being  not  to 
be  cither  acid  or  alkaline,  and  yet  to  be 
capable  of  combining  with  many  bodies, 
and  especially  with  salifiable  bases,  and 
of  receiving  from  each  of  them  modifica- 
tions in  their  color,  solubility,  and  alter- 
ability.      Organic   coloring'  substtinces, 
when  pure,  have  a  very  energetic  attrac- 
tion for  certain  bodies,  feeble  for  others, 
and  none  at  all  for  some.    Among  these 
immediate  products  of  animal  or  vegeta- 
ble life,  some  are  soluble  in  pure  water, 
and  others  become  so  only  through  pecu- 
liar agents.     We  may  thus  readily  con- 
ceive, that  whenever  a  dye-stuff  pos8es8e8 
a  certain  affinity  for  the  organic  fibre,  it 
will  be  able  to  become  fixed  on  it,  or  to 
dye  it  without  the  intervention  of  mor- 
dants, if  it  be  insoluble  by  itself  in  water, 
which,  in  fact,  is  the  case  with  the  color- 
ing matters  of  safflower,  annotto,  and  in- 
digo.   The  first  two  are  soluble  in  alkalis ; 
hence,  in  order  to  use  them,  they  need 
only  be  dissolved  in  a  weak  olkaline  ley, 
be  thus  applied  to  the  stuffs,  nnd  then 
have  their  tinctorial  substance   precipi- 
tated within  their  pores,  by  obstructing 
their  solvent  alkali  with  an  acid.    The 
coloring  matter,  at  the  instant  of  ceasing 
to  be  liquid,  is  in  an  extremely  divided 
state,  and  is  in  contact  with  the  ortrnnic 
fibres  for  which  it  has  a  certain  atiinity. 
It  therefore  unites  with  theai,  and,  being 
naturally  insoluble  in  water,  that  i*,  hav- 
ing no  affinity  for  this  vehicle,  the  sul>!*e- 
quent  washings  have  no  effect  upon  tlio 
aye.    The  same  thing  may  be  said  of  in- 
dijro,  although  its  solubility  in  tiie  dye- 
bath   does   not  depend    ufion   a   siniilar 
cause,  but  is  due  to  a  motlitication  of  its 
constituent  elements,  in  con8c«iuetice  of 
which    it    becomes    soluble    in    alkalis. 
Stuffs  pluneed  into  this  indigo  bath  pet 
impregnated  with  the  solution,  so  that 
when  strain  exy^osed  to  the  air,  tiio  dye- 
ing substance  resunu'S  at  onoe  its  primi- 
tive color  and  insobibility,  and  waslimtr 
can  carry  otf  only  the  portions  in  exi'c-^s 
above  the  intimate  combination,  orwhieli 
are  merely  deposited  upon  the  surface  of  , 
the  stuff.  i 

buch  is  the  result  with  insoluble  color-  ; 


ing  matters :  but  for  those  which  are  so- 
luble it  should  l>e  quite  the  reverse,  since 
they  do  not  possess  an  affinity  for  the  or- 
ganic fibres,  which  can  counterbalance 
their  affinity  for  water.  In  such  circum- 
stances, the  dyer  must  have  recourse  to 
intermediate  bi-dies,  which  add  their 
affinity  for  the  coloring  matter  to  that 
possessed  by  tho  particles  of  the  stuff, 
and  increase  by  this  two-fold  action  the 
intimacy  and  tne  stability  of  the  combi- 
nation. These  intermediate  bodies  are 
the  true  mordants. 

Mordants  are  in  general  found  among 
the  metallic  bases  or  oxydes ;  whence 
they  might  be  supposed  to  be  very  nu- 
merous, like  the  metals ;  but  as  they 
must  unite  the  two-fold  condition  of  pos- 
sessing a  strong  affinity  for  both  the 
coloring  matter  and  the  organic  fibre, 
and  as  the  insoluble  bases  are  almost  the 
only  ones  fit  to  form  insoluble  combina- 
tions, we  may  thus  perceive  that  their 
number  may  be  very  limited.  It  is  well 
known,  that  although  lime  and  magnesia, 
for  example,  have  a  considerable  affinity 
for  coloring  particles,  and  form  insoluble 
compounds  with  them,  yet  they  cannot 
be  employed  as  mordants,  because  they 
possess  no  affinity  for  the  textile  fibres. 

Experience  has  proved,  that  of  all  the 
bases,  those  whicn  succeed  be?t  os  mor- 
dants are  alumina,  tin,  and  oxyde  of  iron ; 
the  first  two  of  which,  being  naturally 
white,  are  tho  only  ones  which  can  be 
employed  for  preserving  to  the  color  its 
oriffinol  tint,  at  least  without  much  va- 
riation. But,  whenever  the  mordant  is 
itseU  colored,  it  will  cause  the  dye  to  take 
a  compound  color  (juite  different  from  its 
own.  If,  as  is  usually  said,  the  morda#t 
enters  into  a  real  chemical  union  with  the 
stuff  to  be  dyed,  tho  application  of  the 
mordant  sliould  obviousiv  be  made  in 
siK'h  circumstances  as  are  known  to  be 
most  tavorablc  to  the  combination  taking 
place  ;  and  this  is  the  principle  of  every 
day's  ]>racticc  in  the  dye-house. 

Mordant  is  also  the  name  sometimes 
trivcn  to  the  adhesive  matter  by  which 
goM-leaf  is  made  to  adhere  to  8urfnce>«  of 
wood  an<l  metal  in  gilding.  Paper, 
vellum,  tnffcty,  <fcc.,  are  easily  uilt  by  the 
aid  of  different  mordants,  such  as  the 
followinir:  1,  beer  in  which  sonu'  li«<ncy 
and  gum  arable  have  been  dissolved  ;  '2, 
\i\\\n  araliic,  sii'/nr,  and  water:  ">,  tne 
visi-id  jiiieo  of  oni<»n  ftr  bya<iiitli,  slrciiirth- 
ened  with  a  little  Lmm  arnbic.  When 
too  nnich  gum  is  (in ployed,  the  silver  or 
gold  is  a]>t  to  crack  m  the  dryiuif  of  tho 
mordant.      A  little  carmine  should    be 
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mixc^  vitli  the  ftbove  oolorliM  llqaidi, 
to  mark  the  places  where  tliey  are  ap- 
plied. The  foil  18  applied  bv  ineann  of  a 
So^ail  of  coItOQ  woof,  and  wLen  the  iiior- 

The  beat  medium  for  atiehinf  gold  and 
silver  leaf  lo  wood  is  the  following,  called 
mLdum  by  the  French  urtisis :— 1  pound 
ofamber  lata  bo  fused,  with  4  ouncea  of 
mastic  in  team,  and  1  ount-o  of  Jewish 
pitcii,  atid  the  whole  diiiaolved  in  1  pound 
oflinseeil  oil  rendered  dryinjt  by  lithsrire- 

The  above  l9  naod  by  distemper  paint- 
ers and  pipor-hHtlginv  manufacturers  for 
•ttaehin^  gold  and  ailver  leif  to  walls  or 

MUBPHIA.  To  obtain  thi*  snbatnnce 
fh>m  opium,  free  from  narcolina : — Eva- 
porate to  the  consistence  of  an 
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tnarphia:  long  ebullition  with  lulcined 
magnesia,  a  series  of  fllttiitioiia,  and 
washinipi  and  dryings,  yield  verj-  iiuro 
raoi-|iliia,  free  fWim  narcoline.  W'licn 
the  reAinouH  molter  i<  di^Holved  in  dilute 
sulpkiuric  add,  and  the  solution  dacom- 
poaed  by  polnsh,  the  Darcotino  is  prod- 
piuteil,  wliicb  is  purifled  by  a  tVeeli  k^u- 
tion  in  aulphurio  acid  and  preci]ntntiOD 
by  ammonia,  and  ^is  oAen,  after  filtni- 
tioD,  TRsliiug,  and  Te-dissolviui;  in  alco- 
hol of  O-SDS,  crystallizen.  A  ponnd  of 
o)rinm  yields,  by  this  process,  H  dn.  of 
perfectly  pure  wbita  crvstntliird  mor- 
nhin:    or  it  iiiav   be  obtained    by  fro- 


aRiliji^  sea  full,  and  si 


li  tlie  p 


may  be   seponted  In   Uot&ig   p^ar. 

Wash  with  pure  ammanla  to  deoompoae 
the  Diuriats,  dry  and  disnolre  in  alco- 
hol, and  flniilly  crvstaUiia.  The  tnariate 
and  snlphaU  are  the  two  cliiaf  prep*r»- 

MORTAK  is  a  oemenl,  mule  by  ex- 
polling,  by  fire,  the  carbonic  at^d  of  ear- 
[xiuaLe  of  lime,  or  limeatone,  uid  mixing 


joints,  and  the  leaa 
a  the  Band-mottar, 
lixed ;  is  finer,  alio. 


Mi]:.ir.    i'..r   navinc,    is   improved  by 

MUUTAB,  HYDRAULIC,  cdlod  aln> 
Bomaa  Genunt,  ia  the  bind  of  mortar 
used  for  building  pian,  or  walls  under  or 
exposed  to  water,  suoli  aa  those  of  har- 
bors, docks,  Ac.  The  poorer  aorta  of 
linicatoue  are  tiest  adspteil  for  this  pur- 
pose, such  as  eotitsin  f^m  B  to  2&  jwr 
ctiit.  of  foreign  matler.  In  silic*,  alumina, 
magnesia,  &t^  These,  though  calcined, 
do  not  slake  when  moistened;  bnt  if 
pitlveriMid  they  aheorb  water  withoat 
swelling  up  or  heating,  like /of  lime,  »jid 
afford  a  paste  which  hardens  in  a  few 
days  under  water,  but  in  the  iur  they 
never  acquire  much  solidity.  Smeaton 
llrst  discovered  the^e  remarkable  beta, 
and  [iesrribcd  them  in  17fiU. 

The  following  analyses  of  different  hy- 
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1-  I  may  bo  artiflcially  formed; 
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adding  to  lime  any  of  the  following  na- 
tive prodactioDB,  which  contain  silicates  ; 
puzzolana,  traas  or  tarrass,  pnmice-stone, 
Dasalt-tan,  elate-clay.  Puzzolana  is  a  vol- 
canic prodact,  which  forms  hills  of  con- 
aidcrable  extent  to  the  south-west  of  the 
Apennines,  in  the  district  of  Rome,  the 
Pontine  marahes,  Viterbo,  Bolsena,  and 
in  the  Neapolitan  region  of  Pazznolo, 
whence  the  name.  A  similar  volcanic 
tnfa  is  found  in  many  other  parts  of  the 
world.  According  to  Berthier,  the  Ita- 
lian puzzolana  consists  of  44*5  silica; 
15*0  uumina ;  8*3  lime  ;  4*7  magnesia ; 
1'4  potash ;  4*1  soda ;  12  oxydes  of  iron 
and  titanium ;  9'2  water;  in  100  parts. 

The  tvfa  stone,  which,  when  ground, 
forms  ira%9^  is  composed  of  57*0  silica, 
16*0  clay,  2*6  lime,  1*0  magnesia,  7*0  pot- 
ash, 1*0  soda,  5  oxides  ot  iron  and  tita- 
nium, 9*6  water.  This  tuff  is  found 
abundantly  filling  up  valleys  in  beds  of 
10  or  20  feet  deep,  in  the  north  of  Ireland, 
among  the  schiHtose  formations  upon  the 
banks  of  the  Khine,  and  at  Manheim  in 
Bavaria. 

The  fatter  the  lime,  the  less  of  it  must 
be  added  to  the  ground  puzzolana  or 
trass,  to  form  a  hydraulic  mortar ;  the 
mixture  should  be  made  extemporane- 
ouslv,  and  must  at  any  rate  be  kept  dry 
till  aoout  to  be  applied.  Sometimes  a  pro- 
portion of  common  sand  inortur  instead 
of  lime  is  mixed  with  the  trass.  When 
the  hydraulic  cement  hardens  too  soon,  as 
in  12*hour8,  it  is  apt  to  crock  ;  it  is  better 
when  it  takes  8  days  to  concrete.  Through 
the  agency  of  the  water,  silicates  of  lime, 
alumma  (magnesia),  and  oxyde  of  iron 
are  formed,  which  assume  a  stony  hard- 
ness. 

In  England  the  stones  are  calcined  in 
shoft-kilns,  or  sometimes  in  mound-kilns, 
then  ground,  sifted,  and  packed  in  casks. 
The  color  of  the  powder  is  diirk-bruwn 
red.  When  made  into  a  thick  paste  with 
water,  it  absorbs  little  of  it,  evolves  hard- 
ly any  heat,  and  soon  indurates.  It  is 
mixca  with  sharp  sniid  in  various  pro- 
portions, immeciiatelv  before  usinjrit; 
and  is  employed  in  all  marine  and  river 
embankments,  for  securing  the  seams  of 
stone  or  brick  floors  or  arches  from  tlie 
percolation  of  moisture,  and  also  for 
facing  walls  to  protect  them  from 
damp. 

The  cement  of  Ponillyis  prepared  from 
a  Jurassic  (secondary)  liTiR'>t()nc,  wliich 
contains  80  per  cent,  of  silica,  with  alu- 
mina, mui/ne.Hia,  and  iron  oxi«le.  Vicnt 
forms  a  factitious  Roman  cement  by  mak- 
ing bricks  with  a  pasty  mixture  of  4  parts 


of  chalk,  and  1  part  of  dry  day,  drying, 
burning,  and  grmding  them.  Biver  sand 
must  be  added  to  this  powder ;  and  even 
with  this  addition,  its  efficacy  is  some- 
what doubtful ;  though  it  has,  for  want 
of  a  better  substitute,  been  much  em- 
ployed  at  Paris. 

The  cement  of  Dihl  consists  of  porce- 
lain or  salt-glaze  potsherds  grouna  fine, 
and  mixed  with  boiled  linseed  oil. 

All  sorts  of  lime  are  made  hydraulic, 
in  the  humid  way,  by  mixing  slaked  lime 
with  solutions  of  common  alum  or  sul- 
phate of  alumina ;  but  the  best  method 
consista  in  employing  a  solution  of  the 
silicate  of  potash,  called  liquor  of  flints, 
or  soluble  glass,  to  mix  in  with  the  lime, 
or  lime  and  clay.  A  hvdraulic  cement 
may  also  be  made  whicn  will  serve  for 
the  manufacture  of  architectural  orna- 
ments, by  making  a  paste  of  pulverized 
chalk,  with  a  solution  of  the  silicate  of 
potasn.  The  said  liquor  of  flints  will  like- 
wise give  chalk  and  plaster  a  stony  hard- 
ness, cjy  merely  soaking  them  in  it  aft«r 
they  are  cut  or  moulded  to  a  proper  shape. 
On  exposure  to  the  air,  thev  get  progres- 
sively Indurated.  Superilciul  hardness 
may  be  readily  procured  by  washing  over 
the  surface  of  chalk,  <fec.,  with  liquor  of 
flints,  by  means  of  a  brush.  This  method 
affords  an  easy  and  elegant  method  of 
giving  a  stony  crust  to  plastered  walls  and 
ceilings  of  apartments  ;  as  also  to  statues 
and  busts,  cast  in  gypsum,  mixed  with 
chaJk. 

The  essential  constituents  of  every 
good  hydraulic  mortar,  are  caustic  lime 
and  silica ;  and  the  hardening  of  this  com- 
pound under  water  consists  mainly  in  a 
chemical  combination  of  these  two  con- 
stituents through  the  agency  of  the  water, 
producing  a  hyurated  silicate  of  lime.  But 
such  mortars  may  contain  other  bases  be- 
sides lime,  as  for  example  clay  and  mag- 
nesia, whence  double  silicates  of  great 
solidity  are  formed ;  on  which  account 
dolomite  is  a  good  ingredient  of  incso 
mortars.  But  tlie  silica  must  be  in  a  pe- 
culiar state  for  these  purj»oses ;  namely, 
capable  of  affording  a  gelatinous  paste 
with  acids  ;  and  if  not  soalreadv,  it  must 
be  brout;ht  into  this  condition,  by  c.ilcin- 
in^r  it  along  with  an  alkali  or  an  alkaJine 
earth,  at  a  bright  red  heat,  when  it  will 
dissolve,  and  ^^elatinize  in  acitls.  Quart- 
zose  suiul,  however  tine  its  powder  may 
be,  will  t'orm  no  mortar  with  lime  ;  but  if 
the  j)ow(ler  be  ii.Miitcd  with  the  lime,  it 
then  becomes  fit  for  hydraulic  work, 
(i round  lels|>aror  clay  forms  with  slaked 
lime   no  water  cement ;  but  when  they 
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ara  praTloasE]^  calcined  olan^  irith  the 
limo,  Ihe  mijTlnro  beporoea  capnblo  of 
hardoDing  aiidcr  nater. 

The  nnHtic  called  Hiimtlia'i,  and  ao 
much  emploved  in  London,  is  com[H>8ed 
of  BTonnd  Portland  Btone  (roe  atono). 
Band,  and  litlinr([0,  in  llie  proportion  of 
ta  of  the  Aral,  35  of  tlie  second,  nnd  3  ol 


tbe  tbird,  h 


will  also 


but  otiiir  pro  Dor- 
ic pnrpose.  Clialb 


uswer  the  pnrpoac 

compact  tfl  permit  the  air  to  iusinuate  be- 
tween the  pores,  aud  to  produce  the  con- 
oretjon  of  llie  linseed  oili  with  which  the 
above  mixture  ia  worked  up  and  applicJ. 
This  mastic  bood  nequires  grent  liard- 
aa,  and  is  totalljr  impcrvioun  to  wiiter. 


The  surface  to 


li  lin- 


Si 


1  oil.      Considerable  deslerity  is  re- 
red  to  make  itood  work  with  it.    The 
dust  of  sandatone  alone,  mixed  with 
I  7  per 

10  per  cent,  of  ciiiv,  coiuporta  itself  after 
cildnution,  if  all  the  carbonic  acid  be  ex- 
pelled, just  as  pure  litiicstone  would  do. 
Whea  It  is  less  HtronElv  bunuHl,  itnlTords, 
Jiowerer,  a  mass  which  hardens  prclty 
apeedily  in  water.  If  the  nrgilluceon's 
proportion  of  a  marl  amounts  to  19  or  20 

Cccnt.,  it  still  will  stake  witli  water, 
it  will  absorb  leas  of  it,  and  fbrms  a 
tolcnibly  mud  hydrenlic  mortar,  especiol- 
Ij  if  a  little  good  Komnn  cement  be  lulded 
to  it.  Wlien  the  pmporlion  of  clay  is  2S 
or  80  per  cent,  afler  bnriiin;;,  it  heats  but 
little  with  water,  nor  does  it  slake  well, 
and  must  therefore  be  ground  by  stnni- 

Srs  or  an  edge  millstoiip,  vhcn  it  is  to 
used  as  a  riiortar.  Tlii"  hind  of  mart 
yields  coniinoiilj  the  best  water  cement 
without  other  addition.  Should  Ihe 
qunnlily  of  clnr  be  iiiercased  ftirther,  as 
up  to  iU  yvT  cent.,  the  cimi]iiiimd  will  not 

oat  btliiB  spoil  ciitbr  making  hydraulic 

more  sln>i.uly  cd.-inrid,  ft  fonu^  a  vltri- 
fonn  siibstiiiice,  and  aliould,  after  bciiii; 
pnlveriu<d,  be  mixed  up  withguod  lime. 

The  MinlifiK  or  wuier'llmostonesof  the 
New- York  system  of  rocks,  fnmishca  in 
Bomc  of  Us  courses,  when  onarrlcil.  a 
vi-rj-  goiHl  UTitcr  ceiucnt.  l>ut  tlic  rtmipo- 

plnivs.      S>.inc  of  tliis  rn.'k,  t.ik'.'ii  fn»li 


■   tlSBrtlL  ARTfl. 
Bolubla  In  lontlitle  add— 


I"" 


4  of  Alamlaa  and 


lovo 

There  nae  appBrently  iu  this  stone  too 
much  ailim,  and  too  small  a  proportioa 
of  lime,  to  make  a  good  hydlaulio  stone. 

MuSAIf  tSOLD.  For  the  conipou- 
tion  ijiiliU  pecnlior  alloy  of  copper  and 
line,  imIIi'I  uIao  Or-malu,  Messrs.  Parker 
and  itiiiiiittou  obtained  B  patent  in  No- 
vcral'ir,  1^:;5.  Equal  quaotilies  of  copper 
und  ziijc  are  to  be  *^  nielled  at  the  loveal 
tem(n-tiitiire  that  copper  will  ftise,"  wbldi 
beiiLi:  stirred  toKcthor  so  as  to  produce  a 
pcrfi.vl  ndmixlurc  of  the  metals,  a  f^inher 


portloTi'of  tlu-  liin^  will  flv  off  in  vapor, 
and  tlie  result  will  be  merely  spelter  or 
liaril  solder;  but  if  the  openi'ilon  be  car- 
ried on  nt  us  low  a  beat  ns  possible,  tba 
alloy  will  assume  first  a  brassy  yellow  co- 
portions  of  zinc,  it  will  take  a  purple  or 
violet  hue,  and  wilt  ultiinatelf  become 
perfectly  white ;  which  Is  the  appearance 
of  the  proper  compound  in  its  fused  state. 
This  Biloy  may  be  poured  into  ingots; 
but  as  it  IS  lUincult  to  prcsen'e  its  char- 
acter when  Te-mclted,  it  sliould  be  cast 
directly  into  tlie  flared  moulds.  The 
patentees  doiin  tlio  exclusive  right  of 
compounding  a  metal  conaisling  ot  ttma 
6i  to  .v>  parts  of  zinc  out  of  100. 

ifiMiii'  yolil,  Ihe  aaruia  muiirHm  of  the 
old  chemists,  is  a  sulpliutet  of  tin. 

MDSAK'.  Tliure  are  several  kinds  of 
mosaic,  but  all  of  them  consist  in  imbed- 
dingr  thwinL-iitfi  of  dlfliirent  colored  sub- 
stances, usually  glass  or  stone*,  in  a  ce- 
ment, vn  as  to  prncluc*  the  effect  of  a  pic- 
ture. ThelwautifiilchapelofSalnt  Law- 
rence in  Florence,  whleh  contains  the 
tiiiiilH  riflhe  Medici,  has  been  greatly  ad- 
mired (iv  artists,  on  sifoiint  of  tlie'vait 
mnliitiide  of  pmions  mnrhlcs,  jaspsn, 
ninites,  uvunluriaes,  iiinluciiilcs,  Ac,  ap- 
plied ill  mosaic  upon  its  walls.  The  de- 
tailed discussion  of  tliis  siilyect  bcionfS 
to  a  treatise  ii[ii>n  the  fine  arta. 
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The  latent  improvement  in  Mottaic  art 
has  been  eflfectcd  bv  Mr.  Prosser,  of  Bir- 
mingham, England,  in  I84O2  who  found 
that  if  the  material  of  porcelam  (a  mixture 
of  ilint  and  fine  clay)  oe  reduced  to  a  dry 
powder,  and  in  that  subjected  to  strong 
pressure  between  steel  dyes,  the  powder 
IB  compressed  into  one  fourth  of  its  bulk, 
and  is  converted  into  a  compact  substance 
of  great  hardness  and  densitv ;  much  less 
porous,  and  much  harder  than  common 
porcelain,  uncompressed  and  baked  in 
the  furnace.  This  discovery  was  first  ap- 
plied to  the  manufacture  of  buttons  0^ 
Mr.  Prosser,  and  Mr.  Blashfield  applied  it 
to  the  formation  of  tcsseroe.  He  oDtained 
cubes  thus  formed,  and  by  the  application 
of  these  in  any  forma,  as  squares  for  ter- 
sillation,  triangles  and  hexiigons,  to  imitate 
the  opus  Alexandrinum,  polygons,  and 
rhomboids,  or  of  any  color,  ancf  by  enam- 
elling the  surface  with  the  most  brilliant 
tints  and  gold,  very  good  substitutes  for 
the  ancient  glass  mosaic  were  produced. 
Tliey  are  cemented  together  in  a  pattern 
form  on  a  table  previously,  and  when 
hard  may  be  laid  aown  on  tno  required 
spot. 

MOTHER  OF  PEARL  is  the  hard. 
silver}',  brilliant  internal  layer  of  several 
kinds  of  shells,  particularly  oysters,  which 
is  often  variegated  with  changing  purple 
and  azure  colors.  The  large  oysters  of 
the  Indian  seas  alone  secrete  this  coat  of 
sufficient  thickness  to  render  their  shells 
available  to  the  purposes  of  manufactures. 
The  genus  of  sncU-ftsh  called  Pentadijuv- 
famishes  the  finest  pearls,  as  well  us 
mother  of  pearl ;  it  is  found  in  greater 
perfection  round  the  coast  of  Ceylon,  near 
Ormus  in  the  Persian  Gulf,  at  Cape  Com- 
orin,  and  among  some  of  the  Aur^tralian 
seas.  The  brilliaiit  hues  of  mother  of 
pearl  do  not  depend  upon  the  nature  of 
the  substance,  but  upon  its  structure. 
The  microscopic  wrinkles  or  furrows 
which  run  across  tlie  surface  of  everv 
slice  act  upon  the  reflected  light  in  such 
a  way  as  to  produce  the  chromatic  eftVct ; 
for  Sir  David  Brewster  hius  shown,  that 
if  we  take,  with  very  fine  bla^k  wax,  or 
with  the  fusible  alloy  of  D'Aroct,  an  im- 

firession  of  mother  of  pearl,  it  will  possess 
he  iridcaceiit  appearance.  Mother  of 
pearl  is  very  delicate  to  work  ;  but  it  mny 
oe  foshioned  by  saws,  flies,  and  drills, 
with  the  aid  smnetiines  of  a  corrcvsive 
acid,  such  as  the  dilute  suli)huric  or  mu- 
riatic ;  and  it  is  polished  by  colcotliar  of 
▼itriol. 

MOTHER  WATER.     A  term  api'licd 
bvchemi'*ts  to  sjiMtic  ?*oIntioii!»  \\<m\  wliich 


cry'stals  have  been  deposited,  and  whioh, 
when  poured  off  and  re^ evaporated,  fur- 
nish a  second  crop.  / 

MOTION.  In  mechanical  philosophy, 
motion  is  the  change  of  place :  that  is,  of 
the  part  of  space  which  the  oody  occu- 
pies, or  in  which  it  is  extended.  Motion 
18  real  or  alsoluie  when  the  moving  body 
changes  its  place  in  absolute  space;  it  is 
relative  when  the  body  changes  its  plaoe 
onlr  with  relation  to  surrounding  bodies ; 
ana  it  is  apparent  when  the  body  changes 
its  situation  with  respect  to  other  bodies 
that  appear  to  us  to  be  at  rest.  All  the 
phenomena  of  motion  are  derived  by 
mathematical  deductions  from  the  three 
following  laws  of  motion  of  Newton : 

1.  A  body  must  continue  for  ever  in  a 
state  of  rest,  or  of  uniform  motion  in  a 
straight  line,  if  it  be  not  disturbed  by  the 
action  of  an  external  cause. 

2.  Every  change  of  motion  produced 
by  any  external  force  is  proportional  to 
the  force  impressed,  and  in  the  direction 
of  the  straight  line  in  which  the  force 
acts. 

8.  Action  and  reaction  are  equal  and  in 
contrary  directions;  that  is,  equal  and 
contrary  changes  of  motion  are  produced 
on  bodies  which  mutually  act  on  each 
other. 

MOULDINGS,  in  architecture,  are  the 
annular,  the  astragal  or  bead,  the  ogee, 
the  cuna  recta,  the  cavetto  or  hollow,  the 
ovolo,  the  sootia,  and  the  torus. 

MOULDINESS  may  l)e  retarded  by  the 
presence  of  aromatics.  It  is  a  plant  pro- 
pagated bv  seeds. 

MOUNTAIN  SOAP  is  a  tender  mine- 
ral, soft  to  the  touch,  which  assumes  a 
greasy  lustre  when  rubbed,  and  falls  to 
pieces  in  water.  It  consists  of  silica  44, 
alumina  26-5,  water  20-5,  oxide  of  iron  8, 
lime  0*5.  It  occurs  in  beds,  alternating 
Willi  diflcrcnt  sorts  of  clay,  in  the  Isle  of 
Skye,  at  Billin  in  Bohemia,  &c.  It  has 
been  often,  but  improperly,  confounded 
with  steatite. 

MUCIC  ACID  is  tlie  same  ns  the  sac- 
lactic  acid  of  Scheele,  and  may  be  obtained 
by  digesting  one  part  of  gum  arable,  su- 
ffiir  of  milk,  or  pectic  acid,  with  twice  or 
I  thricetheir  weight  of  nitric  acid.  It  forms 
white  granular  crystals,  and  has  not  been 
api»lie(l  to  anv  use  in  the  arts. 

MUCILAGES  are  gummy  solutions,  in 
water,  of  lacacia,  giun  ambio,  tra^rucinth, 
an<l  starch.  Tboy  are  also  common  ani- 
mal and  veL'ctablc  llnids. 
I  MUDAKINE.  The  root  ofthe  !nudar 
'  or  nui.lliur  phint,  the  oil^'trf^fii^  mviarii, 
ot'Iliimiltori.  l>cloiigliitr  to  the  tmiUp'uiiUcp^ 
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mil  knawa  in  the  Eaet  is  a  powerfdl 
medioine.  The  moet  rcmiirkable  pecii- 
UnritvofniHdiirina  is,  lh.it  its  poliiliility 
Id  water  diininisheB  u  Ihp  lempornlure 
iDorenflcs.  A  coocenlmted  solution, 
which  is  perfFctI;  trsnspsrcnt  and  Saia 
■t  60°,  bsB  ita  tmnHparencj  diminished, 
uicl  gelatinizes  U  a  Tittle  above  TO".  On 
being  allowed  to  cool,  the  jelly  melts,  and 
regains  ita  former  fluidity.  If  the  lem- 
porBture  be  raised  eonsiilBrably  obOTe  To", 
the  jelly  oontractd  and  eepnmtes  from  B 
liquid,  and  it  has  lost  its  power  of  resum- 
ing lu  liqoid  sut«  on  reduction  of  tem- 

'"muffle  in  the  name  of  a  sjatem  of 
double  pulleys,  moved  logetlicr  with  pa- 
rallel cords,  the  power  of  which  la  aa  the 
namber  of  cords  at  the  lower  block.  It 
is  alto  a  nonable  oven  or  fumace. 

MULBEKEY,  a  very  important  genua 
of  treen,  raorui,  allied  to  the  nettle,  and 
belonging  to  the  natural  fa 


edible. 


0  the  natural  family  t 
yields  tartaric  acid, 


ood.     Tbe  black  ai 


brnu«  tissue  is  visible;  and  thpnapcr  ape- 
clea,  of  whose  flbroua  barhclotli  la  uimlc 
in  the  South  Sea  Islands,  and  paper  in 
Japan.  It  growa  40  feet  high,  and  the 
trunk  about  2  feet  in  diameter.  It  is  nat- 
uralized now  in  Europe. 

The  quickeat  and  moat  certain  mode 
of  rasing  Ibc  mnlberry-trce  ia,  from  cut- 
ting the  old  branches.  Take  a  braneli  in 
the  month  of  Morcli.  clk'ht  or  nine  Icat 
in  tpngth,  phtnt  It  half  its  length  in  any 
good  soil,  and  it  will  produm  fruit  the 
■Jul  tho  most  approved 


folloffii 


le  ofcnltiVD 


DUntry  the  white  inulijern- 

Sonrlslies  from  the  43d  to  the  33d  lit^nvc 
oriatiludc.  The  leaves  of  the  black  mul- 
berrv  are  somctliiicii  anhititnteil  fur  Tooil 
for  ailk-«nrm«.  The  rofrat  rvhrn.  nr  red 
mnlbBrr>-,  i»n  native  of  the  rniloJ  Stales, 
"  '  ■  1  valuable  on  aocuunt  of  the  proper^ 
'—  '  -'  —  the 
t  of 

--,  -—   „  _._.ncd, 

oompud,  nnd  aolid.  It  is  emjiloved  in 
Bbip-bulliliiig  at  Rnltimoro  ami  )'hi1aili:l- 
phia,  fortho  npper  ouil  lower  ports  of  (he 
frame,  for  the  kncea  and  floor  tiinbow. 


MULI-:,  in  msDuthct 
invenUnl  by  l^'rompton 
doling  fluer  yarn,  and 


pereeded  the   jenny,      for   proditdi^ 


threads  of  t 

e  finest  kind,  a  pioccMii 
ch  is  called  Ktrciching,  and 
hat  which  is  perform^  with 

carded  cott . 

wheel.    Tl:. 

■  oarrisge,  «l"iicli   i^  i.irncd  lacfcKMiis 

and  fbrwar,: 

rcniis  are  lo  be  atreleben. 

when  the  I 

aodretumiii 

up.    The  i: 
nmg  is  euii 

n  produced  by  mu!c-»pin- 

the  finest  ar 

i-U»,  and  tbreads  have  been 

»iiK<h  lliii'uesB,  that  a  pound 

SrcononC 

hccricMetidedtoSOObwiki., 

"''MOLLEi: 

=.  il>-  (i.™o  of  »  atone  for 

griQdingc.' 

-,  .i-.i..llytlHt,  and  worked 

Tbe 


auUe 


MULTUM  (for  brcKfTi,  intltad  ofmaU 
andhopt).  To  each  quart  of  extract  of 
quasaia  add  40  ai.  of  liquonce  root. 

MUNDIC.  A  name  given  to  copper 
pjrit«s.  It  was  coroporatively  naeleaa 
until  lately,  when  it  was  introduced  into 
the  manu&cture  of  aoda-aeh,  from  • 
knowledge  of  the  fact  of  ita  ready  conver- 
sion, by  heat  and  an  alkali,  into  a  sulphate 
of  the  alkali  and  peroxide  of  iron.  The 
Bolpharic  acid  bemg  thus  produced  by 
the  oxygen  of  the  air  alone,  aulphur  ores, 
hitherto  valuelcas.  are  tliua  rendered 
more  valuable.  Since  the  introduction 
orthieprocena,  chlorine  has  been  obtain- 
ed by  causing  the  oxygen  of  the  air  to  act 
on  the  chloride  of  iron,  osidisingthe  iron 
and  Bvttiug  the  chlorine  Tree.  The  coft 
of  ni^Uiins  soda  is  reduced  by  this  pro- 
ceas,  anit  thus  soap,  aoda,  and  glas!>,  can 
be  bad  on  cheaiier  terms.  It  con^i'M  of 
copper  30,  aulphur  ST,  iron  SS,  in  liW  parte 

MUKIACITK  AnaiihvdrouBsulpliais 
of  lime,  cnntnlnlng  a  little  cotonion  sail. 

MUKIATIC  ACID,  or  Hvi.Ho. 
cnujRio  Acid.  Thia  acid  wa«  oriirinally 
diacovercd  by  Glauber,  and  called  by  him 
Kplril  nftalt.  In  its  pure  or  ganeouB  form 
It  waa  firnt  obtained  In- I'rieslley  in  1744; 
and  its  true  roinposlttnn  waR  nliown  by 
Davy  in  \>^<9.  whojirovnl  it  lobe  a  com- 
pmi'id  of  liydnnren  and  clilorina;  bcnrt 
it    bos  been  termed    hnilnrhhtic   a-'id. 


conivnt  rated    aulphur 


MUS] 
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add.  The  water  of  the  acid  is  decom- 
posed, and  its  hvdroffen  combiDes  with 
the  chlorine  of  tne  SiUt  to  form  mariatic 
add ;  while  the  oxygen  is  transferred  to 
the  sodianif  which  is  thus  converted  into 
■oda,  and  this  nnites  to  the  sulphuric 
add  to  form  sulphate  of  soda.  60  parts 
of  common  saltj  and  49  parts  of  concen- 
trated Bulphunc  add,  affbrd,  by  this 
mutual  action,  87  parts  of  muriatic  acid, 
and  72  of  sulphate  of  soda.  Muriatic 
add  gas  may  also  be  formed  by  passing 
an  electric  spark  through  a  mixture  of 
equal  volumes  of  chlorine  and  hydrogen ; 
or  by  exposing  such  mixture  to  the  sun^s 
rays,  or  inflaming  them  by  a  taper,  they 
burn  with  explosion,  and  form  a  volume 
of  muriatic  acid  equal  to  the  united  vol- 
nmesof  the  gases.  As  the  specific  grsr 
vity  of  hydrogen  is  to  that  of  chlorine  as 
1  to  86,  tne  specific  gravity  of  tlie  result- 
ing muriatic  acid  gas  compared  with  hy- 
drogen will  be  18-5,  and  100  cubic  inches 
of  it  will  weigh  89*8  grains.  Muriatic  acid 
gas  is  rendered  liquid  under  a  pressure 
of  40  atmospheres  of  the  tempemture  of 
60^  ;  it  extinguishes  flame,  ana  is  intense- 
ly sour,  powerfully  reddening  vegetable 
blues.  Water  absorbs  it  witii  much  vio- 
lence, taking  up  about  480  times  its  vol- 
ume. This  is  tne  state  in  which  muriatic 
add  is  generally  used.  Its  specific  gravity 
is  about  1*19,  and  it  is  cominonlv  obtain- 
ed by  distilling  a  mixture  of  equal  weights 
of  saJt,  sulphuric  acid,  and  water.  When 
muriatic  add  acts  upon  metallic  oxides, 
it  generally  happens  that  a  mutual  de- 
composition of  tne  oxide  and  acid  ensues ; 
the  oxygen  of  the  oxide  unites  to  the 
hydrogen  of  the  acid  to  form  water,  and 
the  metal  to  the  chlorine  to  form  a  metal- 
lic chloride.  Thus  it  is  tiiat  Hoda  and 
muriatic  acid  form  a  chloride  of  sodium 
or  common  salt.  The  most  eHVetive  test  of 
the  presence  of  muriatic  acid  is  nitr.ite  of 
silver,  which  forms  an  insohihlc  chloride 
of  silver  In  all  solutions  conluiniiig  muri- 
atic acid  or  muriates. 

The  muriatic  acid  of  commerce  hjw 
usually  a  yellowiah  tincre,  but  when 
chemicallv  pure  it  is  colorless.  It  fumes 
strongly  in  the  air,  emitting  a  corrosive 
voDor  of  a  peculiar  smell.  The  straw 
color  is  due  to  tlie  presence  of  chloritie 
of  iron,  obtained  from  the  vessel  in  which 
it  was  made.  It  may  be  freed  tVom  this 
by  distillation. 

The  preparation  of  this  acid  upon  a 
great  scale  is  frequently  oflfocted  in  this 
country  by  acting  upon  sea-sjilt  in  hem- 
ispherical iron  pots,  or  in  cast-iron  cv- 
linders,  with  concentrated  sulphuric  acid ; 
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taking  6  parts  of  the  salt  to  0  of  the  add. 
The  mouth  of  the  pot  may  be  coyered 
with  a  slab  of  silidons  A^estone,  perfo- 
rated with  two  holes  of  about  two  inches 
diameter  eaoh,  into  the  one  of  whic^  the 
add  is  poured  by  a  ftinnd  in  aaooessive 
portions,  and  into  the  other,  a  bent  glass, 
or  stone-ware  tube,  is  fixed,  for  couduct- 
ing  the  disengaged  muriatic  gas  into  a 
series  of  large  globes  of  bottle  «ass,  one- 
third  filled  with  water,  and  hiiaon  a  slop- 
ing sand-bed.  A  week  is  commonly  em- 
ployed for  working  ofiT  eaoh  pot ;  no  heat 
oeing  applied  to  it  till  the  second  day. 

Liquia  muriatic  add  has  a  very  B</ur 
corrosive  taste,  a  pungent  sufiTocatrng 
smell,  and  acts  very  powerfully  upon  a 
vast  number  of  mineral,  vegetable,  and 
animal  substances.  It  is  much  employed 
for  making  many  metallic  solutions  ^  and 
in  combination  with  nitric  acid,  it  terms 
the  aqua  regia  of  the  alchemists,  so  called 
from  its  property  of  dissolving  gold. 

MUSK  is  a  peculiar  aromatic  substance, 
found  in  a  sac  between  the  navel  and  the 
parts  of  generation  of  a  small  male  quad- 
ruped of  the  deer  kind,  called  by  Lin- 
naeus, Moschus  moschiferus,  which  in- 
habits Tonouin  and  Thibet.  The  color 
of  musk  is  blackish-brown;  it  is  lumpy 
or  granular,  somewhat  like  dried  blood,, 
witli  which  substance,  indeed,  it  is  often 
adulterated.  The  intensity  of  its  smell 
is  almost  the  only  criterion  of  its  genuine- 
ness. When  thoroughly  dried  it  oecomes 
nearly  scentless ;  but  it  recovers  its  odor 
when  slightly  moistened  with  water  of 
ammonia.  The  Tonquin  musk  is  most 
esteemed.  It  comes  to  us  in  small  bags 
covered  with  a  reddish-brown  hair;  the 
bag  of  the  Thibet  musk  is  covered  with  a 
silver-gray  hair.  All  the  analyses  of  musk 
hitherto  made  teach  little  or  nothing  con- 
cerning; its  active  or  essential  constituent. 
It  is  used  in  medicines,  and  is  an  ingre- 
dient in  a  great  many  perfumes. 

MrsK  (urtljici'il),  is  made  of  rectified 
oil  of  amber  one  part,  nitric  acid  four 
parts,  and  digested.  Black  matter  is  de- 
posited, to  he  well  washed  in  water,  and 
it  smells  similar  to  musk  or  ambergris, 
and  may  he  uf  ed  for  them. 

Mutk  Btdiis.  Mix  in  simple  syrup  15 
grains  of  musk  with  T)  grains  of  campnor. 
6>r,  with  conserve  of  roses,  half  a  scruple 
of  musk  and  of  sal  ammoniac. 

MUSKETS  are  bored,  on  the  principle 
of  turning,  from  a  square  lensrth  of  iron, 
welded  on  a  mandrel  by  heat  into  cylin- 
ders. In  formiiiir  the  spirals  of  rifle  barrels, 
the  borer  is  conducted  by  a  matrix  or  fe- 
male screw,  which  revolves  in  2  feet,  and 


the  borer  a  fixed  to  b  tnilc  Bcmv.  TIib 
ipiml  tliraedi  in  iibiirrel  nre  Tram  8  to  19. 
Cutyioa  are  oast  as  cylinJerB,  and  then 
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wheelB  towardB  tlie  solid  cvliuder. 

MUSLIN,  a  fine  colW.n  fabrio,  mcd  in 
ladiaa"  dress.  It  ia  uianufaolurod  cither 
wlille,  dyed,  or  prluted.  it  is  also  ein- 
plovfd  in  artiHcial  flower  makiiig. 

iUST.  Tiie  Bxpraawd  juifO  of  tlio 
(Tape  before  its  BouversioQ  into  wiua  by 

MllSTABD.  The  aeed  of  tile  Sim-pit 
alia  and  nigra,  ground  iaia  ponder,  and 
freed  IVom  tlie  haska;  it  »  tlie  well- 
knoim  coudimonC  of  the  shops,  or  ut 
leust  a  part  of  it ;  fur,  in  order  to  reduce 
Uie  strenfftli  of  the  pure  mustard,  there 
i>  grener^ly  a  cotiBiilcrablo  qunotily  of 
wheaton  flour  added.  Brown  niualard 
•hould  be  the  flour  of  Sinajrit  (twjro  c.i' 
ctusively,  wliich  ia  much  more  piinffeiit 
than  the  otJipr.  A  Jea»ert  ii|ioaiilQ  uf 
eouRioty  povtiered  muatard-Hced,  takou 
iu  a  tc'aaa  of  water,  ^ucnilly  operates  lU^ 
an  enictie;  It  ia  nltio  aperielil.  A  mus- 
tard gioullicc,  or  tirupitm,  ix  soiiieliuies  n 
nMfbl  stimnlaul. 

Pattat  Hiulard.  lu  15  cnllnns  of  water 
boil  10  Ibi.  of  salt,  and  13  lb«.  of  black 
'  1,  and  to  rach  sulloti  add  5 
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■     ■      ■      -        ■      -     r.ch 


powden>d.    Thi«  is  thu  fiivo 


MYRICINE. 


B   D&FDL 

ARTS. 

[hai 

bnah 

'^h« 

e  has  B 

m 

''"andlLC; 

jerry 

of  the  PiM  of 

th 

popj*r-grain  W 

E:,„ 

■    .^^li^; 

.ji.'i^ 'Jiid 

ed  U 

Hi 

i  in  water.    Tha 

ared  f"r 

Cl:„; 

■;,':. 

'^Z'J'J 

.d 

light,  by  proper 
tu  imponaul  arti- 

'Si'  .' 

niado  of  it,  cmiu 

M  - 

:!' 

o»t  delieiouB  and 

icbt  ia  while  and 

m  ' 

^t  wai-.-»odlc5. 

V  made  by  liuiH 

bj'^.i 

n. 

'also  by  macbinr- 

*!<   • 

d  by  L- 

h,  tlie  fiwlitv  of 

Whi:' 

I'.f 

k-reat,  t 
2  H-orkn 

1 

tlie  daily  pnjlurt 
A  naiUmith,  in 
k  IP  mnke  17,00(' 

In  ad  liiion 

to  tl]i»  he 

hod  to  8iTO  from 

Hire 

e  blasts  w 

h  hi*  beilowa  for 

nail, 

and  had 

0  move  from  (he 

flro-pl 

war<i«of4 

a.636  limes. 

rout 

Britain  the 

majority  of  nail* 

are  ha  id-made  :  in  (hi 

countn-  thev  trr 

alinos 

nllogethvr  mnoh 

no-mtd^e.    In  the 

time 

inaohine  1 

of  wronjrht  nulls. 

Cron 

-tliir.1  tlie  cost 

■hil 

ey  are  an  no 

Th 

iron,  al\e 

rbeinarolle'dinlo 

lit  into  roils,  is  flattened  lo 

«  of  the 

future  nail  hv  a 

nc.    Thee 

nd  of  the  jJale  is 

wd  to  the 

iiail-maehinc.  hy 
heplutcoveronni 

ul  cits  off  at  every 

d  picre   of  ir..n. 

,M.I  ,>,- 

out  a  head.    This 

',1  ' 

',.    .'-"ai 

*t"™nu-rii«iTat 

11"  forve  is  apiiliert 

IV.  wlm>hiprcml« 

,.■11    M 

'.'.nn  tlie  bead  lo 

Irl-.n  ' 

■111  t 

"(■■^o"  m'lw 

nis  hriltte,  nnleu 

]].■>  l-cm 

eilcdintomallea- 

iible  i 

i'-'r!' 

ilie  rcqui 

le  process. 
f,.llowme  intere*- 

kak] 


CYCLOPEDIA  OF  THE  USEFUL  ARIS. 


S87 


Ing  qaotation  fVom  a  report  of  the  Sec- 
retary of  State  for  Mnsaachusetra  : 

""to  northern  carpenters,  it  is  well 
known  that  in  almost  all  instances  it  is 
nnnecci'jiary  to  bore  a  hole  before  driving 
A  cut  nail ;  all  that  is  requisite  is,  to  place 
the  cutting  edge  of  the  nail  across  the 
gniin  of  the  wood  ;  it  is  also  true,  thnt 
cut  nails  will  hold  better  in  the  wood. 
These  qualities  are,  in  some  rough  build- 
ing works,  worth  twenty jp^t  cent,  of  the 
value  of  the  article,  which  is  e(^ual  to  the 
whole  expense  of  manufacturing.  For 
eheathing  and  drawing,  cut  nails  are  full 
as  good  a«  wrought  nails  ;  only  in  one 
respect  are  the  best  wrought  nails  a  little 
superior  to  cut  nails,  and  that  is  where  it  is 
necessary  they  should  be  clinched.  The 
mainifacture  of  cut  nails  was  born  in  our 
country,  and  has  advanced,  within  its 
bosom,  through  all  the  various  stages  of 
infnncy  to  manhood  ;  and  no  douot  we 
shall  soon  be  able,  by  receiving  proper 
encouragement,  to  render  them  superior 
to  wrought  nails  in  every  particular. 

"  The  principal  business  of  rolling  and 
slitting-mills,  is  rolling  nail  plates  ;  they 
also  serve  to  make  nail  rods,  noops,  tires, 
sheet  iron,  and  sflieet  copper.  In  tliis 
State  we  have  not  less  than  twelve. 

"  These  mills  could  roll  and  slit  7000 
tons  ot  iron  a  year  ;  they  now,  it  is  pre- 
sumed, roll  and  slit  eachyear  about  3500 
tons,  2400  tons  of  which,  probably,  are 
cut  up  into  nails  and  brads,  of  such  a 
quality  that  they  are  good  substitutes  for 
hammered  nails,  and,  in  fact,  have  the 

f)reference  with  most  people,  for  the  fol- 
owing  reasons ;  viz.,  on  account  of  the 
sharp  comer  and  true  tjiper  wth  which  cut 
nails  are  formed  :  thev  may  be  driven 
into  harder  wood  without  bending  or 
breaking,  or  hazard  of  splitting  the  wood, 
by  which  the  labor  of  boring  is  saved, 
the  nail  one  way  being  the  same  breadth 
or  thickness  from  head  to  point." 

NANKEEN  is  a  cotton  cloth  of  a  beau- 
tiful color,  which  derives  its  name  from 
Nankin,  in  China,  from  which  place  it 
was  first  brought  to  Europe.  The  n^anu- 
factured  nankeen  is  now  exported  largely 
to  China.  Many  suppose  that  true  nan- 
keen is  artificially  colored,  but  this  is  not 
so;  itscoloris  thatof  the  natural  cotton — 
a  peculiar  kind,  some  of  which  has  been 
fuoccssfully  cultivated  in  Georgia.  The 
color  of  nankeen  may  be  imitated  in  the 
most  perfect  manner,  and  in  every  case 
of  linen  drill  of  this  color,  may  be  set 
down  as  an  artificial  production.* 

To  produce  light  nankeen  shades,  the 
cotton  cloth  should    be    first    bleached 


white.  This  can  be  done  by  having  some 
of  the  cliloride  of  Hme  dis.«»olved  in  cold 
water  in  a  tub,  using  the  dear  hot,  »nd 
handling  the  cloth  in  it  till  it  is  white, 
then  handling  it  in  a  clean  water,  made 
sour  to  tlie  taste,  in  a  tub,  by  vitrol,  and 
afterwards  washing  it  well.  It  is  then  fit 
to  be  dyed  :  to  do  this,  dissolve  one 
pound  of  copperas  in  half  a  gallon  of 
water,  and  dissolve  two  pounds  of  quick 
lime  in  10  gallons  of  water  ;  then  let  ooth 
solutions  settle.  Pour  off  five  gallons  of 
the  clear  lime  water  into  a  tub  of  clean  cold 
water,  sufficient  to  cover  the  cloth,  and 
allow  it  to  be  Imndled  by  the  selvedge  free- 
ly. Tlien  into  another  tub  of  cold  water, 
about  the  same  size  as  the  lime  water  tub. 
put  in  one  quarter  of  the  clear  dissolvea 
copperas  ;  one  ounce  of  the  nitrate  of 
leati  may  be  dissolved  with  the  copperas  ; 
handle  the  cloth  well  for  five  or  ten  min- 
utes in  the  lime,  giving  it  three  selvederes 
from  end  to  end,  and  afterwards  wring 
and  shake  it.  It  is  now  to  be  handled 
the  sanjc  way  in  the  copperas  solution, 
then  wrung  and  aired  for  ten  minutes. 
It  is  then  to  be  put  through  the  lime  and 
copperas  in  the  same  manner,  adding 
enough  of  the  strong  lime  and  copperas 
to  make  three  successive  dips^  airing 
well  out  of  the  copperas  every  time.  It 
is  then  put  through,  last,  a  clean  tub  of 

I  lime  water,  which  can  be  made  by  put- 
ting more  clean  water  among  the  two  lbs. 
of  lime,  letting  it  settle  and  using  the 
clear,  it  is  then  well  washed  in  water, 
then  in  a  strong  solution  of  soap,  ana 
afterwards  well  washed,  then  dried.  This 
will  also  dye  unbleached  cotton  cloth, 
which  will  be  somewhat  darker  in  the 
color.  The  quantities  of  lime  and  cop- 
peras given,  will  dye  80  yards  of  com- 
mon cloth.  Light  and  dark  shades  are 
produced  by  the  Quantity  of  lime  and 
copperas  used,  ana  the  number  of  dips 
given.  The  eye  will  judge  the  depth  of 
color  desired.  Unbleached  cotton  cloth 
should  be  boiled  for  about  one  hour  in 
lime  water,  then  washed  well  before  it  is 

j  dyed. 

I      Bleached  goods  sold  in  stores  are  diffi- 

I  cult  to  color  level — thev  always  spot, 
owing  to  some  chloride  otMime  not  being 
thoroughly  washed  out  of  them.  The 
only  remedy  for  this  is  to  steep  the  cloth 
all  night  in  warm  water,  then  boil  it  in 
lime  water,  and  wash  it  well  before  it  is 
dyed  ("and  it  would  be  all  the  better  to  be 
quickly  handled  in  hot  water,  nmde  sour 
Willi  vitriol,  and  then  well  washed;.  This 
color  waslies  well  in  stronir  s'^ap  suds, 
but  it  spots   brown   and   black,  if  tea, 
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coffee,  or  an;^  solution  contuning  galio 
•dd,  gets  on  it. 

Mad<Ur  Nanluen,  This  is  the  best 
nankeea  color,  as  it  will  wash  beaati- 
fUUy  in  soap,  and  not  to  be  affected  with 
weak  adds. 

Take  the  cotton  doth  (nnbleached)  and 
boil  it  well  in  strong  lime  water  for  foar 
or  five  hours,  until  dl  the  naturd  oil 
which  is  oontdnod  in  the  fibres  of  the 
cotton  is  removed — this  is  e^entid  to 
produce  a  good  nankeen.  If  any  of  the 
oleaginous  matter  is  ieftj  the  color  will 
be  too  reddish,  approach mg  to  a  salmon 
color.  After  the  cotton  is  well  boiled,  it 
must  be  well  washed,  and  then  handled 
in  a  copper  or  tin  kettle,  kept  near  a 
Bedding  heat  for  one  hour.  In  the  kettle 
should  be  plenty  of  water,  to  dlow  f^ee 
handling,  and  there  should  be  four  ounces 
of  dum  dissolved  in  it  for  every  pound 
weight  of  the  cotton.  The  goods  after 
this  are  washed  well,  and  then  put  into  a 
kettle  containinflT  clean  water,  and  four 
ounces  of  madder  to  every  pound.  It 
should  be  kept  at  a  sodding  heat  for 
nearly  one  hour,  when  a  beautiful  nan- 
keen color  will  be  the  result.  The  color 
is  made  deeper  in  the  shade  by  using 
more  stuff.  It  is  washed  out  of  tne  mad- 
der and  is  dried.  If  the  cotton  cloth  was 
bleached  it  would  make  a  still  more 
beautiful  color.  By  putting  a  little  of 
yellow  oak  bark  among  the  madder,  it 
will  make  the  color  verge  more  upon  the 
yellow  shade. 

Another  way  to  dve  nankeen  is  to  boil 
annatto  amonis:  pearlosh  (one  ounce  will 
color  five  pounds),  and  then  mix  it  with 
hot  water  in  a  clean  vessel,  and  handle 
the  goods  in  it  for  fifteen  or  twenty  min- 
utea.  This  color  is  beautiful,  but  fugi- 
tive ;  it  fades  with  the  sun  and  can  be 
boiled  out  with  soap.  It  is  of  this  color- 
ed stuff  that  so  many  yellow  faded  and 
spotted  piintdoons  are  made. 

In  many  cases,  the  ordinary  mode  of 
making  nun  keen  varies  from  tne  forcgo- 
intr  processes,  and  consists  in  a  series  of 
operations,  nearly  as  follows  : 

The  clean  cotton  yarn  is  saturated  in  a 
solution  of  alum  till  it  will  soak  in  no 
more  of  that  mordant.  It  is  then  galUd^ 
by  dipping  it  in  a  strong  bath  of  oak 
bark ;  then  washed  throuarh  a  bath  of 
cream  of  lime  or  weak  soda  lye,  until  the 
desired  shade  appears.  The  hanks  are 
then  rinsed,  squeezed,  and  aired,  and 
passed  through  a  bath  of  chloride  of  tin, 
to  hrisrhton  no  tlio  color. 

NA1'LE!>  YELLOW  is  a  fine  yellow 
pigment,  called  giaUolino^  in  Italy,  Vhero 


it  has  been  long  prenored  by  a  aaoral 
process;  for  few  of  tne  redpos  whidi 
nave  been  published  produce  a  good 
color.  It  is  emplo^od  not  only  in  oil* 
painting,  but  also  n>r  porcelain  and  en- 
amel. It  has  a  fresh,  brilliant,  rich  hae, 
but  is  apt  to  be  very  auequd  in  different 
samplea. 

The  following  prescription  has  been 
confidently  recommeudea.  Twelve  parts 
of  metallic  antimony  are  to  be  cdcinod  in 
a  reverberatory  furnace,  dong  with  ei^ht 
parts  of  red  lead,  and  four  parts  of  oxide 
of  zinc.  These  mixed  oxides,  being  well 
rubbed  together,  are  to  be  Aised  ;  and  the 
fused  mass  is  to  be  triturated  and  dntri- 
ated  into  a  fine  powder.  Chromate  of 
lead  has  in  a  great  measure  superseded 
Naples  yellow.  A  native  paint  is  made 
f^om  a  species  of  lava. 

NAPHTHA,  the  most  fluid  bitumen, 
is  nearly  colorless,  but  of  a  ydlowish 
tinge,  transparent,  and  emits  a  peculiar 
odor.  It  swims  on  water,  its  spectfio 
gravity  being  from  0*71  to  0*84.  It  oams 
with  a  bluish- white  flame  and  thick 
smoke,  and  leaves  no  rmidue.  It  con- 
sists of  carbon,  82*2,  and  hydrogen,  14*8; 
being  the  only  fluid  destitute  of  oxygen. 
It  is  found  in  Persia,  in  the  peninauhi  of 
Apcheron,  upon  the  western  shore  of  the 
Caspian  Sea,  where  it  rises  throngii  a 
many  soil  in  the  form  of  vapor,  and,  be> 
ing  made  to  fiow  through  earthen  tubes, 
is  infiamed  for  the  purpose  of  assisting 
in  the  preparation  of  food.  It  is  oollected 
by  sinkintr  pits  severd  yards  in  depdi, 
into  which  the  naphtha  fiows.  It  is 
burned  in  lamps,  by  the  Persians,  insiead 
of  oil.  Near  the  village  of  AmianOj  in 
the  state  of  Parma,  there  exists  a  spring, 
which  yields  this  substance  in  sumdent 
ouantity  to  illuminate  the  citv  of  Qcnoa, 
for  which  purpose  it  is  employed.  In  a 
coal  mine  near  Manchester,  England, 
there  is  a  spring  of  Naphtha,  welling  up 
between  the  seams,  and  which  yields  150 
gallons  a  day. 

On  the  sur&ce  of  Seneca  Lake,  New- 
York,  a  large  quantity  of  naphtha,  or 
"  rock  oil,"  floats  at  particular  periods  of 
the  year.  This  Seneca  rock  oil  is  de- 
rived from  the  bitumen  escaping  out  of 
the  shales  which  are  very  carbonaceous 
in  the  middle  counties  of  western  New- 
York.  The  shale  beds  dip  south  and  a 
little  west  under  the  waters  of  the  luke, 
and  where  the  opening  of  the  seams 
Tnoets  the  water  at  the  bottom  of  the  lake 
the  bitumen  oozes  out,  and  rises  to  the 
surface.  There  are  many  other  locditjes 
oil  this  continent,  where  native  naphtha 
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or  Mtamen  is  fonod.  It  is  ibnnd  aband- 
antly  in  Kentuokv.  Any  highly  tbsaili- 
ferous  Bhale,  which  is  durk  colored  iVom 
the  large  quantity  of  veget«ible  matter 
contained  in  it^  and  which  also  contains 
pyrites  disseminated  throughout,  gene- 
rally affords  naphtha.  Native  naphtha 
boils  at  201°  F. 

ArUJicial  Naphtha  is  obtained  by  the 
distillation  of  the  crude  coal-tar,  one  of 
the  residues  of  the  manufacture  of  coal- 
gas.  It  has  a  specific  gravity  of  '857,  and 
consists  of  carboti,  88*04:  hydrogen, 
12*81 ;  oxj^gen,  4'85.  Dr.  Ure  gives  the 
boiling  point  as  816^ ;  but  this  must  have 
been  a  very  impure  naphtha.  The  chief 
and  valuable  agent  in  coal  naphtha  is 
Benzole  (which  see),  which  is  obtained 
by  distilling  the  coal-oil  at  a  temperature 
not  exceeding  185^.  Cool  naphtha  is  a 
Taluable  solvent  for  many  solid  hydro- 
oarbona,  as  gutta  percha  and  caoutchouc 
and  when  pure  contains  no  oxygen.  On 
this  latter  account  it  is  the  only  Bubstanoe 
suitable  for  preserving  potassium  and 
the  other  easily  oxidized  metals. 

NAPHTHALIZED  GAS.  Mr.  Lowe, 
of  England,  has  patented  a  plan  for  pro- 
ducing illuminating  giis,  and  increasing 
the  power  of  oou-iras  by  passing  it 
through  naphtha.  He  charges  the  gns- 
meter  with  naphtha  instead  of  water,  and 
the  gas,  bubbling  through  it,  becomes 
charged  with  the  vapor  of  this  hydro- 
carbon. This  is  the  simplest  way,  but 
gas  oomponied  objecting,  a  separate  vessel 
was  attached,  filled  with  pieces  of 
sponges,  charged  with  naphtna.  This 
plan  was  found  to  act  equally  well.  Gas 
produces  80  to  50  per  cent,  more  light 
when  naphthalized  than  when  not,  and 
on  this  account  there  is  a  saving  of  20 
per  cent,  in  gas.  It  is  also  more  favor- 
able to  the  human  countenance,  ond  to 
the  distinguishing  of  colors.  An  inferior 
gas  can  thus  be  made  equal  to  a  superior 
one ;  and  hydrogen  passed  through 
naphtha  is  highly  luminous.  Carbonic 
oxide,  and  even  carbonic  acid,  can  bo 
made  to  bum  when  naphthalized,  and 
common  air  bums  with  a  bright  flame 
when  ftilly  charged  with  naphtha  vapor. 

NAPHTHALINE  is  a  white  cr>'stal- 
liue  solid,  obtained  during  the  rectifica- 
tion of  coal-tar  incrustmg  the  pipes.  It 
is  alrto  obtained  in  the  purincation  of 
naphtha  (Benzole)  fh>m  ooal-oil.  It  has 
a  pungent  aromatic  smell,  and  a  specific 
gravity,  1048.  It  is  a  hvdro-carbon,  con- 
taining carbon  94,  an^  hydrogen  6,  in 
100  parts.  It  is  one  of  the  most  highly 
carbonized  products. 


NABOOTINE,  one  of  the  oonstitneiKs 
of  opium,  tVom  which  it  muy  be  obtain- 
ed by  tlie  following  process : — Evuporate 
opium ;  dry  ;  add  muriatic  acid,  or  pyro- 
ligneous  acid,  at  4^  or  5^  ;  press  out  the 
liquor,  add  ammonia,  wash  the  precipi- 
tate with  boiling  alcohol,  at  86^,  oool, 
and  the  narcotine  will  separate,  and  is 
purified  hy  bone  blaok. 

NATRON,  an  impure  carbonate  of 
soda,  ori(|[inally  brought  fVom  Egypt.  Near 
Fozzan,  in  New  Africa^  it  is  found,  and 
is  called  Tnma,  It  is  also  found  in 
Siberia,  Tartary,  Hindontan,  and  Mexico. 
In  that  republic  there  are  several  natron 
lakes,  to  the  north  of  Zacatecas,  as  well 
as  in  other  localities.  In  Columbia,  48 
mile!«  fVom  Merida,  it  •«  dug  up  in  larga 
quantity  from  the  bottc^m  of  the  lakes. 

NAVIGATION  </  the  UniUd  StaU$, 
The  Annual  Kepcrt  on  the  Commerce 
and  Navigation  of  the  United  States,  by 
Senator  Corwin,  presents  some  very  in- 
teresting information  relative  to  the  rapid 
increase  of  our  internal  commerce  espe- 
cially. In  1816  the  tonnage  of  foreign 
shipping  WHS  854,254  tons;  of  inland 
navigation  tonnage,  518,818  tons.  In 
1850  the  foreign  tonnage  had  arisen  to 
1,585,711  tons,  and  the  inland  tonnnge  to 
1,949,748.  In  1815  the  foreign  tonnage 
exceeded  the  inland  60  per  cent.  Now, 
the  inland  exceeds  the  foreign  25  per 
cent.  The  '*  registered  tonnage ''  has 
increased  700,000  tons;  but  the  **  enroll- 
ed and  licensed  "  hns  increosed  1,400,000 
tons.  The  whole  increase  from  1820  to 
1850  (a  period  of  thirty  years),  is  175  per 
cent.  Now  the  growth  of  population  in 
that  period  is  180  per  cent.,  proving  the 
growth  of  commerce  and  navigation  to  be 
fiister  than  that  of  the  people.  Among 
the  most  obvious  causes  of  this  flict  is  the 
introduction  of  steam  navigation  on  the 
western  rivers.  The  steam  tonnage  on 
all  the  western  rivers  exceeds  800,000 
tons ;  but  this  had  no  existence  in  1815, 
the  period  of  comparison  in  the  above 
table. 

NEEDLE  MANUFACTURE.  Thie 
useful  little  article  constitutes  a  large 
business,  giving  employment  to  many 
hundred  operatives.  The  following  is  an 
outline  of  the  various  processes  carried 
out: 

The  best  steel,  reduced  bv  a  wire-draw- 
ing machine  to  the  suitable  diameter,  is 
the  material  of  which  needles  are  formed. 
It  is  brought  in  bundles  to  the  needle 
facte  ry,  and  carefully  oxnmined.  For 
this  purpose,  the  ends  of  a  few  wires  in 
each  bundle  are  out  off,  ignited,  and  bar- 
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the  buiiilli»  beloiiriDg  )o  tlie  ttiMI  brittle 
iriree  ore  eet  snid*,  lo  be  emnlojed  in 
mikinjif  a  pccnlinr  hind  of  necilleB. 

After  the  qnulity  of  the  »tee]  wire  hsi 
bcea  properly  mpertoined,  it  in  eaiibred 
by  mennit  of  a  gauirei  to  tee  if  it  be  eqiial- 
ly  thick  «nd  miind  throuijliout.  for  which 
pnrposB  merely  Kime  of  the  coi[»  of  the 
bniidles  of  wireii  are  tried.  Those  Hint 
•re  too  thick  nre  retiinied  lo  the  wire- 
dniwer,  or  Bi-t  Hpart  for  another  size  of 
needles. 

The  new  rnxde  coil  is  cat  in  two  points 
di«netrionlly  op]wsite,  either  by  hand 
shears,  of  whiefi  one  of  the  hmriehes  in 
fixed  in  a  block  bv  *  holt  and  a  nut,  or  bv 
means  of  the  nicchnnicnl  ulicnrx,  the 
crank  of  whicli  is  moved  by  «  hydrsnlic 
irlicel,  or  ste^ini  power,  snd  rises  and  foils 
■Itcraalelv.  The  extremllv  of  this  cnink 
•Dters  into  «  m"rti?e  ent  in  the  snn  of  ^ 
bent  lerer,  and  i*  made  fiL-t  lo  it  hv  a 
bolt.  All  iron  rod.  binifcd  at  one  of  its 
e  end  of  llie  arm,  and  at 
nilofthe^licarsordii    ' 

.- .,..n   and  shut   ■Jlernuti 

The  operative  nlaeed  upon  tlie  fl< 
prewnts  the  coil  lo  the  srtion  of  mi; 
■hears,  which  cut  it  into  two  hiindlea, 
coinpOBpd  each  of  90  or  icfl  wires,  np- 
wanU  of  g  fi-et  loni.  The  chisel  strikes 
!1  blows  in  the  minute. 

Theie  bundles  are  afterwards  cnt  witli 
the  name  shears  into  the  de*in,-ii  needle 
lengths,  tliei'S  >>einjc  regnl.itud  by  the  di- 
■meter.     Fur  this  purpose  the  wirca  arc 

Eul  into  a  semi-cvlintler  of  the  prnpcr 
instil,  with  their  end*  at  the  Imttoni  of 
It,  and  are  all  cnt  serous  hv  this  eanire. 
The  wires,  thus  rut,  ar?  depotiipd  iiilo  u 
box  pliivl  nlnniTsiile  nf  the  workman. 

tocut  100  win-s.  IhQthinlislnHt.     M.-nr^.- 


sypKcation  of  the  wires.    Tbt  ■% 
seiiled  in  front  of  the  Krindslone,  seiies 
JO  or  SO  wires  between  the  thumb  and 


rn^ihem  sboat  wlthliis  fom- 

;  then 

their    pointa    cvOKal. 

(friud 

lit ;  because,  if  water 

*e  of. 

le  paints  of  the  ne«d- 

r«pi,ll 

msted.     Uhacbecn 

that  the  Nlicioas  add 

IT  bj  the  MODea,  wn 

the  c 

Tea  and  Iuii|cb  of  the 

Croposfil  lor  pruentinii  its  bad  eOMts. 
he  mn.'liLi.e  invented  f,>r  this  ptirpos» 
1>T  Mr.  I'lloT,  d.)cs  «w.fv  with  mQeEVf 
this  evil. 

Tho  flatted  heads  have  become  harden- 
ed by  the  blowofihe  hummer;  when  an- 
nealed by  hoElinir  and  nlow  enolin^,  they 

nionly  a  eliild,  who,  layin);  the  bead  upon 
a  blot'k  of  steel,  and  applying  the  point 
of  a  small  punch  to  it,  pierces  the  ejs 
with  a  smart  tnp  of  a  haiiitner,  applied 
lirsl  upon  the  one  side,  and  IhcD  exactly 
op|vtsiie  npou  the  other. 

Another  ehild  trims  Iho  eyes,  which  he 


ling  the  needle  upon  ■  lump 
nd  diiriiiff   ■   proper   punch 

lirouiih  iis  eye;  then  layiiiir  it  sidewisc 


.5  *-•:"' 


which  produce  800,000  needles.  The  en 
Wircn  arc  l«-iit,  and  have  to  I*  inad 
straiL'ht ;  this  i-  done  hv  pns-inff  a  tit 
Iron  plnle  or  r'llc  with  ire:it  force  oiii' 
or  Iwiee  nver  the  •■aX  bun-llc 
The  wires  nri!  now  taken  to  the  point 


side  with  Ilia  htunnier,  and  r 
eve  to  take  the  shape  of  Iho  punch. 
The  o|.enilion  of  pieroinzand  Irimmina 
the  eyes  is  pertbrnied  hv  clever  diildren 
with  astoniahiiiK  rapidity;  who  become 
so  dexterous  as  to  pierce  with  liieir  punch 
a  hiiriiun  hair,  and  thread  it  with  another, 
for  the  amusement  of  viviiora. 

Tile  next  a|ieratiro  makes  tlis  rroova 
at  the  eve,  and  rounds  the  head.  Us 
"■■  1  tlie  needle  in  pineera  to  that  (he 
corrcapuiids  to  tlieir  flat  side;   be 


I  tiici 


e  of  h 


.■■~~]  llxedin  ■  Tics,  with  the  .  _ 
priirlil  position.  He  now  t.irr 
I'liiivo  nriih  p  sinirle  stroke  of  asm 
evieronily  opplied,  firi-l  to  the  oi 


i<>..tiis  the  head  with 
IlsvinR  finished,  be 
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of  making  the  grooves  and  flnishing  the 
heads  has  been  long  used  in  most  En- 
glish factories.  A  small  ram  is  so  mount- 
ed as  to  be  made  to  rise  and  lull  by  a 
pedal  levcr^  so  that  the  child  works  the 
tool  with  his  foot;  in  the  same  wav  as 
the  heads  of  pins  are  Axed.  A  small  die 
of  tempered  steel  bears  the  form  of  the 
one  channel  or  groove,  another  similar 
die  that  of  the  other,  both  being  in  re- 
lief; these  being  worked  by  the  lever 
pedal,  ilnish  the  grooving  of  tlie  eye  at  a 
single  blow,  by  striking  against  each 
other,  with  the  head  of  the  needle  be- 
tween them. 

The  whole  of  the  needles  thus  prepar- 
ed are  thrown  pell  mell  into  a  sort  of 
drawer  or  box,  in  which  they  ure,  by  a 
few  dexterouri  jerks  of  the  workinairs 
Imnd,  made  to  arrange  themselves  paral- 
lel to  each  other. 

The  needles  are  now  ready  for  the  tcm- 
perini(  ;  for  which  purpose  tliey  are 
weiijliod  out  in  quantities  of  nboiit  Oo 
pomids,  wliich  c<mtain  from  ti'>'»,«M;ii)  to 
60i',000  needles,  and  are  ciirried  in  boxes 
to  tiie  UnqHrtr.  He  arraniro»  tlicse  upon 
sheet^iron  plates,  ab(»ut  lo  inches  Ion;.', 
and  5  inclies  broiid,  having  borders  only 
upon  the  two  longer  sides.  Tiie.se  plates 
are  heated  in  a  proper  furnace  to  Itris^ht 
redness  for  the  larirer  needles,  and  to  a 
less  intense  degree  Tor  the  Kuiiiller;  they 
are  taken  out,  aiul  inverted  smartly  over 
a  cistern  of  water,  so  that  all  the  needles 
may  be  immersed  at  the  same  m»>nient, 
yet  distinct  from  one  another.  The  wa- 
ter being  run  olf  from  the  cisfern.  the 
needles  are  removed,  and  urranired  by 
agitation  in  a  box,  as  above  d(Si-ril)e<l. 
Instead  of  heating  tlio  needle>  in  a  fur- 
nace, some  manufacturers  heat  them  hy 
means  of  a  bath  of  melted  lead  in  a  stale 
of  ignition. 

After  being  suddenly  pluiiLTcd  in  the 
cold  water,  they  arc  very  nanl  and  exces- 
sively brittle.  The  followlu;:  mode  of 
tcm|X?rintr  them  is  practi>ed  at  Neu>tadt. 
The  needles  are  thrown  into  a  sort  of  fry- 
im^-pan  along  with  a  quantity  of  i:reasc. 
The  pan  being  pluced  on  the  tire,  the  fat- 
ty matter  soon  inflames,  and  is  allowed 
to  burn  out;  the  needles  arc  now  lound 
to  be  sullicientlv  well  tempered.  Thev 
must,  however,  be  re-adjuNled  upon  the 
steel  nnvil,  because  many  of  tlnni  get 
twiste«l  in  the  hardcniriir  and  tciupcriuu'- 

PolUh'nuj  is  the  loULTist  and  n(^t  the 
least  expensive  process  in  the  nee<lle 
manufju'turc.  This  is  done  upon  bundles 
containing  r.oo.O(kO  needles;  and  the  same 
muchinc,  under  the  guidance  of  one  man. 


polishes  fVom  20  to  80  bundles  at  a  time, 
either  by  water  or  steam  power.  The 
needles  are  rolled  up  in  canvas  alons^ 
with  some  c^uartzose  sand  interstratinea 
between  their  layers,  and  the  mixture  is 
besmeared  with  rape-seed  oil. 

After  polishing,  the  needles  have  to  bo 
fcoured ;  this  is  done  bv  putting  them  in 
a  cask  with  sawdust.  The  cask  turns  on 
a  winch  handle,  and  the  whirling  motion 
rubs  all  the  grease  off  the  surface  of  the 
needles.  The  needles  arc  then  taken  out 
and  winn&wedj  or  have  the  sawdust  blown 
off  them  by  a  winnowing  machine.  They 
are  then  arranged  in  order  by  being  dex- 
terously shaken  in  a  concave  tray,  and 
heaped  up  at  one  end,  so  that  they  can 
be  removed  in  bundles  by  the  hand. 

Surtlfnj  of  the  tuedUn.  This  operation 
is  ]>erfornied  in  a  dry  upper  cJiamber, 
kept  free  from  damp  by  pro]>cr  stoves. 
Here  all  the  points  are  first  laid  the  same 
way  ;  and  the  needles  are  then  picked 
out  from  each  other  in  the  order  of  their 
polish.  The  sortiucr  is  elfected  with  sur- 
]»rising  facility.  The  workman  places 
2000  or  .3(j<Ht  needles  in  an  iron  ring,  two 
inches  in  diauielor,  and  sets  ail  their 
heads  in  one  plane;  then,  on  looking 
carel'ully  at  their  jxjints,  he  easily  recog- 
nizes the  broken  ones  ;  and  by  means  of 
a  sinall  ho«'k  fixed  in  a  wooden  handle, 
he  lays  hold  of  the  broken  needle  ana 
turns  it  out.  These  defective  needles 
pass  into  the  hands  of  another  workman, 
who  j)oints  them  anew  up<^n  a  yrrindstone, 
and  they  form  articles  of  inferior  value. 
The  needles  whieh  have  got  bent  in  the 
polishinix  muht  now  be  straightened. 
The  whole  arc  fnuiUy  arranged  exactly 
according  to  their  lengths  by  the  tact  of 
the  linger  and  thumb  of  the  sorter. 

The  needles  are  divided  into  quantities 
for  packiuiT  in  blue  paj)ers,  by  putting 
into  a  puiall  balance  tiie  counterpoise  ot 
Itjo  needles,  and  so  meiu^uring  them  with- 
out the  trouble  of  countiniT- 

DrilUd-tijcd  nffdUs.  Needles  of  tlie 
uV>ove  named  kind  are  made  in  this  coun- 
trv,  and  by  the  original  inventor,  Mr. 
^Vm.  Essex,  an  Entrlishman.  His  factory 
is  in  a  secluded  ntK)k  of  New  Jersey,  near 
Newark.  The  wire  used  is  made  in  En- 
gland expressly  for  the  purpose  —  the 
manufacturers  of  this  country  not  having 
Vet  accoiiipii>hed  the  manufacturing  of 
wire  suited  to  this  purp<»>e.  It  is  tirst 
cut  into  .-uitablc  huirlhs,  aceording  to  the 
size  of  the  necdlis  to  be  nuide,  when 
they  ere  stmiLditcned  and  j)ointed  upon 
a  stone  which  is  rcouirc*!  to  be  turned 
with  great  velocity  ;  they  are  then  stamp* 
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•d,  or  (n  ImprwHion  inule  npnn  them  l 
wbers  the  vja  ii  to  be  mide ;  allot  which 
tb>  eye  li  panched  by  means  of  b  preiw 
insentsd  for  tha  pnrpone.  The  burr 
mmde  b;  itamping  the  ejsia  filed  em ooth, 
ftltcr  which  tha  hMTdeniDgacd  temperlD^ 
is  performed,  and  then  they  are  again 
■tnightaned  so  u  to  make  their  enaps 
perfect.  By  mcani  of  machineiy,  they 
are  aconred  and  brightened^  and  the  c]o«-  | 
log  prooesaea  are,  the  asiortiiig  them  by 
plaeitig  the  beads  and  points  their  re- 
■peotive  waya;  the  eyea  bined,  or  the 
temper  at  that  point  taken  out,  that  they 
may  not  cut,  and  the  drilling,  couuter- 
ainhing  and  bumiehing  the  eyes. 

This  peculiar  branch  of  manuiacluring, 
althonyn  not  entirely  new,  ia  neverlhe- 
leas  or  somewhat  reeent  origin  in  this 

"'nE'JdLE,  MAQNETICAL.  a  slen- 
der maimetiied  barof  steel,  which,  when 
aaapended  tVeely  on  a  pivot  or  centre,  ar- 
nneea  Itself  in  the  direction  of  the  mag- 
netic force  of  the  earth. 

NEEDLE  ORE.  (From  the  acii>utBr 
tana  of  its  cryntjils.}  A  native  eulpliuret 
ofbiiimiilli,  cupper,  and  lead:  il  occun 
in  the  gold  mine  of  Sdilangenbcrg,  in 
Siberia. 

NEEDLE  STONE.  A  species  of  aoi- 
ealar  zeolite  found  in  Iceland. 

NICOTINA.  A  poiaonoii:<  alkxline 
base,  extracted  fVom  the  leuvea  and  seed 
at  tiiB  XiCilUtiia  tahacum,  or  coirininn  to- 
bacco. It  derivpB  its  name  IVim  Nieol, 
a  Frenchman,  whn.  nboni  LWI,  Unit  Kent 
tobacco  into  Frani'e.  To  obliiin  it,  the 
leave*   are  to  be  digested  in  p.cldulous 

tun  point,  adding  lime  to  it.  distilling, 
and  treating  Ibe  proLliict  which  comen 
over  with  ether.  It  is  colorlesa,  liaa  an 
acrimnnioni  li);ite,  a  pungent  ^mell,  re- 
mains liquid  at  S0°  F.,  mixea  in  all  pro- 
portions  with  water,  but  is  in  a  great 
lueBHure  Reparable  from  it  by  ether, 
which  .liMofvea  it  ab'iridanlly.  It  e.«n- 
bines  with  acida,  and  forms  salts  acrid 
and  pungent  like  itself;  the  phoapliate, 
onlale,  and  turtrnte  being  crrstallisible. 
Nicotine  causes  the  pupils  to  roiitract. 
A  single  drop  of  it  is  sullivient  to  kill  a 
dog.  It  has  ac'piired  some  notorietv  as 
beiiiji  the  hUbsLince  aoleeted  bv  (.'uunc 
Boc^rn^  to  piiison  his  brother-in-law 
with,  and  for  which  he  suffered  on  the 
guillotine  in  lesi. 

NITRATE  OF  AMMONIA  Is  pre- 
pared by  neutralizing  nitric  acid  «iih 
carbonate  of  ammonia,  mid  crystalliiing 


NITHATE  OF  TJEAJy  is  madel^s*. 

turatiDfi  somewhat  dilute  nitric  aad  with 
oxide  of  lead  (lilhatfe),  evaporating  III* 
Doniral  solution  till  a  pellicle  appeara,uid 
then  exposing  it  in  a  hot  chamber  till  it 

he   eonvertciTihl'i   ..rj -!..!-,    "l.Vh 


Bometimeh 

trnri.«].arcn,'   but    genenlly 

opaque  wt. 

G  octahedrons.    Their  ipco. 

([mv.is4n" 

s;  theyhavouoooIiDg.aweet- 
t  taste.    They  dias^vs  in  7 

iBh,  pungr 

parts  of  10 

I.  and  in  much  less  boilhlg 

water;  tbf, 

fuse  at  a  moderate  elevalioa 

of  tempeRi 

vidJ  on™d.''**Theif^n"* 

tuenU  STc 

67-3  oxide,    and  3a-T  add. 

Nitrate  on 

ud  is  much  eitiploved  in  the 

chrome  ye) 

whieh  set. 

There  i,r 

DW  style  of  CAUCO^pMMTOlOi 

nitric  aci.l 

nrt  lead  oxide;   vit,  the  M- 

basic,   thi.' 

ri-l>asic,  snd    the  sex-baslo; 

whi^   CO,,, 

in  renpeclively  8,  8,  and  B 

NITEATK  OF  I'OTASH,  Sltn,Silt- 
•rlrr.  This  sail  occiifm  native  as  an 
iffloreaceitci.'  mtviu  lime!>Ionps,  «and- 
tones,    niiirl-.    rfuilk,    aiid   c'Hictoff;   it 


KVe-!'.lr;''i,  ' 


eiirs  as  an  effliiifsoeiice  iinnn  the  gtootid 
in  Anagon,  liiin^rv,  r<Klolifl,  Sidly, 
Egjpt.  Powia,  Bengal,  Cliina,  Arabia, 
Kortli  America,  and  South  Aineri* 
SevenJ  plnnts  oontnin  salti«lre;  parti- 
luhirlv  borage,  liill,  tobacco,  KUnflowera, 
sliilks  ofinaiic,  beet-root,  hugloss,  fari^ 
larui,  &c.     It  hiis  not  hitherto  beeo  fonad 


generated  in  the  soil, 
.  .    .  ,   n  it*  surfaee  in  seje- 

rnl  parts  of  the  world,  eapeciallr  in  In- 
dia, whence  nenriy  the  whole  of  the  nitre 
use>.1  in  Britain  is  derived.  It  hu  ocfa- 
sioiiully  been  produced  artifloialiyina"" 


rwiej  ,>v  iixiviniion,  and  carooni"  "• 
i..la«h  added  lo  the  solution,  kWA  p 
loiihlc  decomposition,  gives  rise  lo  tlis 
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Ibmifttion  of  nitrate  of  potash  snd  ear- 
boDBte  of  lime :  the  latter  is  precipitated : 
the  former  remains  in  solution,  and  is 
obtained  in  crystals  b}r  eyaporation.  Ni- 
tre crystaUizee  in  six-sided  prisms,  solu- 
ble in  seven  parts  of  cold  water,  and  in 
less  than  its  weight  of  boiling  water.  It 
has  a  cooling  siuine  taste,  and  is  anhy- 
drons.  At  616^  it  ftises,  and  at  a  red  heat 
is  decomposed.  Its  great  use  is  in  the 
manufacture  of  gunpowder,  and  in  the 
production  of  nitric  acid.  It  is  also  em- 
^oyed  in  the  preservation  of  meat. 

Dr.  Ure,  in  his  valuable  Dictionarjr  of 
Arts,  discusses  this  interesting  question 
— ^How  is  nitre  annually  reproduced  upon 
the  sur&co  of  limestones,  and  the 
ground,  after  it  has  been  removed  by 
washing!  It  has  been  said,  in  reply, 
that  as  secondary  limestones  contain  re- 
mains of  animal  matters,  the  oxygen  of 
the  atmosphere,  absorbed  in  virtue  of 
the  porous  structure,  will  combine  with 
their  azote  to  form  nitric  acid ;  whence 
nitrate  of  lime  will  result.  W  here  potnsh 
is  present  in  the  ground,  a  nitrate  of  that 
base  will  be  next  fonned.  The  genera- 
tion of  nitre  is  in  all  cases  limited  to  a 
very  small  distance  fh>m  the  surface  of 
porous  stones ;  no  fhrther,  indeed,  than 
where  atmospherical  air  and  moisture 
can  Denetrate ;  and  none  is  ever  pro- 
ducea  upon  the  surface  of  compact 
stones,  such  as  marble  and  quartz,  or  of 
argillaceous  minerals.  Dr.  John  Davy 
and  M.  Longchamp  have  advanced  an 
opinion^  that  the  presence  of  azotized 
matter  is  not  necessary  fur  the  generation 
of  nitric  add  or  nitrous  Halts,  but  that  the 
oxygen  and  azote  of  the  atmosphere, 
when  condensed  by  capillarity,  will  com- 
bine in  such  pro(x>rtiontf  a&  to  form  nitric 
acid,  through  the  agency  of  moisture  and 
of  neutralizing  bases,  such  as  lime,  mag- 
nesia, potash,  or  soda.  Tliey  conceive 
that  as  spongy  platina  serves  to  combine 
oxygen  and  hyclrogen  into  water,  or  the 
vapor  of  alcohol  and  oxygen  into  acetic 
acid,  and  as  the  peroxyde,  as  well  as  the 
hydrate  of  iron  and  argillaceous  minerals, 
serve  to  generate  ammonia  iVora  the 
oxygen  of  the  air  and  the  hydrogen  of 
water;  in  like  manner,  porous  lime- 
stones, throuffh  the  agency  of  water, 
operate  upon  tne  constituents  of  the  at- 
mosphere to  produce  nitric  acid,  without 
the  presence  of  animal  matter.  This 
opinion  may  certainly  be  maintained;  for 
in  India,  Spain,  and  several  other  coun- 
tries, at  a  distance  from  ail  habitations, 
immense  quantities  of  saltpetre  are  re- 
prodaoed  in  soils  which  have  been  wash- 


ed the  year  before.  BatfOUtheotherhand, 
it  is  known  that  the  production  of  this 
salt  may  be  greatlv  facilitated  and  in- 
creased oy  the  admixture  of  animal  otb^ 
with  calcareous  earths. 

It  is  now  known,  that  ammonia  in  tho 
nascent  state,  or  just  in  the  moment  of  be- 
ing generated  by  decomposition  of  ani- 
mal matters,  is  converted  into  nitric  add, 
if  a  stronger  base,  such  as  lime  or  potash, 
be  present:  the  oxygen  of  the  idr  is 
brought  into  pla^,  and,  uniting  with  the 
ammonia  just  formed,  alters  that  sub- 
stance into  nitric  add  and  water ;  8  equi- 
valents of  oxygen  uniting  with  1  equi- 
valent of  ammonia,  to  form  1  equivalent 
of  nitric  acid  and  8  equivalents  of  water. 
The  add  thus  produced  then  seizes  on 
the  potash^  and  becomes  neutralized. 
This  explams  why  animal  matter,  and 
stirring  the  compost,  hastens  nimflca- 
tion. 

Nitre  is  applied  to  many  purposes : — ^1, 
to  the  manufacture  of  gunpowder;  8,  to 
that  of  sulphuric  acid ;  8,  to  that  of  ni- 
tric add,  though  nitrate  of  soda  or  cubio 
nitre  has  lately  superseded  this  use  of  it 
to  a  considerable  extent;  4,  to  that  oi 
flint-glass;  5,  it  is  used  in  medidne ;  6. 
for  man^  chemical  and  pharmaceutical 
preparations  ;  7,  for  procuring,  bv  defla- 
gration with  charcoal  or  cream  of  tartar, 
pure  carbonate  of  potash,  as  also  black 
and  white  fluxes ;  8,  for  mixing  with  salt 
in  curing  butcher  meat;  9,  in  some 
countries  for  sprinkling  in  solution  upon 
grain,  to  preserve  it  from  insects  ;  10,  for 
making  fireworks. 

Nitre  has  sometimes  been  mistaken  for 
Glauber^s  salt ;  and,  when  taken  in  the 
quantity  of  half  an  ounce  or  an  ounce,  it 
acts  as  a  powerfiil  poison.  In  such  cases 
the  stomach  should  be  evacuated  as  ra- 
pidly as  possible,  and  the  symptoms  of 
spasm  relieved  by  opiates.  In  doses  of  6 
to  15  grains  it  is  diuretic  and  diaphoretic. 

NEPHELINE.  A  mineral  fh>m  Som- 
ma,  near  Vesuvius^  and  Capo  di  Bovo, 
near  Rome ;  in  nitric  acid  itn  transparent 
fragmentM  become  cloudy.  It  is  a  double 
sclicate  of  alumina  and  soda.  It  is  also . 
known  bv  the  name  of  sammite. 

NEPHi^ITE.  A  hard  J  tough  mineral, 
composed  chiefly  of  silica,  with  lime, 
soda,  and  potash.  It  is  difficult  to  break, 
cut,  or  pourth  ;  it  is  slightly  translucent, 
and  usually  of  a  jBrreeni^ui  color.  It  is  oc- 
casionally manumctured  into  sword  and 
knife  handles,  and  has  even  been  cut  in- 
to the  form  of  a  chain,  which,  from  its 
extreme  toughness,  is  not  easily  broken. 
Little  plates  of  it  were  formerly  suspend- 
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■lumink,  iind  miu(iieaU. 

NEROLI.  KuODtid  ail  of  orange 
flovers.  It  Is  procared  by  distilUiIion 
wilh  water,  in  (he  saino  way  bb  the  other 
ea'enllnl  <nln. 

NESTS,  ESCULENT.  A  upedes  of 
nesta  built  by  swallows  peculiar  to  the 
Indiuu  IslonJs,  wid  veiy  muoh  o*teemed 
in  (Jliina  ktid  other  pariH  of  Ihe  world. 
Tlleae  neaU  resemble  in  form  those  of 
other  swniliiwii;  thej  lire  formed  of  a 
viscid  iiibftimco,  and  in  oiCerniU  Hppear- 
■noe,  a«  well  as  conRistBiiee,  are  not  un- 
like flbrule  ill-eoiieoeted  IsinijlaM.     Escn- 


liafaetory  in  known  as 
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thinit  pure  and  aiiad  ill  tented  witli  any 

to  be  ml  when  not  fulsiliod  ;  end  collee. 

ordiiren  »ro  sc|>anited  from  liiein.     The 
word  net  is  aloo  iiscd  for  what  remains 
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b*fc  yielded,   afler  all  tare  aiid  cliarjfca 

have  been  dwliieied, 

NET  is  n  (eilile  fabric  of  knotted 
mealiei  (br  utleliini;  n«li.  and  other  pni^ 
poses.     Eueli  mvili  should  he  s<i  secured 
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ooDlaimng  alkali :  i 
eutby  and  metallic 
It  was  most  u^uiU  to  csll  the  alkalioe 
salta  with  an  acid  neutral,  and  lo  disiin- 
giiish  tie  otliom  by  the  respective  ap- 
pelhitiunn.  earthy  and  metallic:  but  the 
term  ueutra)  is  now  applied  to  (liose  aalto 
which  contain  1  eqaivalcut  of  acid  and  1 
Bi|iiivnlentorbnse. 


iiorilimt,  it  ffive"  u  briuljt  but  furtive 
red.      It  ij4  iiiii:ri(jr  in  dyeing'  power  lo 

MCKEl'ish  silver-like  metal,  ap.  Br. 
)■».      It  i^  m,.frn.li,^  nnd  is  graeSv  of 

MUBB  it 'driM -'..;"' .).^^'L'en  b 'fm  as  it 
tscs_;  but  III,-  ,.„.lr-  ,lVu  fanned  by  »olu- 

isb,  and  il,.r,  hiMiiii.'  Ill  ri'diiefs.      It  is 


The  chief  of  tbese  orea,  nod  that  ftam 
wliicli  most  of  the  nickel  of  Conemera  is 
oblnitied.  is  the  coppcr-coloTed  ore  above 
described  is  tup/emictef — niokel  bein^  a 
term  of  dolraelioD  used  by  Ihe  GcrmaD 
miners,  wlio  eipecled  from  the  color  of 
the  um  to  Hnd  tlint  it  conlalned  copper. 
The  s:illHuble  oxide  of  nickel  eonsiats  of 
SO  nickel +  8  oxyicen.  luealtfare  loost- 
Iv  ofafinus'^reen  color,  and  the  ainmo- 
solntion  of  itaojiide  is  deep  hi 
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ircatcil  bv  the  method  of  AVShter  to 
I  eH'i'Ct  the  sei'urntion  of  Ihe  two  metals. 
i  The  iincnic  i:.  (XTH^lled  bv  rvMutinu  ihe 

,«w.hT.-,l  ./«■'*«  first  bv  itself,  next  wilh 
'  the  lulditi'in  of  cliurci^l  powder,  tUl  the 

iMrliuMm-llbenoli>necrpcrccii-ed.    The 
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while  the  arsenio  associated  with  the  sul- 
phur, and  combined  with  the  resulting 
Bulphuret  of  potassium,  remains  dis- 
solved. Should  an^rBcuic  BtUl  be  found 
in  tlie  sulphuret,  as  may  happen  if  the 
first  roasting  heat  was  too  great,  the 
above  process  must  be  repeated.  The 
Bolphuret  must  be  finally  washed,  dis- 
aolved  in  concentrated  sulphuric  acid, 
with  the  addition  of  a  little  nitric ;  the 
metal  must  bo  precipitated  by  a  carbon- 
ated alkali,  and  the  carbonate  reduced 
with  charcoal. 

In  operating  upon  kupfernickel,  or 
speiss.  in  which  nickel  predominutcs, 
alter  the  arsenic,  iron,  ana  copper  have 
been  separated,  ammonia  is  to  be  digent- 
ed  upon  the  mixed  oxides  of  cobalt  and 
nickel,  which  will  dissolve  them  into  a 
blue  liquor.  This  bein^  diluted  with 
distilled  water  deprived  ot  its  air  by  boil- 
ing, is  to  be  decomposed  by  caustic  pot- 
asn  till  the  blue  color  disappears,  when 
the  whole  is  to  be  put  into  a  bottle  tightly 
stoppered,  and  set  aside  to  settle.  The 
larreen  precipitate  of  oxide  of  nickel, 
which  slowly  forms,  being  freed  by  dc- 
cantation  from  the  supernatant  red  poIu- 
tion  of  oxide  of  cobalt,  is  to  be  edulco- 
rated and  reduced  to  the  metallic  state  in 
a  crucible  containing  crown  glass.  l*uro 
nickel,  in  the  form  of  a  raotullic  powder, 
is  readily  obtained  by  expoaing  its  oxal- 
ate to  moderate  ignition. 

Since  the  application  of  LicMg's  cyan- 
ide of  potassium  to  the  separation  of  me- 
tals in  a  mixed  solution,  the  forecroing 
mode  is  generally  given  np  for  the  u^e  of 
the  cynnide.  A  solution  of  cyanide  of 
potassium  is  added  to  t)ie  mixed  oxide, 
and  heat  apphed.  The  cyanide  must  bo 
(\uite  free  from  cyauatc.  Tlie  solution 
is  boiled  to  drive  off  excess  of  acid.  Per- 
oxide of  mercury  is  then  added  to  the 
solution,  when  tfie  nickel  is  prccipitntod, 
partly  as  oxide,  partly  as  pure  nictol :  it 
IS  then  collected,  dried,  and  cnKincd,  at 
a  red  heat,  leaves  the  oxide  j)erfectly  free 
from  cobnlt. 

NITRATE  OF  SIL\Tai  is  prepared 
by  saturating  pure  nitric  acid  ot  specific 
grav.  1"25  with  pure  silver,  evaporating 
the  solution,  and  cr}st;dlizing  the  nit  rule. 
When  the  drained  crystals  are  fused  in  a 

f)latina  capsule,  and  cast  into  slender  cy- 
inders  in  silver  mould",  they  constitute 
the  lunar  caustic  of  the  surgeon.  This 
should  he  white,  nnd  unchaniroable  by 
liirht.  It  is  dc-liquosoont  in  niojst  air. 
The  crystals  arc  colorless,  transparent  4 
and  fi  sided  tables  ;  they  po«;soss  a  bitter, 
acrid,    and    mom    disagreeable    metallic 


taste:  they  dissolve  in  their  own  weight 
of  cold,  and  in  much  less  of  hot  water ; 
are  soluble  in  four  parts  of  boiling  alcohol, 
but  not  in  nitric  acid ;  they  deflagrate  on 
redhot  coals,  like  all  the  nitrates  ;  and  de- 
tonate with  phosphorus  when  the  two  are 
struck  togetner  upon  an  anvil.  Thev 
consist  of  68-2  of  oxide,  and  81*8  of  acid. 
Nitrate  of  silver,  when  swallowed,  is  a 
very  energetic  poison  ;  but  it  may  bo 
readily  counteracted,  by  the  administray 
tion  of  a  dose  of  sea-salt,  which  converts 
the  corrosive  nitrate  into  the  inert  chlo- 
ride of  silver.  Animal  matter,  immersed 
in  a  weak  solution  of  neutral  nitrate  of 
silver,  will  keep  unchanged  for  any 
length  of  time  ;  and  so  will  polished  iron 
or  steel.  Nitrate  of  silver  is  such  a  deli- 
cate reagent  of  hydrochloric  or  muriatio 
acid,  as  to  show  l>y  a  sensible  cloud,  the 
presence  of  one  113  millionth  part  of  it, 
or  one  7  millionth  part  of  sea-salt  in  dis- 
tilled water.  It  is  much  used  under  the 
name  of  indelible  ink,  for  writing  upon 
linen  with  a  pen  ;  for  which  purpose  one 
drachm  of  the  fused  salt  should  be  dis- 
solved in  three  quarters  of  an  ounce  of 
water,  adding  to  the  solution  as  much 
water  of  amnionia  as  will  redissolve  the 

f)recipitated  oxide,  with  sap-green  to  co- 
or  it,  and  gum-wnter  to  make  the  volume 
amount  to  one  ounce.  Traces  written 
with  this  liquid  should  be  first  heated  be- 
fore a  fire  to  expel  the  excess  of  ammonia, 
and  then  exposed  to  the  sun-beam  to 
blacken.  Another  mode  of  using  nitrate 
of  silver  as  nn  inflclible  ink,  is  to  imbue 
the  linen  first  with  solution  of  carbonate 
of  soda,  to  dry  the  spot,  and  write  upon 
it  with  a  solution  of  nitrate  of  silver, 
thickened  with  gum,  and  tinted  with  sap- 
green. 

NITRATE  OF  SODA,  Otihkal  Nitre, 
occurs  under  the  nitre  upon  the  lands  in 
Sj.ain,  India,  Chili,  ana  remarkably  in 
Peru,  in  the  districts  of  Atacama  ancfTa- 
racapa,  where  it  forms  a  bed  several  feet 
thick.  It  api>ears  in  severol  places  upon 
tlie  surface,  and  extends  over  a  space  of 
more  than  40  leagues,  approaching  near 
to  the  frontiers  of  Chili.  It  is  sometimes 
crtlorescent,  sometimes  erjsijulized,  but 
ottciier  c<>ni'usedly  mixed  with  clay  and 
sand.  This  immensely  valuable  deposit 
is  only  three  days'  journey  from  the  port 
of  Conception  in  Chili,  and  fn^n  Iquiqui, 
another  harlwr  situated  in  tlie  southern 
part  of  Peru. 

Nitrate  of  soda  may  be  artificially  pre- 
pared bv  neutralizing  nitric  acid  with  so- 
da, ancl  crj'stallizintr  the  solution.  It 
crystallizes  "in  rhomboid«»,  has  a  cooling, 
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pungent,  bitterish  taste,  less  dissgreesble 
than  nitre ;  it  becomes  moist  in  the  air ; 
dissolves  hi  8  parts  of  water  at  60°  F.,  m 
less  than  1  part  of  boiling  water ;  defla- 
grates more  slowly  than  nitre,  and  with 
an  orange  yellow-flame.  It  oonsists,  in 
its  dry  state,  of  86*6  soda  68'4  nitric  add ; 
bat  its  crystals  contain  one  prime  equiva- 
lent of  water;  hence  they  are  composed 
of,  acid  56*84,  base  88*68,  water  9*47. 
'  It  is  susceptible  of  the  same  applica- 
tions as  nitre,  with  the  exception  ofinak- 
ing  gunpowder ;  for  which  it  is  not 
adapted,  on  account  of  its  deliquescent 
property. 

Its  chief  uses  are  in  the  manufacture  of 
nitric  acid,  and  as  a  manure.  It  has  a  re- 
markable effect  in  increasing  the  growth 
of  loaf  in  plants,  and  is  only  second  to  the 
ammoniacal  manures  in  power. 

NITRATE  OF  8TR0NTIA.  This  salt 
is  usually  prepared  fh)m  the  sulphuret  of 
strontium,  obtained  by  decomposing  sul- 
phate of  strontia  with  charcoal,  by  stronjg^ 
Ignition  of  the  mixed  powders  in  a  cruci- 
ble. This  sulphuret  bein^  treated  with 
water,  and  the  solution  bemg  filtered,  is 
to  be  neutralized  with  nitric  acid,  as  in- 
dicated by  the  test  of  turmeric  paper ; 
oare  being  taken  to  avoid  breathing  the 
noxious  snlphureted  hydrogen  gan,  which 
is  copiously  disengaged.  The  solution, 
which  requires  to  be  properly  evaporatea 
and  set  ooide,  affords  colorless  crv^tiils,  of 
a  slender  octohedrol  form,  it  eilloresces 
when  heated,  and  gives  a  fine  powder, 
which,  when  mixed  with  charcoal  and 
chlorate  of  pota8h,  affords  the  brilliaDt  red 
light  of  the  theatres. 

NITRIC  ACID  exists,  in  combination 
with  the  bases,  potash,  HOila,  liine,  nia^j- 
nesia,  in  both  tne  mineral  and  vejfetable 
kingdoms.  This  acid  is  never  found  in- 
sulated. It  was  di:*tillod  from  saltpetre 
so  long  ago  as  the  18th  century,  by  ignit- 
ing that  salt,  mixed  with  copperas  or  clay, 
in  a  retort.  Nitric  acid  is  jrenenited 
when  a  mixture  of  oxygen  and  nitrotren 
gases,  confined  over  water  or  an  alkaline 
solution,  has  a  scries  of  electrical  explo- 
sions passed  through  it. 

This  acid  is  a  compound  of  1  atom  or 
equivalent  of  nitrogen  =  14,  and  5  of  oxy- 
gen (8  X  6)  =  40  ;  hence  its  equivalent  in 
the  dry  or  anhydrous  state,  as  it  exists, 
for  instance,  in  nitre,  is  14  +  40=54.  As 
it  usually  occurs  in,  tlie  liijuid  state,  it  is 
a  compound  of  1  equivalent  of  dry  acid, 
64,  and  2  of  water  ^y  X  2),  18  ;  licnce  the 
equivalent  of  the  Txiuid  acid  is  72.  It  is 
commonly  known  in  commerce  under  tiie 
name  of  aqua  fortU^  and  is  prepared  by 


distilling  a  mixture  of  solphnrio  attd  and 
nitre.  It  is  commonly  yellow,  or  even 
deep  orange  colored :  but  it  may  be  de- 
prived of  nitric  ozfae,  which  ocoasioDS 
this  color,  by  heat,  and  is  then  colorless. 
It  is  intensely  corrosive  and  sour,  fumes 
when  exposed  to  air,  and  has  a  spedfie 
g^vity  of  1*50  when  in  its  utmost  state 
of  concentration.  It  boils  at  248",  and 
iVeezes  at  — 50".  It  is  a  most  powerfuUv 
oxidizing  agent,  and  is  decomposed  with 
more  or  less  rapidity  by  almost  all  tho 
metals. 

The  salts  which  it  forms  ars  called  ni- 
trates  ;  they  are  all  soluble  in  water ;  they 
are  decomposed  by  heat,  and.  when  mix- 
ed and  gently  heated  with  sulphuric  aoid, 
they  evolve  nitric  or  nitrous  acid. 

On  the  small  scale  nitric  acid  may  be 
made  by  heating  together  nitrate  of  pot- 
ash and  diluted  oil  of  vitrei  in  atomic  pro- 
portions: a  receiver  or  flask  should  be 
attached  to  the  tube  of  the  retort  and 
kept  cool  bv  immersion  in  water.  Cold 
should  also*be  applied  to  the  neck  of  the 
retort.  W  hen  the  mixture  begins  to  boil, 
red  fumes  come  off,  which  cease  after 
awhile,  and  reappear  at  the  dose  of  the 
process.  To  obtiun  a  pure  acid  it  is  ne- 
cessary to  change  the  receivers  and  reject 
the  first  and  last  portions  of  the  distilla- 
tion, which  contain  the  nitrous  acid  fumes, 
chlorine,  and  perhaps,  sulphuric  acid. 
That  which  distills  over,  when  pure,  is 
the  concentrated  acid  having  a  density  of 
1*492. 

On  the  large  scale,  iron  retorts  are  used 
similar  to  them,  in  which  hydrochloric  acid 
is  obtained. 

Nitrate  of  soda  is  now  generally  used 
in  place  of  nitre,  as  atfordiiiff  more  acid 
and  l>cin*ir  a  ciieaper  salt.  Tlie  acid  ob- 
tained thus  coritams  a  nitrate  of  iron,  and 
requires  redistillation  before  it  can  be 
gotten  rid  of.  Nitric  acid,  of  a  density 
of  1*47,  may  be  had,  colorless;  but  when 
farther  concentrated,  it  is  partially  de- 
compo.*«ed  ;  wherebv  some  nitrous  acid  is 
proiiuced,  wliich  gives  it  a  straw-yellow 
tinije.  At  this  streiiirth  it  exhales  white 
or  oranpe  tVimcs,  which  have  a  peculiar. 
thouifh  not  very  disatfrecable  smell ;  ana 
even  when  lart'cly  diluted  with  water,  it 
tastes  extremely  sour.  The  greatest  den- 
sity at  wliieli  it  can  be  obtiiined  is  1*51  or 
perhaps  l-.')2,  at  iJo^  F.,  in  which  state,  or 
even  when  timoli  weaker,  it  powerfully 
corrodes  all  an  mal,  NeL'etab'e,  and  most 
metallii-  botl.es.  Wlicii  ■^hirilIly  diluted  it 
is  ai»j>Iit(l,  with  many  precut.ons.  to  silk 
an- 1  wDollen  siurl's,  to  st;iin  them  oi  a 
brii'ht  vellow  hue. 


vrr] 


OYOLOFBDIA  OV  1HX  USKFUL  ABI8. 


897 


In  ihe  dry  state,  aa  it  eziata  in  nitre, 
this  add  oonaiata  of  26*15  parts  by  weight 
of  asote,  and  78'85  of  oxygen ;  or  of  2 
Tolaniea  of  the  flrat  gaa,  and  5  volomea 
of  the8eix>nd. 

When  of  epedilc  gravity  1*6,  it  boUa  at 
about  210^  Fahr. ;  of  1-45,  it  boils  at  about 
240^ ;  of  1-42,  it  boils  at  258°  ;  and  of  1-40, 
at  246°  F.  If  on  acid  stronger  than  1*420 
be  distilled  in  a  retort,  it  gradnally  be- 
comes weaker ;  and  if  wealcer  than  1*42, 
it  gnulually  beoomes  stronger,  till  it  as- 
sumes tliat  standard  density.  Aoid  of 
speciflo  gravity  1.485  has  no  more  action 
upon  some  metals,  as  tin,  than  water  has, 
tiiough  when  either  stronger  or  weaker 
it  oxidizes  it  rapidly,  and  evolves  fhmes 
of  nitrous  gas  with  explosive  violence. 
Add  of  1*420  consists  or  1  atom  of  dry 
add,  and  4  of  water :  add  of  1*485.  of  1 
atom  of  dry  add,  and  2  of  water ;  the  lat- 
ter compound  poMesses  a  stable  equili- 
Inrinm  as  to  chemical  agency ;  the  former 
as  to  csslorific  Add  of  specific  gravity 
1*884,  consisting  of  7  atoms  of  water,  and 

1  of  dry  aoid,  resists  the  decomposinff 
agency  of  light.  Nitric  acid  acts  with 
great  energy  upon  most  combustible  sub- 
stances, simple  or  compound,  ^vins  up 
oxygen  to  them,  and  resolvinjer  itself  into 
nitrouH  ffas,  or  even  azote.  Such  is  the 
leeuit  of  its  action  upon  hvdrogeu,  phos- 
phorus, sulphur,  churcoal,  sugar,  gum, 
starch,  silver,  mcrcuiy,  copper,  iron,  tin, 
and  most  other  metals. 

NITRIC  OXIDE,  or  NITROUS  GAS. 
This  gas  was  discovered  by  Hale*,  and 
more  accurately  studied  by  Priestley.  It 
is  obtained  durikff  the  action  of  nitric 
add  dilute<i  with  about  two  parts  of  water 
upon  metallic  copper  :  it  is  copiously 
evolved,  and  maybe  collected  over  water. 
One  hundred  cubical  inches  of  thin  gus 
weigh  between  82  and  38  gruins  ;  its  dcn- 
sitv,  therefore,  compared  with  air,  is  1087. 
It  Is  at  once  eiLsily  recognized  b^'  forming 
orange-colored  ftimes  whenever  it  eHcupes 
into  the  air  or  conies  into  contact  with  ox- 
ygen, HO  that  this  ffas  and  oxygen  are  ex- 
odlent  tests  of  each  other's  presence.  It 
oonsistrt  of  eoual  volumes  of  nitrogen  and 
oxygen,  or  ot  1  equivalent  of  nitrogen  and 

2  of  oxygen ;  hence  it  is  termed  a  binox- 
ide  or  aeutoxide  of  nitrogen.  The  re- 
spective weight  of  its  components,  there- 
fore, are  14  nitrogen  -1-16  oxygen,  and  the 
equivalent  of  the  gas  is  80. 

NITRITES.  Salts  of  the  nitrous  acid  ; 
thus  nitrite  of  potossii  is  a  compound  of 
1  atom  of  nitrous  acid  and  1  atom  of  po- 
taSi^a,  <&c. 

NITROGEN.    A  simple  giwcous  body 


which  forms  a  constituent  part  of  nitric 
add,  and  wliioh,  being  nnrespirable,  haa 
also  been  termed  a&ote.  It  was  identified 
as  a  peculiar  gas  by  Dr.  Rutherford  in 
1774,  and  shown  to  be  one  of  the  compo- 
nents of  atmospheric  air  by  Lavoisier  in 
1774.  It  is  generally  obtained  by  burning 
a  piece  of  pnosphoms  in  a  jar  ftdl  of  air 
inverted  over  water.  The  phoephoma 
during  its  combustion  combines  with  the 
oxygen  of  the  air  to  form  phoephoric 
acid,  which  is  dissolved  by  the  water,  and 
the  remaining  dement  of  the  air,  namely, 
the  nitrogen,  remains.  Nitrogen  is  • 
colorless,  inodorous,  and  tasteless  gaa, 
not  absorbed  by  water,  and  having  no  ac- 
tion on  vegetable  colors.  It  exUn^ishet 
all  burning  bodies,  and  is  it»elf  nmnflam- 
mable.  It  is  a  little  lighter  than  atmos- 
pheric air,  100  cubic  inches  weighing 
80*16  g^ns.  Its  equivalent  is  14,  and  it 
combines  with  oxv^en  in  5  proportions, 
giving  rise  to  the  lollowing  compounds : 


1.  Nitrous  oxide 

2.  Mltrous  oxide 
8.  Uyponitrons 

acid 
4  Nitrons  acid 
5.  Nitric  odd 


By  ToloiBf .  Bt  wfeif hi.  EquiT.  STmbnliii 
N.      O.        N.      O. 

lOCM-  50=14-4-  8=22=siH-  «. 

lOO4lOO=14-|-10=8O=n4-20 


100-{-15a=:14-|-! 
1004-200=14-  -82=4 
10042fi0=14-  -40=i 


NITRO-MURIATIC  AC\D.Aqi4arMia, 
is  the  compound  menstruum  invented  by 
the  alchemists  for  difwolving  gold.  If 
strong  nitric  acid,  orange-colored  bv  aa- 
turation  with  nitrous  gas  (deutoxiue  of 
uzote),  be  mixed  with  the  strongest  liquid 
muriatic  acid,  no  other  effect  is  produced 
than  might  bo  expected  iVom  tfie  action 
of  nitrous  acid  of  the  same  strength  upon 
an  equal  quantity  of  water ;  nor  has  the 
mixed  acid  so  formed  any  power  of  acting 
u[)<)n  gold  or  platina.  But  if  colorless 
aquafortis  and  ordinary  muriatic  acid  be 
mixed  together,  the  mixture  immediately 
becomes  yellow,  and  acquires  the  power 
of  dissolving  tliese  two  noble  met  ale. 
When  gently  heated,  pure  chlorine  gas 
rises  from  it,  and  its  color  becomes  deep- 
er; when  further  heated,  chlorine  still 
rises,  but  now  mixed  witn  nitrous  add 
gas.  If  the  process  haa  been  very  long 
continued,  till  the  color  becomes  very 
dark,  no  more  chlorine  can  bo  procured, 
and  the  liouor  has  lost  the  power  of  dis- 
solving gold.  It  then  consists  of  nitrous 
and  m  uriatic  acids.  It  appears,  therefore, 
that  aqua  regia  owes  its  peculiar  proper- 
ties to  the  mutual  decomposition  of  the 
nitric  and  muriatic  acids  :  and  that  water, 
chlorine,  and  nitrous  acia  gns  are  the  re- 
sults of  that  reaction.    Aqua  regia  does 
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not,  bCtIcUt  iipcaking,  oxidize  gold  uii 
plutiaam;  it  caaiiea  merely  llieii  coinbi 
iKtionwithplilorine.  It  lusy  be  oouukb 
•d  oF  very  different  proporUoni  of  ih 
tiro  acids;  the  nitric  being  coiomonly  o 
Bpedfld  gnvltf  1-34;  tfao  muriatic,  o 
■peciflo  grsvity  I'lB  or  M9.    SometimE 


may  ilao  be  miule  by  adding  nitie  W  mu- 

nTtRO-NAPTHALASE.  Acomponnd 
mnltlng  from  tho  aclion  of  nitrii:  mid  on 
oaptbalin :  ■  modiflmtlan  of  it  bos  been 
tennod  nitro-Htipliiiletf. 

NITBO-SACt'HARIC  ACID.  By  tbe 
•ction  of  Hulphuric  ac^id  en  i-elatiuc  u  pe- 
culiar aaccbarino  niaUei  i>  formed,  which 
combines  with  nitric  acitl,  and  tbriiii  a 
or}»talliied  acid  drsiznalcd  as  above. 

NITRO-SULPHURIC  ACID.  Anadd 
resulting  from  tho  mixtaro  of  one  part  of 
nitre  with  eiglit  or  ten  ports  afHiiljihuric 
acid.  It  was  on  Kin  ally  proposed  l>r  Mr. 
Keiraaausoful  ngcnt  for  seiiaratltig  the 
silver  fVom  tho  copperof  old  plutcd  icooda. 

aolvea  ailvar,  while  it  scarcely  ads  u[>on 
copper  or  tend,  unless  diluted,  or  at  lii^li- 

NITKOUSACID.  When  two  volumes 
of  nitric  oxide  and  one  of  o\yi>en  are 
mingled  in  on  exliauntcd  g)a!<A  globo  tliey 
form  a  dcnne  omnev-ralored  vapor,  wbich 
may  be  llq^ueHcd  by  oold,  lUid  irliicli  is 
mtroia  aciJ.  lis  elements  are  so  con- 
densed Ihut  1  volume  of  nilro(»i-n  and  3 
of  oxvgcn  form  1  volume  of  iiifroas  add 
vapor,  tlio  spreifle  (fravitv  of  whicb  is 
S-IT.  Tho  presence  oflliis  vapor  rendpw 
nitric  m'id  red  and  nirninz,  in  wliii-b  aCate 


'  TUK  USKIVL  Axn.  I 

Three  glaas  vesaels  are  oouneotAd 

one  another.     Tlie  lower  eontunt 

itcrials,  marble  and  n 


iicd  nil, 


salt  k 


n.s.jlv.'d 
■Wbcn 


Into  nllr 
nitrouK  < 

oatioo  ;  hciicu  It  hua  bccu  culled  laii'jkla.j 

NTTROrs  ETHER,  or  S-ct  Swil  -f  i 
Mtrf,  i*  ina.1c  l,v  imHiiiii  llini-  i.iiits  of 
alcohol  Into  ii  l.r.ith-  j-hicd  in  tvld  wuilt,  I 


and  addiii^  . 
arfd.    I.K!t  it' 

then  distil  it 


,,„^ 


•ted 


second  is  filed 
and  a  valve  and  tlie  get,  rii 
soon  flii  both  vesfcls  with  i 

oond  vessel,  where  it  is  wash^,  and  col- 
Icols  in  tbe  iippar  one.  Woolft,  Pepyn, 
KniKht,  dod  Hamilton  have  improved  it. 

KOPAL.  The  Cadui  Opunlia.  Tliia 
is  the  tree  &n  n-lii.li  thn  Coohinesl  loHeol 
Uves.    It  grows  in  Mexico. 

BOTES,  iii  priutLiigara— ehonldimolas; 
thpBe  are  at  the  top  of  tlie  page  in  Iha 

chapter  or  tlutc,  or  both  of  tbem ;  side 
notes  or  marginal  uoteii,  -whiahgivoou 
abstract  of  tho  text,  as  id  Bcte  or  ^rlia- 
parallel  passagei,  and  different 


«ndini 


0  upper 


and  bottom 
■nerally 


hiirJpned  by  a  careful  process  after  the 
engraving;  tliedevice  is  transferred  fVom 
the  hardened  block  to  the  convex  aur- 
I'aco  of  a  small  aoft  alcci  roller,  by  in- 
tense pressure;  the  roller  is  hardened, 
and  tho  device  is  transferred  from  it  to 
any  nntnber  of  sot^cned  steel  plates ; 
theio  plates  are  hardened  alter  the  trans- 
fer, and  are  then  in  a  state  to  be  printed 
Il-om.  By  this  beautiful  train  or  opciB- 
tions,  one  originally  engraved  block  ia 
mailn  to  snHice  for  an  almost  endless 
ibcr  of  engravings.     The  mode 


lich  the 


plaifil 
Wadll 


emblems,  and  the 

led  aa  to  render  fori^ry  dllB- 
nmnbcriiii-  is  a  remarkalile 

"'   '  ■■  '  ^n  notches,  leaviiyj  a 
.  v......  pair,  engraved  with 

nuniticrii  from  1  to  0,  are 
a  pbnit :  a  imrtion  of  tlieir 
la  tnrned  down  abant  one 
depib.baviniiB  boss  or  collar 


^idcd 


kutJ 


OYOLOPBOIA   OF  THE   U8SFUL  ABtfi. 


899 


tenth  of  its  entire  droamferenoe,  bring- 
ing regularly  forward  the  numbers  from  1 
to  0.  w  hen  the  figure  0  is  reached,  the 
latch  of  the  second  wheel  is  depressed, 
and  the  wheel  moves  forward  one  divi- 
sion, making  the  tens.  The  same  process 
is  repeated  with  regard  to  the  other 
wheels,  and  thus  any  amount  of  num- 
hen  can  be  registered,  by  simply  increas- 
ing the  number  of  wheels  in  proportion. 
Haohines  of  this  kind  are  extensively 
adopted  in  the  Bank  of  England ;  with,  of 
coarse,  an  inking  apparatus  to  apply  to  the 
types.  A  patent  was  taken  out  m  1 844  for 
a  mode  of  printing  bank-notes  intended  to 
obviate  the  liability  to  forgery.  The  sur- 
face is  covered  with  two  designs,  one 
l^metricullv  regular,  and  the  other  verj' 
irreffular ;  the  two  designs  are  engraved 
on  difTerent  plates,  and  arc  printed  with 
different  inks,  the  one  with  visible  and 
the  other  with  invisible  ink.  Both  of 
the  inks  are  delible,  or  removable  by 
ehemical  means ;  and  the  usual  engrav- 
ing of  a  bank  note  is  printed  on  paper  so 
prepared.  The  rationale  of  the  sugges- 
tion is  this — that  whatever  means  u  for- 
ger might  take  to  alter,  by  chemical 
agency,  the  letters  or  figures,  or  to  trans- 
fer them  by  lithographic  or  anastic  pro- 
cesses, the  state  of  tlie  paper  would  be- 
tray him;  for  ho  would  remove  some 
parts  of  the  design  in  the  one  case,  and 
fail  to  transfer  in  the  other. 

NOVACULITE.  The  stone  of  which 
hones  are  mode  for  sharpening  razors.  It 
is  of  a  slaty  structure,  and  owes  its  quali- 
ty of  giving  an  edge  to  the  metal  to  the 
line  silicious  particles  which  it  contains. 

NUT  OF  A  SCREW.  In  architec- 
ture, a  piece  of  wood,  iron,  or  other 
metal,  pierced  cylindrically,  wherein  is 
cut  a  spiral  groove,  adapted  to  an  exter- 
nal cylindricul  spiral  cut  on  a  bolt.  Its 
use  is  to  screw  two  bodies  together,  a 
head  being  placed  on  one  end  of  the  bolt 
to  counteract  the  action  of  the  nut.  Two 
bodies  are  thus  held  tofrether  by  com- 
pression, the  bolt  between  the  head  and 
the  nut  bein^  a  tic. 

NUTS.  The  fruit  of  different  species 
of  Coryli  or  hazels.  The  kernels  have  a 
mild  farinaceous  oily  taMtc,  agreeahlo  to 
most  palates  ;  a  kind  of  chocolate  has  been 
prepared  from  them,  and  they  have 
sometimes  been  made  into  breaa.  The 
exprc.'*8ed  oil  of  hazel  nuts  is  little  infe-  ' 
rior  to  that  of  almonds*.  Besides  those 
raised  at  home,  nuts  arc  imported  from 
dilferent  parts  of  Frum-o,  rortu^'ul,  and 
Spain,  but  chiofly  from  the  latter.  The 
Spanish    nuts    in    highest    estimation,  . 


though  sold  by  the  name  of  Baroelona 
nuts,  are  not  shipped  from  thence,  but 
from.  Tarragona,  whence  the  average  an- 
nual ext)ort  is  estimated  at  from  25,000  to 
80,000  bags,  four  to  the  ton. 

NUTTALITE.  A  mineral  associated 
with  calcspar,  from  Bolton,  in  Massaohu- 
setts :  it  occurs  in  prismatic  crystals,  and 
appears,  from  Dr.  Thomson^s  analysis, 
to  be  an  aluminO'Silicate  of  lime,  potash, 
and  iron. 

N  UTMEG-TKEE.  A  native  of  the  Mo- 
lucca,  or  Spioe  Islands,  principally  con- 
fined to  that  group  denominated  the 
I^«lands  of  Banda,  lying  in  lat.  4P  Z& 
south.  It  bears  both  blossom  and  fVuit, 
at  all  seasons  of  the  year,  and  assists 
with  other  aromatic  trees  and  shrubs,  to 
form  that  atmosphere  of  f^a^rance,  in  the 
upper  regions  of  the  air,  m  which  the 
natives  believe  the  birds  of  paradise  per- 
petual I  v  float. 

While  the  Dutch  remained  possessors 
of  the  Spice  Islands,  the  quantity  of 
nutmegs  and  mace  exported  from  their 
nutmeg-grounds,  circumscribed  as  they 
were,  was  enormous :  250,000  lbs.  annu- 
ally used  to  be  vended  in  Europe,  and 
nearly  half  that  amount  in  the  East  In- 
dies. Of  mace^  the  average  has  been 
90,000  lbs  sold  in  Europe,  and  10,000  lbs. 
in  the  East  Indies. 

When  the  Islands  were  taken  by  the 
British,  in  1796,  the  importations  of  the 
East  India  Company  into  England  alone, 
in  the  two  years  lollowing  tlie  capture, 
were,  of  nutmcffs,  129,782  lbs.,  and  of 
mace  286,000  lbs.  When  the  crops  of 
spice  were  superabundimt,  and  the  price 
likely  to  be  reduced,  the  Dutch  destroyed 
immcn.HC  quantities  of  the  fruit.  A  Hol- 
lander informed  Sir  Wm.  Temple,  that, 
at  one  time,  he  saw  three  piles  of  nut- 
mejfs  burnt,  each  of  whicn  was  larger 
than  a  church  could  hold. 

In  the  Moluccas,  the  gathering  of  the 
fruit  takes  place  at  three  periods,  in  July 
or  Aufifust,  when  the  nutmegs  are  most 
abundant,  but  the  mace  thinner  than  in 
smaller  fruit.s,  gathered  in  November ; 
the  third  harvest  is  in  March  or  April, 
when  the  nuts,  as  well  as  the  mace,  are 
in  the  greatest  perfection.  The  outer 
pulpy  coat  is  removed,  and.  afterwards, 
the  mace,  with  a  knife.  The  nuts  are 
placed  over  a  hIow  tire,  when  the  shell 
becomes  very  brittle,  and  the  seeds,  or 
nutiiu  ;;s,  drop  out ;  tlicso  are  then  soaked 
in  sea-water,  and  impreiriiatod  with  lime, 
a  process  whicii  answers  the  double  pur- 
pose of  securing  the  seeds  from  the 
attack  of  insects,  and  of  destroying  theit 


orcLOPcniA  or  tbb  vaswvL  akk. 
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vegotatine  propar^.   It  ftarther  imvento 

the  Tolatinntion  of  the  tromK.  The  m*oe 
li  Bimpl;  dried  in  the  inn,  end  then 
■prinkhd  with  lalt-mter,  attar  vhiob  it 
ia  flt  tor  eiponetioD. 

The  color  vhen  ftwh  la  a  brilliant 
■carlet  When  drr,  it  boooraes  much 
more  homy,  of  a  yel  tow-brown  color,  and 
very  brittle.  The  ehell  very  hnrd,  mgeed 
dArk-biown,  gloasy,  aboat  half  a  line 
thick,  paJe  and  smooth  within,  Thio 
immiidiBtaly  ecvelopea  the  aeed,  or  nut- 
meg, which  IB  of  an  oval  elliptical  form, 
pule  browQ,  qnito  nmooth,  when  flrat  de- 
prived of  ita  ahell,  but  eoon  boGomee 
•lirivelled,  »o  m  to  have  irregular,  verti- 
cal 11  net,  or  furrowa  on  itsnurrscc.  IW 
onlaide  very  tlnn ;  ite  inner  Bubi^tance  or 
albnmen  ia  (Irm,  but  fleahy,  whitiali,  but 
ao  travened  with  red-brown  veins,  whicli 
abound  in  oil,  u  to  appear  beauUfuliy 
marbled.  Xear  the  base  of  the  albumen, 
and  imbedded  in  a  cavity  in  ite  Kubttance, 
ii  aitualed  the  embryo,  whieh  ia  larire, 
fleshy,  yello'"i-^--'i"'"   •^i.-'i-.'i  i.^'™ 


rodicl' 


tyledor 


>,  plic. 


NUTRIA.  The  commercial  name  for 
the  akina  of  Mar-potamui  Bonaritrult, 
the  Cogpaa  o{  Molina,  and  the  Quoii/a  or 
D'Aiara.  In  France  the  skina  were, 
and  perhap*  atill  are,  sold  under  the 
name  of  mowiula  ,■  but  in  England  lliey 
are  imported  ax  nutria  ekins— deriving 

aome  aiipponed  aimilarity  of  Che  aniinal 
which  pnidueeB  them,  in  appearnnce  and 
habits,  1o  the  otter,  the  Spjinish  name 
for  which  la  nutria.  Indeed,  Molina 
•peoka  of  the  coypou  as  a  apeclcs  of  water- 
IM  of  the  alia  ond  color  of  tlio  otter. 

Id  England,  nntriafarisiarirely  usedin 
the  hat  manufactare.  and  hiis  become, 
within  the  last  IS  or  20  years,  nn  nrtielc  of 
very  considerable  commercial  iinportunce. 
The  importa  Hactaato  considerably.     In 


18S8,  thev  amounted  lo  l,S-0.in, 


IS3,  they  an 
lUheyhav. 


srs 


year,  been 


S»8,liS0  skins  a  year.  Those  entered  for 
home  coDflumption  pay  a  duly  of  lid.  a 
akin.  They  are  priticipilly  hroiuht  from 
the  Rto  de  U  I*lula.  Nulriu  shins  arc 
very  extensively  uncd  an  the  contincuL 
Geoffrey  mentions  that,  in  certain  years, 
aaiDirle  French  furrier  (M.  Bcolicm;  liaa 
reeeived  from  l.^uOOto  IM.Oi'O  sliins. 
Like  the  boavcr,  the  cuyivju  i^!  fur- 


nlahedwlth  two  kinds  of  hr— vii.,  Uw 
long  ruddy  h^r,  which  ^ves  the  lone  of 
color,  and  the  brownish  aah-colored  fur 
at  ita  baae,  which,  like  the  dowD  of  tbe 
'    iver,  ie  of  much  itnportano 


makint 

.  and  the  taDse  of  (ha  animal'a 

commermal  valoe. 

Tti,. 

>ML'  ofthe  covpon  are  mnbb  lika 

thoa. 

'  ,  "t.'il'thc  other  aqDstic  Rodent 

nalu'. 

1'"^  pnncLpiil  lood,  in  aslaLa  or 
,-  i.L'cUible.  It  nffedstheneigh- 

horh'M 

1  ..f  water,  awims  perfectly  well. 

and'-' 

,  'i"-  ill  the  ground.    The  femala 

brinj,.- 

and',, 

.V  ..iiiii!  always  .company  hw. 

_  Th.. 

OAI 

1  ■-  Jii  (aplivity  lire  very  mild. 

knoi., 

culti.., 

i  r>.rilir.purp'*c»oftituber,par- 
,■.  flup-buildinji,  and   in  other 

caeca  . 

.  r..  „L,,cli  exposure  to  the  weath- 

.■,,nil.    There  are  several  vario- 

tiea  ,.: 

■;:-          able  tree    but  the  con 

ak    ^wrcwr  rvAur)  da  ms 

e  er    o  her  of  Fnmpoiui 

O' 

[■       1,       t        k     rt     1  nl  the 
ak 

speai 

;ir.                                              best 

iTmh^' 

known      Some  Umber  la  harder 

ore  d  fH  ult    o  rend    and  soma 

kJ,"™? 

able  of  be    g  broken  across ,  but 

great  ond  equal  proporliona  ;  and  (hiia. 
for  at  once  supporting  a  weight,  reoixting 
a  strain,  and  not  sjil i uteri ng  by  a  cannon- 


Btaiid*  up  against  th 
take,  like  other  tree! 


dar  of  Leban 
for  tl 


wind!!.    Except  the  ce- 
: ^^-'■-ible 


.    hey  do 

not  exactly  spring  ttom  tbe  trnnh,  but 
divide  from  it;  tuid  thus  it  ia  aometimea 
ditflcult  to  know  which  ia  alem  and  which 
is  brunch.  The  twisted  brunchea  of  tiia 
onk,  too,  add  greatly  to  ita  beauty;  arvd 

I'ercigiily  over  all  the 
trees  ofliiB  forest. 

The  oak  ia  raised  fhim  oroms,  sown 
cither  where  tbe  oat  is  lo  stand,  or  in  a 
nurnery    whence    the    young    treea  oifl 

The  color  of  oak  wood  ia  a  flue  brown. 


oak] 
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and  is  fhmilfair  to  eyerr  one :  it  is  of  dif- 
ferent sh'ides  :  that  inclined  to  red  ie  the 
moet  inferior  kind  of  wood.  The  larver 
tnuuverse  septa  are  in  general  very  di»- 
tinot,  prodnomffbeautiral  flowers  wlien 
cat  obliquely.  W  here  the  septa  are  small 
and  not  very  distinct,  the  wood  is  much 
the  strongest.  The  texture  is  alternate- 
ly compact  and  porous ;  the  compact  part 
of  the  annual  nng  beinff  of  the  daricest 
colors,  and  in  irre^rular  dots,  surrounded 
by  open  pores,  pnxludng  beautiful  dark 
veins  in  some  kinds,  particularly  pollard 
oaks.  Oak  timber  has  a  particular  smell, 
and  the  taste  is  slightly  astringent.  It 
contains  ^lio  acid,  and  is  blackened  by 
contact  with  iron  when  it  is  damp.  The 
young  wood  of  English  oak  is  very  tough, 
often  cross-grained,  and  difficult  to  work. 
Foreign  wood,  and  that  of  old  trees,  is 
more  brittle  and  workable.  Oak  warps 
and  twists  mucli  in  dryinsr ;  and,  in  sear- 
soning,  shrinks  about  l-32d  of  its  width. 

Oak  of  a  (rood  quality  is  more  durable 
than  amr  other  wood  that  attains  a  like 
alze.  vitru  vius  says  it  is  of  eternal  dura- 
tion when  driven  into  the  earth  :  it  is  ex- 
tremely durable  in  water;  and  in  a  dry 
state  It  has  been  known  to  lost  nearly 
1CK)0  years.  The  more  compact  it  is,  and 
the  smaller  the  pores  are,  the  longer  it  will 
last ;  but  the  open,  poroas,  and  foxy-col- 
ored oak,  which  grows  in  Lincolnshire  and 
some  other  places,  is  not  near  so  durable. 

Besides  the  common  British  oak  {Quer- 
evs  rohnr),  the  sessile-frnitcd  bay-oak 
^Qutreu$  sesalliflara)  ia  pretty  abundant 
in  several  parts  of  England,  particularly 
in  the  north.  The  wood  or  thut  species 
ia  said  by  Tredgold  to  be  darker,  heavier, 
harder,  and  more  elastic  than  the  com- 
mon oak ;  tough,  and  difficult  to  work ; 
and  veiy  subject  to  warp  and  split  in  sea- 
soning. Mr.  Tredgold  seems  aisposed  to 
regard  this  species  as  superior  to  tne  com- 
mon oak  for  shipbuilding.  But  other,  and 
also  very  high  authorities,  are  opposed  to 
him  on  this  point ;  and,  on  the  wnole,  we 
should  think  that  it  is  sufficiently  well 
established  that  for  all  the  great  practical 
purposes  to  which  oak  timber  is  applied, 
and  especially  for  shipbuilding,  the  wood 
of  the  common  oak  deserves  to  be  pre- 
ferred to  every  other  species. 

The  oak  is  among  the  most  useful  pro- 
ductions of  temperate  climates,  with  the 
exception  of  a  few  on  the  monnttunons 
part*  of  the  equatorial  regions.  More 
than  eighty  species  are  known,  of  which 
one  hiJf  inhabit  North  America,  either 
within  the  territor}'  of  the  United  States, 
or  on  the  mountains  of  Mexico.    The 


white  oak  {Q,  afba)  is  one  of  the  most 

valuable.    It  extends  fk-om  Lat  46^  to  Flor- 
ida, and  fW>m  the  Atlantic  to  a  litUo  west 
of  the  Mississippi.    It  attains  the  height 
of  seventy  or  eighty  feet,  with  a  trunk 
six  or  seven  in  diameter.    It  is  usual, 
after  stripping  the  oak  of  its  bark,  to 
leave  it  standing  for  three  or  four  years 
befbre  it  is  cut  for  use.    This  species,  and 
the  ttiUata^  are  the  species  which  Ibmiah 
staves  for  casks,  of  whieh  the  consump- 
tion is  immense.    White  oak  timt>er  u 
imported  in  immense  quantities,  flrom  the 
ports  of  the  Northern  and  Middle  States; 
and  that  brought  fh>m  Quebec  is  procur- 
ed chiefly  on  the  borders  of  Lake  Cham- 
plain,  in  the  states  of  New  York  and  Ver- 
mont.    It  is  also  used  for  making  the 
keels  and  knees  of  ships.    The  Q.  fnacro- 
carpa  is  remarkable  for  the  large  size  of 
the  leaves  and  acorns,  but  the  wood  is  of 
little  value.    The  Q.  lyrata  is  exclusively 
conflned  to  wet  swamps.    The  acorns  are 
nearly  covered  bv  the  cups.    The  timber 
is  luTge  and  highlv  esteemed. 

The  live  oak  {Q.  virtna)  is  a  tree  of  the 
very  first  importance.  It  is  fuund  grow- 
ing along  the  Atlantic  shores  of  the  Unit- 
ed Staten  for  1600  miles,  fVom  Norfolk 
southwards.  The  leaves  are  evergreen, 
coriaceous,  and  entire.  It  does  not  usu- 
ally attain  greater  height  than  forty  or 
forty-five  feet,  with  a  trunk  one  or  two  in 
diameter,  but  the  wide  and  branching 
summit  riirnishcs  knees  of  vessels.  The 
wood  is  used  for  the  naves  and  felloes 
of  heavy  wheels,  for  which  purposes  it  is 
fur  superior  to  the  white  oak,  us  well  as 
for  screws  and  the  cogs  of  mill-wheels. 
In  the  Southern  States  it  is  used  for  the 
frame-work  of  ships,  and  is  looked  on  to 
be  as  durable  as  any  European  variety. 
The  bark,  too,  is  excellent  for  tanning. 
The  black  or  quercitron  oak  ( Q,  tinctorui) 
is  a  large  tree,  found  throughout  the 
United  States  south  of  latitude  43°,  and 
abundimt  in  the  Middle  States.  It  is  re- 
cognized by  the  yellow  stain  which  it 
gives  to  the  saliva  on  being  chewed.  The 
wood  is  reddish  and  coarse-grained,  and 
is  tVec^uontlv  substituted  for  white  oak  in 
building.  It  fhrnishes  a  large  proportion 
of  the  red  oak  staves  which  arc  exported 
to  the  West  Indies,  and  the  bark  is  ex- 
tensively employed  in  tanning.  From 
the  cellular  integument  quercitron  is  ob- 
tained— ^an  article  extensively  employed 
in  dyeing  wool,  silk,  and  paper-hangings, 
and  whieh  fonns  an  importjint  article  of 
export  from  Pliilodelphia.  The  cork  oak 
{Q.  tuber)  furnishes  the  cork  of  com- 
merce,  which  substance  is    the   outer, 
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thickf  fnn^ooB  coverinsr  of  the  bark,  and  or  between  two  pins  called  thole  ^mu*  or 

ia  detached,  at  intervals  of  ten  or  twelve  one  thule  pin  with  aloo»e  strap  for  oon- 

yeara,  for  as  manv  a-s  twelve  or  iit^ccn  fining  the  oar.    There  are  various  naati- 

times,  but  after  the  iifth  or  Fixtli   the  cal  phrases  oontingcut  upon  this  term,  a 

quality  de|2renerates.    If  not  removed  af-  few  of  which  mav  not.  perhaps,  be  out  of 

ter  a  certain  period,  it  splits  and  fulls  off,  place  here.     To  Loat  the  oars,  signifies  to 

and  is  replaced  by  a  new  growth  beneath,  i  fay  them  in  from  rowing;  to /cdUier  the 

In  some  countries,  where  cork  is  abun-  .  oavy  to  hold  the  blade  horizontally,  so  as 

dant,  the  inhabitants  use  it  for  lining  or  '  not  to  catch  the  wind ;  to  Us  on  the  oam^ 

covering  their  houses.    When  burnt  in  to  suspend  rowing  for  any  interval;  this 

dose  vessels,  a  black  powder  is  obtained,  !  is  also  the  salute  jriven  to  persons  of  dls- 

known  under  the  name  oi  Sitanish  bUick.  Unction  in  pa.*^sjng:  to  elitp  and  unship 

The  cork  oak  is  cultivated  in  Spain,  Por-  the  cAirfty  re.s[>ectiveiy  to  &c  and  throw 

tugal,  and  the  south  of  France.     It  is  best  [  them  out  of  the  rowlocks, 

adapted  to  a  dry,  sandy,  mountiunous  [      OATS.      The  arena  sativa.     Natural 

soil,  and  is  never  found  in  limestone  dis-  family  graminece.     A  gramineous  plant 

tricts.  '  churacteriried  by  a  loose  compound  omial 

To  ascertain  the  strengtli  of  New  For-  ,  panicle  and  two-flowered  spikelot.  The 
est  oak  (EnglislO,  a  seasoned  stick  of  tlm-  '  oat  is  very  extensively  cultivated  in  most 
ber  was  selected  in  April.  From  about  of  the  northern  countries  of  Europe  as  a 
midway  between  the  centre  and  ciroiiin-  bread  corn.  It  has  long  occupied  the 
ferenceof  the  tree,  and  beginning  at  about  same  place  in  Scotland  that  rye  occupies 
four  feet  from  the  crround  end,  a  piece  of  in  Ocrmany  and  the  potato  in  Ireland, 
very  good  and  perfectly  sound  timoer  was  '  In  England  it  is  chietly  used  in  the  feed- 
cut,  and  reduced  to  the  dimensions  ut"  five  ,  ini;  of  horses;  but  there,  also,  it  is  used 
inclies  square,  and  eleven  feet  long.  It  j  to  a  considerable  extent  as  food  for  man, 
was  laid  across  two  uprights;  and  a  rouirh  partioularly  in  the  northern  counties, 
scale-like  platform  to  contain  tlie  Wi-ij'bt,  \  There  are  leadini;  varieties  of  the  com- 
formed  ot  a  very  larire  plank,  was  sus-  '  mon  oat  cultiv:»ted  in  England — black; 
pended  from  the  centre  by  a  stron:;  liin-  gray,  dun-lmnvn.  or  red;  and  white. 
Der  chain.  Uivni  this  ])lftltbrm,  piece  ,  The  first  two  varieties  being  compara- 
afker  piece  was  laid  of  hard  Purbeck  stone,  tively  hardy,  mav  be  raised  on  very  in- 
until  it  became  evident  that  there  was  ferior  soils,  and  in  situations  unsuitable 
FutBcient  to  etlect  the  fracture,  and  in  a  ,  l"i»r  the  other.  The  black  is  now,  liow- 
few  seconds  the  whole  tV-ll  to  the  crround.  ,  ever,  hardly  known  in  Eiiijland  ;  but  it  is 
The  stones  eni]>I()ved  were  then  vvcii^hed,  i  still  cultivated  to  a  considerable  extent  in 
and  the  wei^rlit  of  the  platt'onn  and  chain  seme  ]xirts  of  the  }liL,dilands  of  Scotland, 
being  abided,  it  was  found  that  the  wjirw-  ami  in  the  Western  lslan<ls.  The  dun  or 
gate  weiirht  by  whieli  tlie  ol>j(>(t  had  lu'cn  red  oat  is  principally  confined  to  the 
obtained,  was  OtMjl  ponn(.l>,  or  4  tons,  3  !  moors  of  Chesliire.  Drrbyshire,  and  Staf- 
quarters,  and  17  pounds.  '  fonlshire.    White  oats  are,  si)eaking  pen- 

Onkftirl',  in  the  inner  cortii\il  of  younrr  '  erally.  less  liardy  than  either  of  the  other 
trees,  eontaiiH  77  of  HI  of  tlie  tannin  varieties,  and  reciuire  a  better  8oiI,  but 
principK'.  Tlu-  cellular,  or  middle,  only  thev  are  also  earlii-r,  heavier,  and  \ield  a 
19  of  43,  and  the  external  part  scaively  '  tr>*<-ater  quanity  of  meal.  There  are  num- 
nny  tannin.  In  spriiii:,  the  tannin  is  bcrle^s,  and  some  whlely  ditferent  sub- 
more  than  in  winter.     S*rT\s.  I  varieties  of  the  white  oat.     That  which 

OAKUM  is  the  sub>ran('e  into  wliich  j  is  called  the  potato  oat  has  long  enjoye«l 

old  ropes  are  reduced  when  they  are  un-  the  liitrhest  reputation  in  England,  and 

twisted,    loosened,  and   drawn  asunder,  is  alnujst  the  only  varietv  that  is  at  prcs- 

It  is  principallv  n.-'etl  in  calkinLTtheseains,  '  en t  raised  on  good  land  "in  most  parts  of 

tree-nails,  aiKl  bends  of  a  shi]),  for  stop-  Eiiuland  and  the  south  of  Scotland.     The 

piriLT  or  prcventinir  leaks.  produce    of    oats    varii*s    very    trreatly. 

0.-\K.     In  nautical  alfaii-s,  a  lontr  piece  '   When  the  gTound  is  foul  or  exliaustc-d, 

of  timber,  Hat  at  f)ne  end,  and  round  or  not  more  than  2o  bushels  an  acre  are  oh- 

square   at   the    other,  >«y  which  a   b'^at.  taiiicd:  Imt  in  a  rich  soil  well  manaLred, 

bari^'o,  or  galU-v,  ike,  is  [.ro]*flle(l  thronL'h  aiul  in  favorable  yrars,  i')(\  7<'.  and  sr.me- 

the  water.     Tin*  tlat  {).irt  ilipixjd  into  the  times  even  ^o  bu"^lK•Is  and  uj»wards  have 

water  is  called   the /'/^/^/^  ;  the  other  end  l)een    reaped,  weiirhinir  J'roni    JJ.')  lbs.  to 

is    the    loom,    which    terminiites    in    the  4.">  lbs.  a  liu>liel,  and  yieldincr  7  lbs.  meal 

hamlle.     The  fulcrum  of  the  r^ar  is  the  for  M  lbs.  oat^s ;    but*  the    proportion   of 

hole  in  the  gunwale  called  the  rowh>cl\  mealincreasen  as  the  oats  become  heavier. 
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In  this  country,  on  averaffc  soils,  the 
yield  is  from  40  to  50  buanels,  but  on 
rich  land,  it  goes  up  to  120  bushels.  It  is 
the  common  white  oat  which  is  most 
raised  here.  In  Western  New- York  the 
black  oat  is  preferred,  and  the  Egyptian 
oat  south  of  Tennessee.  The  latterVarely 
Ifives  20  bushels  of  ripe  grain.  It  is  by 
far  the  best  food  for  working  cattle  or 
horses.  There  is  a  veryjjood  analysis  of 
oata,  made  by  Professor  Norton,  of  New 
Haven.  In  nutritious  properties  it  stands 
next  to  wheat,  and  above  rye,  barley,  and 
rice. 

OBJECT-GLASS  (of  a  refracting  tele- 
Bcope  or  microscope).  The  lens  which 
first  receives  the  rays  of  light  coming  di- 
rectly from  the  object,  and  collects  them 
into  a  focus,  where  tliey  form  an  image 
which  is  viewed  through  the  eye-glass. 

The  excellence  of  an  object-glass  de- 
pends on  the  distinctness  of  the  image 
which  it  forms.  On  account  of  the  un- 
equal rcfrangibility  of  the  rays  of  light,  it 
is  necessary,  in  or^er  to  procure  u  distinct 
image,  to  employ  an  achromatic  combin- 
ation of  lenses,  formed  of  substances  hav- 
ing different  dispersive  powers,  and  of 
such  figures  that  the  aVwrration  of  the 
one  may  be  corrected  by  that  of  the  other. 
The  substances  chiefly  used  are  crown- 
glass  and  flint-glass  ;  the  dispersive 
rwers  of  which  are  respectively  as  »3  to 
By  combining  a  convex  lens  of  crown- 
^lasB  with  a  concave  lens  of  flint-glass, 
having  their  focal  distances  in  that  pro- 
portion, an  ima^e  would  be  forincd  free 
from  color,  but  it  would  not  be  free  from 
aberration.  The  determination  of  the 
form  of  the  compound  lens  which  shall 
give  the  least  possible  aberration  for  f>ar- 
allel  rays  is  a  problem  wiiich  admits  of 
exact  cailoulation.  The  following  are  the 
dimensions  found  by  Sir  John  llerschcl 
for  an  object-glass  of  thirty  inches  focal 
length,  tne  convex  lens  of  whivli  was 
of  common  glass,  the  outside  towards  the 
object,  and  the  concave  lens  of  flinl-^'Inss 
on  the  side  next  the  eye  :  radius  of  the 
exterior  surface  of  the  crown  lens,  2U'()3<)4: 
inches  ;  radius  of  the  exterior  surface  of 
the  flint  lens,  41-1687  inches;  radii  of  the 
interior  surt'aces.  10-l>j<)4  and  10-1613 
When  the  lenses  have  the  forms  here  in- 
dicated, the  focal  lenfrths  of  each,  separ- 
ately, are  in  the  dircot  ratio  of  their  dis- 
gersive  powers  ;  and  the  two  inside  nur- 
u-es  have  so  nearly  the  same  curvature 
that  they  may  be  ground  on  the  same 
tool,  and  uriitetl  by  a  cement  to  prevent 
the  loss  of  lifirht  at  the  two  surfaces. 

Such  are  the  forms  indicated  by  theorj' ; 


but  the  practical  difflcnltics  of  forming  a 
good  achromatic  object-glass,  for  a  tele- 
scope of  largo  size,  are  so  great  that  it 
often  costs  more  than  all  the  rest  of  the 
instrument.  This,  however,  principally 
arises  tYom  the  extreme  ditficulty  of  pro- 
curing disks  of  flint-class,  above  a  cer- 
tain size,  sufficiently  free  from  veins  and 
imperfections  as  to  be  fit  for  the  purpose. 
No  object-glasses  of  a  larger  size  than 
seven  inches  diameter  have  been  made  of 
glass  manufactured  in  England  j  and.  not- 
withstanding the  success  of  iraunhofer 
at  Munich,  and  of  Guinaud  in  Switzer- 
land, the  procuring  of  flint-glasa  fit  for 
object-lenses  of  a  larger  size  seems  to  be 
still,  in  a  considerable  degree,  a  matter  of 
accident.  Fraurdiofer  executed  a  telescope 
for  the  Russian  ob.<ervatory  at  Dorpat, 
having  an  object-glass  of  9  inches  diame- 
ter. Another  was  prepared  by  him  for 
the  Kimr  of  Bavaria,  ot  12  inches  diame- 
ter. Tlie  object-glass  of  Sir  James 
South's  large  telescope  at  the  Campdeu 
Hill  observatory  is  nearly  18  inches  in 
diameter,  and  was  executed  in  Paris  of 
glass  manufactured  by  Guinaud. 

In  the  fine  telescopes  formerly  con- 
structed by  Dollond,  the  object-glasses 
were  composed  of  three  lenses,  the  two 
exterior  ones,  being  of  crown-glass,  and 
convex,  and  tlic  interior  of  flint  and  con- 
ctiVe.  This  combination  gives  a  more 
perfect  correction  of  the  spherical  abrera- 
tion  ;  but  the  advantage  is  more  than 
balanced  by  the  greater  complexity  of 
their  construction,  the  risk  of  imperfect 
centering,  and  the  loss  of  light  at  ibe  six 
surtaces.  Tiiey  have  accordmgly  been 
disused. 

Various  attempts  have  been  made  to  dis- 
pense with  the  concave  flint  lens,  by  the 
substitution  of  some  other  refractive  sub- 
stance. J>r.  Blair  found  that  the  disper- 
sion of  crown -<rlass  was  corrected  by  a 
fluid  lens,  conipoHcd  of  a  mixture  of  solu- 
tions of  aninioniacal  and  mercurial  salts. 
He  succee<lcd  in  nuikitu:  object-glasses  in 
his  manner,  which  at  lirst  gave  pronnso 
of  answering  well ;  but  it  soon  appeared 
that  they  were  not  durable,  the  fluid 
underiroini?  .some  chemicxd  change  which 
entirely  tiestrovetl  its  virtue,  i'roi'essor 
Barlow,  of  Woolwich,  has  also  made  nu- 
merous experiments  on  this  subject.  His 
coincting  lens  is  lormed  ol'  the  liquid 
sulj'liuret  of  carbon,  intlosod  between 
two  tlisks  ol■>.■Ill^s.  aiid  u  riii</  of  tlu-  .same 
material,  the  fluivl  iH-inj.'  iiiliodiicid  at  a 
high  tcnij>eralurc.  A  iclescope  which  he 
maile  on  this  principle  had  a  single  ob- 
ject-lens of  7-b  inches,  and  the  fluid  lens 
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tioned  by  Pliny, 

ia  of  v»rion«  oolors,  moiilly  bl*ck,  buu 
neiiriy  opaqac ;  it  ia  liao  called  tolcanic 
flat*,  mad  resembles  the  coime  align  of 
{(lua  meldngi.  It  i>  occisioDall]^  made 
IDio  riom  and  ouCting  tools  in  Meiioa  and 
Peru.  It  is  ■  fiued  silicau  of  ■lumini 
with   >  little  poUsh  wid  proloiide   of 

OCnBE,  an  euth  colored  by  eome  tne- 
Ullicoiide.  Ochres  are  ^□cnJIj yellow, 
red,  and  brown  ;  the  tints  are moatly  pro- 
dniid  by  oiiile  of  iron,  and  the  darker 

The  earth 

eODljuned  originally  either  unlphuret  of 
iron  (pyntea),  or  ailicate  at  iron,  is  in 
Bssaltic  rock*,  which.  docompo«ing,  fur- 
nished oiido  of  iron  to  color  the  clay. 
Tliey  are  ground  and  utsed  for  out-door 
paintine,  and  us  a  polishing  subalanco. 

ODOMKrKIC  (Sec    pERAMBULATOIt). 

UIL.  Ti.e  term  oil  19  applied  to  two 
dinimilar  and  distinct  organic  products, 
Whifsli  are  usually  culled  Jiad  oils,  and 
wlatiU  oilx.  The  Bxed  or  fat  oils  are 
either  of  vegetable  or  animal  origin;  thev 
are  compounds  of  cdfixtn,  hydrogen,  and 
oxygen;  the  relative  proportions  vary 
but  little  in  tbe  Heveral  specicB.  The  fal- 
lowing aualyscs  of  olive  sad  spermaceti 
fnl  may  bo  assumed  as  types  of  the  rest; 
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newly  ao:  some  or  these  require 
tamperature  far  their  congelation,  s 
lioseed  oil;  otiiers,  such  a:<  olive oi 
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ho  vegetables,  which  afford 

tfiem,    will, 

V    fluctuate    in 

density  a  ;,< 

e  on  eilhtr 

aide  of  water; 

ing  the  pt-rr'iiincd  or  niedicated  wat^t^ 
auch  as  roi-.  mid  neppcrtnini  water ;  Ihey 
are  mostly  t-ilubie  in  alcohol,  tbrminff 
easeDcea.  A  few  orthcm,  anch  H  oil  of 
turpentine,  i>r  lemon  peel,  of  copivi  bal- 
sam, Ac,  lire  liydroourbonia,  that  is,  eon- 


p^rnimery,  and  a  ftw  of  them  are  eilea- 
aivety  employed  in  the  arta  as  vehidet 
for  colora,  and  in  the  maDDractnrc  of  Tar- 
nishes ;  tbia  ia  especially  tbe  case  with 
oil  of  turpentine. 

The  fixed  or  (at  oila  arc  widely  distri- 
bated  through  the  oreaus  of  vegetabt* 
and  animal  nature.  They  are  touod  in 
tliE  acedii  of  many  planln,  associated  with 
mucilage,  especially  iu  those  of  the  dico- 
tyledinona  diias,  occasionally  in  the  fleshy 
pulp  anrrounding  some  seeds,  aa  tba 
olive ;  alao  in  Die  keTnela  ol  many  fmiis, 
aa  of  the  nut  and  almond  tree,  and  finally 
'I,  barks,  and  other  parts  of 


with  otiier  animal  u 

Brocoiinot,   but   particularly   RaspaiL 

small  microscopic,  partly  pnly^nal.  and 
jHirtly  rcniform  particles,  ossocialeii  by 
iOBiuia  of  their  conlainittg  aacs.  These 
may  be  separated  from  eaoti  other  by 
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tearing' tbe  rraent  bi  unndar,  riiuliur  It 
with  nter,  Mid  paui[u  it  through  i 
■Icve.  The  membnuiM  Ming  thox  r«- 
tAiiiedf  th«ffnnuLArpaTtideBareDba«rved 
to  float  in  tbe  witer,  snd  anerw&rda  w 
MparaU,  like  the  fclobalea  or  atBrch,  In  ■ 
white  palvemlent  Benii-cryBtaliDC  lona. 
The  partidea  oonfi^t  of  a  itrong  mem- 
bnneoas  skio,  Ineloiiiif  itiamte  uid 
tlaim,  oraoUd  and  Liqniil  Tut,  which  ma7 
be  cxtnctad  bj  tritantion  uid  preMQre. 
These  «re  %ht«r  th»n  ■>■-'- 
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oiled 


in  BlTong  dcohol,  dM  <Hj  principlo  di>- 
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■oItcs,  but  the  tUtj  membrati*  nnudnB. 
These  ^nnlen  liave  different  alxea  uid 
nluipea  ID  different  animftlfl ;  in  the  caJf. 
the  01,  the  sheep,  they  »re  polvBoii»l,  and 
(Vom  1-TO  lo  l4io  of  an  inch  id  diame- 
ter; in  the  hog  they  are  kidoey-ahaped, 
—  '  ' ■  —  -  ■  140  of  tn  ioch;  in 


1,  they  an 


i  in  insoda  tbey  are 


ou.. 

a,.,.  p.rit. 
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Cnena'nut  D<l 

Palm-air 

I^unl-wl 

0-M60 

nil  nrilndlii  nlgKiih'iJe 

ooao 

o^^^...::.:z:\:-. 

Oil«riho  nxiiBcifcjivrKiaH.. 

0-S130 

The  &t  oil*  are  contained  in  that  part  |  seedn  of  the  gnimineo  and  leEnmlnnM* 
of  the  aeed  wliich  iHvea  birth  lo  the  co)y-     contain  nn-ely  more  than  a  Iraeo  of  fkt 

nla  ani   radicle.     Of  all  the  famine*  of    Mnlnla.  contiiiiia  a'fnt  oil.    The  qiian- 
plants,   the  orndfonn  in   Ihc  rii-hpnt  in  ■  tilvoFoil  foniiBhcd  hy  socda  variea  not 

drnpaceo,  amenlarec,  and  aolanen.  Tbe  '  seed,  with  culture  and  climate.     Nats 
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contain  about  half  their  weis^ht  of  oil : 
tl  e  scoda  of  the  brassica  ouracea  and 
campsstrU.  oue  third ;  the  variety  called 
oolza  in  trance,  two  fifths;  hempsced, 
one  fourth  ;  and  linseed  from  one  fourth 
to  one  fifth.  Unverdorben  states  that  a 
last  or  ten  quarters  of  linseed  yields  40 
ahms=120  gallons  of  oil ;  which  is  about 
1  cwt.  of  oil  per  quarter. 

The  fat  oils,  when  first  expressed  with- 
out much  heat,  taste  merely  unctuous  on 
the  tongue,  and  exhale  the  odor  of  their 
respective  plants.  They  appear  quite 
neutral  by  litmus  paper.  Tneir  fluidity 
is  very  various,  some  being  solid  at  ordi- 
nary temperatures,  and  others  remaining 
fluid  at  the  freezing  point  of  water.  Lin- 
seed oil  indeed  does  not  conijcal  till  cool- 
ed from  4°  to  18^  below  0^  F.  The  same 
kind  of  seed  usually  atfords  oils  of  ditfe- 
rent  degrees  of  fusibility  ;  so  that  in  the 
progress  of  refrigeration  one  portion  con- 
cretes before  another.  Chevreid,  who 
was  the  first  to  observe  this  fact,  consid- 
ers all  the  oils  to  be  comriosed  of  two 
species,  one  of  which  resemolea  .<iift,  and 
was  thence  stvled  bv  him  sUurine  ;  and 
another  which  is  liquid  at  ordinary  tcni- 

Seratures,  and  was  willed  fla'uif^  or  oUine. 
\y  refrigeration  and  pressure  between 
the  folds  of  blotting  paper,  or  in  linen 
bags,  the  fluid  part  is  seimruted,  and  the 
solid  remains.  By  heating  the  paper  in 
water,  tho  liquid  oil  may  be  obtained 
separate.  When  alcohol  is  boiled  with 
the  natural  oil,  the  irroater  part  of  the  ' 
stearinc  remains  undissolved.  ' 

Oleine  may  also  be  procured  bydicrept- 
in?  the  oil  with  a  nuanlity  of  caustic 
soda,  equal  to  one  half  of  what  is  requi- 
site to  saponify  tiie  whole:  the  stearinc  is 
first  traiistornu'd  into  soap,  thou  a  por- 
tion of  the  ok'ine  uii«k'rLr'>e8  the  same 
change,  but  a  great  })art  ot"  it  remnins  in 
a  pure  state.  This  )«rocoss  sutv'i'dls  onlv 
with  recently  expressed  or  very  fresh 
oils.  The  ]>roperties  of  these  two  prin- 
ciples of  the  fat  oils  vary  with  tlie  nature 
ot  tho  respective  oils,  so  that  tiie  sole  ilit- 
ference  does  not  consist,  as  many  su[)- 
pose,  in  tne  ditrerent  prop')itioii-'  ot'tlie-<e 
two  bodies,  but  also  in  jM-niJiaiitie-i  ot"  the 
several  ttearines  and  o!elne-<,  which,  as 
extracte.l  from  •litlVrcnt  -^ceds,  solidify  at 
very  dilferent  temperature-. 

In  close  vessi'ls,  oiN  may  l)c  ]trc-crvod 
fresh  for  a  very  lonu'  time,  imt  with  con- 
tact of  air  they  undcriro  pro_'rc-»-ive 
chaUi^es.  Certain  oils  thicken  and  eveu- 
tuallv  dry  into  a  transfiareiit.  _\el!o\vi-.h, 
fle.vible  substance;  which  forms  a  skin 
upon  the  surface  of  the  oil.  and  retards 


its  further  alteration.  Sach  oils  i  re  said 
to  be  dn/ing  or  siccative^  and  are  used  on 
this  account  in  the  preparation  of  var- 
nishes and  painter's  colors.  Other  oils 
do  not  grow  dry.  though  thev  turn  thick, 
become  less  combustible,  and  assume  an 
ofi*ensive  smell.  They  are  then  called 
rancid.  In  this  atate  they  exhibit  an 
acid  reaction,  and  irritate  tho  fauces  when 
swallowed,  in  consequence  of  the  pre- 
sence of  a  peculiar  acid,  which  mav  be 
removed  in  a  great  measure  bv  boiling 
the  oil  along  with  water  and  a  little  com- 
mon magnesia  for  a  quarter  of  an  hour, 
or  till  it  has  lost  the  property  of  redden- 
ing litmus.  While  oils  undergo  the  above 
changes,  they  absorb  a  quantity  of  oxy- 
gen equal  to  several  times  their  volume. 
Saussure  found  that  a  layer  of  nut  oil, 
one  quarter  of  an  inch  thick,  inclosed 
along  with  oxyf^en  gas  over  the  surface 
of  quicksilver  in  the  shade,  absorbed 
only  three  times  its  bulk  of  that  gas  in 
the  course  of  eight  months;  but  when. 
exposed  to  the  sun  in  August,  it  absorb- 
ed GO  volumes  additional  in  the  course  of 
ten  days.  This  absorption  of  oxygen 
diminir^hcd  progressiveiv,  and  8topf)ed 
altogrethcr  at  the  end  ot  three  months, 
wlien  it  had  amounted  to  145  times  the 
bulk  of  the  oil.  No  water  was  generated, 
but  21  "9  volumes  of  carbonic  acid  were 
disentjaged,  while  the  oil  was  transform- 
ed in  an  anomalous  manner  into  a  gelati- 
nous mass,  which  did  not  stain  paper. 
To  a  like  absorption  we  may  ascribe  the 
elevation  of  temperature  which  happens 
when  wool  or  hemp,  besmeared  with 
olive  or  rapeseed  oil,  is  left  in  a  heap; 
eireumstances  under  which  it  has  fre- 
quently taken  fire,  and  caused  the  de- 
struction of  both  cloth-milLs  and  dock- 
yar.ls. 

In  illustration  of  these  accidents,  if 
j^aper,  linen,  tow,  wool,  cotton,  mats, 
straw,  wo»,l  shavintrs,  moss,  or  soot,  he 
imbued  sliirhtlv  with  linseed  or  hemp- 
seed  oil,  and  plaee<l  in  contact  with  the 
sun  and  air,  e>]ieeially  when  wrapped  or 
lulled  in  a  hcao.  they  very  soon  bccx>me 
si»^iitaneou>ly  not,  emit  i^tnokc,  and  fin- 
ally imrst  into  llames.  If  linseed  oil  and 
L'round  maiiLraiiese  be  triturated  toijether, 
the  sot'r  hun]>  so  farmed  will  sjieedily  be- 
come tirm.  and  ere  lonu'  take  tire. 

The  tat  oils  tire  completely  insoluble  in 
water.  When  airitated  with  it,  the  mix- 
turi'  becojiio  tiirbitl.  but  if  it  Iv  alK^wed 
to  settle,  ihe  "il  eollet-ts  by  itselt"  upon 
the  surtaee.  This  method  of  washing  is 
ot'ten  employed  to  purify  oils.  Oils  arc 
little  soluble  in  alcohol,*  except  at  high 
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temperaturea.  Caster  oil  is  the  onlj  one 
which  dia^olves  in  cold  aleoliol.  Ether, 
however,  is  an  excellent  solvent  of  oils, 
and  is  therefore  employed  to  extract  them 
from  other  bodies  in  anal^'sis  j  after 
which  it  is  withdrawn  by  distillation. 

Fat  oUs  may  be  exposed  to  a  consider- 
ably high  temperature,  without  under- 
going much  alteration;  but  when  they 
are  raised  to  nearly  their  boiling  point, 
they  begin  to  be  decomposed.  The 
vapors  that  then  rise  are  not  the  oil 
it«*elf,  but  certain  products  generated  in 
it  by  the  heat.  I'hese  changes  begin 
somewhere  under  600°  of  Fahr.,  and  re- 
quire for  their  continuance  temperatures 
always  increasing.  The  products  con- 
sist at  first  in  aqueous  vapor,  then  a  very 
inflammable  volatile  oil,  which  causes 
boiling  oil  to  take  fire  spontaneously ; 
and  next  carbureted  hydrogen  gas,  with 
carbonic  acid  ^as.  In  a  lamp,  a  small 
portion  of  oil  is  raised  in  the  wick  by 
capillarity,  which  being  heated,  boils  and 
bums.    (Sfi«  RoeiN-GAfl.) 

Several  fat  oils,  mixed  with  one  or  two 
per  cent,  of  sulphuric  acid,  assume  in- 
stantly a  dark  green  or  brown  hue,  and, 
when  allowed  to  stand  quietly,  deposit 
a  coloring  matter  after  some  time.    It 

Carbon. 

Castor  oil 74  00 

Siearine  of  olive  oil 82.17 

Olcine  of  do 7603 

Linseed  oil 76^1 

Nut  oil 79-77 

Oil  of  almonds 77*40 

De  Saussure  concludes  that  the  less  i 
fusible  fats  contain  more  carbon  and  le?a 
oxygen,  and  that  oils  are  more  soluble  in 
alchohol,  the  more  oxyfren  they  contain. 

Oil  of  almonds^  according  to  Gusseron, 
contains  no  stcarine ;  at  least  he  could 
obtain  none  by  cooling  it  and  squeezing 
it  sncccHsively  till  it  all  concfcalcd. 

OU  of  colza  is  obtained  from  the  seeds 
of  bra€gi<xi  camp*\<itriA^  to  tlie  amount  of 
39  per  cent,  of  tlieir  wcipfht.  It  fornn  an 
excellent  lamp  oil,  and  is  much  employed 
in  Fnuice. 

The  cort/hfsarellana  furnishes  in  oil  60 
I>cr  cent,  of  the  weit^ht  of  the  nuts. 

Ilempseed  oil  resembles  the  preecdin?, 
but  has  a  disagreeable  smell,  and  a 
mawkish  taste.  It  is  used  extensively 
for  making  both  sotl  soap  and  varnishes. 

JAnjifed  oil  is  obtained  in  ffreatest  puri- 
ty by  cold  pressure ;  but,  by  a  steam  heat 
of  about  200^  F.,  a  very  irood  oil  may  he 
procured  in  larger  quantity.  The  pro- 
portion of  oil  usually  stated*  by  authore  is 
22  per  cent,  of  the  'weight  of  the  seed  ; 


consists  in  a  chemical  combination  of  the 
sulphuric  acid,  with  a  body  thus  separat- 
ed from  the  oil^  which  becomes  in  con- 
sec^uence  more  limpid,  and  burns  with  a 
brighter  flame,  especially  after  it  is  wash- 
ed with  steam,  and  clanfled  by  repose  or 
filtration.  Any  remaining  moisture  may 
be  expelled  by  the  heat  or  a  water  bath. 

The  oils  combine  with  the  salifiable 
bases,  and  ^ive  birth  to  the  substance 
called  glyoermeyiXh^  sweet  principle,)  and 
to  the  margaric,  oleic,  and  stearic  acids. 
The  general  product  of  their  combination 
with  potash  or  soda,  is  Soaf,  which  see. 
Caustic  ammonia  cuanges  the  oils  very 
difficultly  and  slowly  into  a  soap ;  but  it 
'  readily  unites  with  them  into  a  milky 
emulsion  called  volatile  liniment,  used  as 
a  rubefacient  in  medicine.  Upon  mix- 
ing water  with  this  liquor,  the  oil  separ- 
ates in  an  unchanged  state.  By  longer 
contact,  ammonia  acts  upon  oils  like  the 
other  alkalies.  Sea-salt  dissolves  in  small 
quantity  in  the  oils,  and  so  does  verdigris. 
The  latter  solution  is  green.  Oils  die^ 
solve  also  several  of  the  vegetable  alkalies, 
as  morphia,  cinchonia,  quinia,  strychia, 
and  delphia. 

The  tollowing  is  the  chemical  composi- 
tion of  a  few  of  the  fixed  oils : — 


HYJrop<*n. 

Oxygfeo. 

Aioto. 

lO-.TO 

15-70 

11-23 

6-30 

0-30  Sau»9tire. 

11-&4 

12-07 

0-35         da 

11 -.35 

12-64 

do. 

10-57 

9-12 

0-54         do. 

11-48 

10-83 

0-29 

but  by  hydraulic  pressure,  from  26  to  27 
is  obtained.  It  dissolves  in  6  parts  of 
boiling  alcohol,  in  40  parts  of  cold  alco- 
hol, and  in  1-6  parts  of  ether.  When 
kept  long  cool  in  a  cask  partly  open,  it 
deposits  masses  of  wnite  stcarine 
along  with  a  brownish  powder.  That 
steariue  is  very  difficult  of  saponifica- 
tion. 

Musf^trd-set'd  oil.  The  w-hite  or  yellow 
seed  afTords  HG  per  cent,  of  oil,  and  the 
V)lack  seed  18  ner  cent.  The  oil  con- 
cretes wiien  cooled  a  little  below  32°  F. 

Aut  oil  is  at  first  greenish  colored,  but 
becomes  ])alo  yellow  by  time.  It  con- 
geals at  the  same  low  temjierature  as  lin- 
seed oil,  into  u  white  mass,  and  has  a 
more  drvinir  quality  than  it. 

Oil  of  (dirts  is  sometimes  of  a  crreeniah, 
and  at  others  of  a  pale  yellv>w  color.  It 
is  prepared  from  ripe  olives,  gathered 
late  in  autumn.  Tlio  pul^  is  separated 
from  the  kernels  by  y>assing  them  be- 
tween stones :  theyarc  then  pressed  in 
rush  bags  :  its  specific  gravity  is  915.     A 
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Ibw  degr<ci  above  88^  F.  it  besins  to  de- 
posit some  white  oraniiles  of  utearine, 
espedally  if  the  oil  liave  been  originally 
expressed  with  heat.  At  22°  it  deposits 
28  per  oenL  of  its  weight  in  stearine, 
which  is  fusible  again  at  68°,  and  aifords 
78  per  cent,  of  oleine.  According  to 
Kerwych,  oleine  of  singular  beauty  ma^ 
be  obtained  b^  mixing  2  parts  of  onveoil 
with  1  part  or  caustic  soda  ley,  and  ma- 
oerating  the  mixture  for  24  hours  with 
flreqnent  agitation.  Weak  alcohol  must 
then  be  poured  into  it,  to  dissolve  the 
stearine  soap,  whereby  the  oleine,  which 
remuns  meanwhile  unsaponified,  is  se- 

Earated,  and  floats  on  the  surface  of  the 
quid.  This  being  drawn  off,  a  fresh 
Quantity  of  spirits  is  to  be  poured  in,  till 
tne  separation  of  all  the  oleine  be  com- 
pleted. It  has  a  slightly  yeliowiith  tint, 
which  may  be  removed  by  means  of  a 
little  aninui]  charcoal  mixed  with  it  in  a 
warm  place  for  24  hours.  By  suhscquent 
filtration,  the  oleine  is  obtained  limpid 
and  colorless,  of  such  quality  that  it  does 
not  thicken  with  the  greatest  cold,  nor 
docs  it  affect  either  iron  or  copper  instru- 
ments immersed  in  it. 

There  are  three  kinds  of  olive  oil  in 
the  market.  The  best,  called  virgin 
salad  oil,  is  obtained  by  a  gentle  pres- 
sure in  the  cold:  the  more  common 
sort  is  procured  oy  stronjrer  pressure, 
aided  with  the  heat  of  boiling  water; 
and  thirdly,  an  inferior  kind,  by  boiling 
the  olive  residuum,  or  marcy  with  water, 
whereby  a  good  deal  of  mucilaginous  oil 
rises  and  floats  on  the  surfiioe.  The  lat- 
ter serves  chiefly  for  making  soaps.  A 
still  worse  oil  is  got  by  allowing  the  mass 
of  bruised  olives  to  ferment  before  sub- 
jecting it  to  pressure. 

Oil  of  olives  is  refined  for  the  watch- 
makers by  the  following  simple  process  : 
Into  a  bottle  or  vial  containing  it,  a  slip 
of  sheet  lead  is  immersed,  and  the  bottle 
ia  placed  at  a  window,  wliere  it  mnv  re- 
ceive the  rays  of  the  sun.  The  oil  by 
degrees  srets  covered  with  a  curdy  rnnss, 
which  after  some  time  settles  to  the  bot- 
tom, while  itHclf  becomes  limpid  and 
colorless.  As  soon  at<  the  lead  ogiimos  to 
separate  any  more  of  that  white  sub- 
stance, the  oil  \A  decanted  off  into  another 
vial  for  use. 

Palm  oil  molts  at  117-5°  F.,  and  is  Paid 
to  consist  of  81  parts  of  stearine  and  tJi» 
of  oleine  in  100.  It  bccoTncs  readilv  ran- 
cid by  exposure  to  air,  and  is  whitened 
at  the  same  time. 

The  oil  exlraeted  from  the  j)lueked 
tops  of  the  pinug  abies^  in  the  Black  For- 


est in  Oermany,  is  limpid,  of  a  golden 
yellow  color,  and  resembles  io  smell  and 
taste  the  oil  of  tur|)entine.  It  aoswen 
well  for  the  preparation  of  varnishes. 

Popp^-MM  ou  has  none  of  the  narootio 
properties  of  the  poppy  juice.  It  is  sola- 
Die  m  ether  in  every  proportion. 

Save-Med  oil  has  a  yeUow  color,  and  a 
pecuuar  smell.  At  25°  F.  it  becomes  a 
yellow  mass^  consisting  of  46  parts  of 
stearine,  which  fuses  at  60°^  and  54  of 
oleine,  in  which  the  smell  resides. 

The  sun-flower  is  largely  cultivated  in 
this  country,  for  the  sake  of  the  oil.  An 
acre  yields  fh>m  60  to  75  bushels,  and 
every  bushel  gives  a  gallon  of  oil.  The 
oil-cake  is  a  fine  fattener  for  cattle. 

Oil  o/abnonds  is  manufactured  by  agi- 
tating the  kernels  in  bags^  so  aa  to  sepa- 
rate their  brown  skins,  gnodine  them  in 
a  mill,  then  enclosing  them  in  bogs,  and 
squeezing  them  strongly  between  a  series 
or  cast  iron  plates,  in  a  hydraulic  press ; 
without  heat  at  first,  and  then  between 
heated  plates.  The  first  oil  is  the  purest, 
and  least  apt  to  become  rancid.  It  shoula 
be  refined  by  filtering  through  porous 
paper.  Next  to  olive  oil,  this  species  is 
the  most  easy  to  saponify.  Bitter  al- 
monds, beinur  cheaper  than  the  sweet, 
are  used  in  preference  for  obtaining  this 
oil,  and  they  afford  an  article  equally 
bland,  wholesome,  and  inodorous.  But 
a  strongly  scented  oil  may  be  procured, 
according  to  M.  Planch6,  by  mnceratiiif 
the  almonds  in  hot  water,  so  as  to  blanch 
them,  then  drving  them  in  a  stove,  and 
afterwards  sumecting  them  to  pressure. 
The  volatile  oil  of  almonds  is  obtained 
by  distilling  the  marc  or  bitter  almond 
cake,  along  with  water. 

Linseed,  rapeseed,  poppyseed,  and 
other  oleifcrous  seeds  were  formerly 
treated  for  the  extraction  of  their  oil,  by 
pounding  in  hard  wooden  morturs  with 
pestles  shod  with  iron,  set  in  motion  by 
cams  driven  by  a  shaft  turned  with  horse 
or  water  power,  then  the  triturated  seed 
wus  put  into  woollen  bags  which  were 
wrapped  up  in  hair-cloths,'  and  squeezed 
between  upright  wedges  in  presw-boxes 
bv  the  impulsion  of  vertical  rams  driven 
afso  by  a  cam  mechanism.  In  the  best 
mills  upon  the  old  construction,  the 
cakes  obtained  by  this  first  wedge  pres- 
sure were  thrown  upon  the  bed  of  an 
cdt'^'-^iill^  ground  anew  and  subjected  to 
a  second  pressure,  aided  by  heat  now,  as 
in  the  first  case.  These  mortars  and 
pn'ss-boxes  coiiititute  what  are  called 
Duteh  mills. 

A  good  oil  for  chronometers  is  a  great 
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denideratum.  The  followinj?  hiu*  been 
Ired,  and  i»  much  used : — Ilavinff  pro- 
ciired  g'ood  olive  oil,  put  about  one  j^iillon 
into  a  cast-iron  vej»scl  capable  of  holding 
two  gallons;  place  it  over  a  slow,  cleiw 
fire.  Keeping  a  thermometer  Busipended 
in  It ;  and,  when  the  temperature  rises 
to  920°,  checJK  the  heat,  never  allowing  it 
to  exceed  280°,  nor  descend  below  212°, 
for  one  hour ;  by  which  time  the  whole 
of  the  water  and  acetic  acid  will  be  evor 
porated.  The  oil  is  then  exposed  to  a 
temperature  of  80°  to  86°,  for  two 
or  three  days.  By  this  operation,  a 
considerable  portion  is  congealed;  and, 
while  in  this  state,  pour  the  whole  on  a 
muslin  filter,  to  allow  the  fluid  portion 
to  run  through ;  the  solid,  when  re-dis- 
solved, may  be  used  lor  common  pur- 
Sosea.  Lastly,  the  fluid  portion  must  be 
Itered,  once'  or  more,  through  newly- 
Srepared  animal  charcoal,  grossly  pow- 
ered, or  rather  broken,  and  placed  on 
bibulous  paper  in  a  wire-frame,  within  a 
funnel :  by  which  operation  rancidity  (if 
any  be  present)  is  entirely  removed,  and 
the  oil  18  rendered  perfectly  bright  and 
colorless. 

Oil,  for  delicate  machinery,  should  be 
purified  from  its  stearinc,  or  fatty  mat- 
ter, which  is  eff'ected  by  gradually  >)oil- 
ing  it  with  eight  times  its  weight  of  nlco- 
hoi.  When  cold,  the  stearinc  separates 
in  H  precipitate,  and  the  li(juid  is  to  be 
evaporated  to  a  fifth,  which  is  pure  chiine, 
or  oil,  without  any  chemical  action  or 
odour. 

Oils  in  painting  afterward  fatten  and 
do  not  dry,  owing  either  to  want  of  com- 
bination in  the  pigment,  or  to  the  oil  not 
being  old  enough^  Olive  oil,  for  exam- 
ple, will  not  dr>'— even  several  samples 
vary  in  this  detect.  Keeping,  and  the 
use'  of  some  drj-ing  substance,  are  the 
best  remedies.  Oils  arc  adopted  because 
they  give  an  equal  surface  and  a  subse- 
quent body. 

Jjnfing  oiU^  by  boiling,  or  sometimes 
by  setting  on  fire,  by  wliich  they  cea.-^e 
to  stain  paper,  are  linseed,  walnut,  hetnji, 
poppy,  castor,  croton,  grapesicd,  ni^lit- 
shaue,  tobacco,  henbane,  sun-flower,  und 
cress. 

Drying  oils  are  best  prepared  bv  boil- 
ing a  gallon  of  linseed  oil  with  ll  lb.  of 
red  lead,  and  leaving  it  to  stand  till  the 
lead  has  subsided.  Other  materials  efloct 
the  same  purpose,  as  white  vitriol,  sugar 
of  lead,  gum  mastic,  <fec.,  where  long 
boiling  is  inconvenient.  Or^  take  half  a 
gallon  of  linseed  oil,  and  slowly  boil  it 
with  6  oz.  of  litharge,  and  li  of  white 


vitriol,  till  no  more  scum  arises.  Let  it 
cool  and  settle,  and  then  pour  ott  tho 
clear  into  small  vessels,  and  in  ten  days 
it  will  be  fit  for  use.  Or^  suspending  »n 
boiling  oil  a  bag  of  litharge  and  white 
vitrioffor  4  or  5  hours.  Or^  well  stir  a 
lb.  of  white  lead  with  a  gallon  of  linseed 
oil,  and  leave  it  to  settle  for  8  or  10  da^'s. 

Fat  oils  generally  may  acquire  a  drj'ing 
quality  by  the  following  treatment: — 
Take  of  nut  oil,  or  Unseed  oil,  8  lbs. ; 
white  lead,  slightly  calcined;  sugar  of 
lead,  also  calcined ;  white  vitriol :  of  each 
1  oz.  Litharge,  12  oz.,  a  head  of  garlic, 
or  a  small  onion.  When  these  are  nnl- 
vcrlzed,  mix  them  with  the  garlic  ana  oil 
over  a  fire  capable  of  maintaining  tho  oil 
in  a  slight  state  of  ebullition  :  continue 
it  till  the  oil  ceases  to  throw  up  scum, 
assumes  a  reddish  color,  and  the  garlic, 
or  onion,  becomes  brown.  A  pellicle  in- 
dicates tliat  the  operation  is  completed. 
Take  the  vessel  from  the  fire,  and  tho 
pellicle,  precipitated  by  rest,  will  carry 
with  it  the  unctuous  parts.  When  the 
oil  becomes  clear,  separate  it  from  the 
deposit,  and  put  it  into  wide-mouthed 
bottles,  where  it  will  completely  clarify 
itself. 

In  all  cases,  where  preparations  of  lead 
are  eniployod  forfreemg  oils  from  greasy 
principles,  the  mixture  should  not  be 
stirred.  It  is  sufficient  to  leave  the  mix- 
ture over  a  peutle  fire,  capable  of  pro- 
ducing slight  ebullition.  The  garlic 
merely  indicates  the  moment  when  the 
aqueous  part  is  evaporated. 

Dryirnj  oil  is  employed  by  those  who 
paint  pictures,  and  it  enters  into  the 
composition  of  varnishes.  It  serves  it- 
self also  OS  varnish,  either  employed 
alone,  or  diluted  with  oil  of  turpentine. 

For  house  ]minting,  it  is  advantageous 
to  use,  for  the  last  coating^  resiiiows  dry- 
ifyj  oily  as  a  varnish.  It  is  prepared  as 
follows : — Take  10  lbs.  of  drying  nut  oil, 
if  the  paint  be  desiirned  for  external  sur- 
faces, or  10  lbs.  of  dryinjj  linseed  oil,  if 
for  internal.  Yellow  resin  8  lbs.,  com- 
mon turpentine  6  oz.  Melt  the  resin,  to 
which  add  the  turpentine,  and  lastly,  the 
oil,  so  as  not  to  coagulate  the  resin ; 
leave  the  varnish  at  rest,  by  which 
moans  it  will  olten  dej»osit  portions  of 
resin  and  other  impurities ;  preserve  it 
in  wide-nioiitlicd  bottles.  It  must  bo 
used  fresh  :  when  sulfercd  to  grow  old, 
it  de])osits  some  of  its  resin.  If  this  re- 
sinous oil  become  too  thick,  dilute  it 
with  0  li'tlc  oil  of  turpentine,  or  with  oil 
of  [>op|>y,  if  intended  for  articles  shelter- 
ed from  the  sun. 

IS 
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OIL  GAS.  The  inflammable  gases 
and  vapors  (chiefly  hydrocarbons)  which 
are  obtained  by  passing  iixed  oils  tlirough 
red-hot  tubes,  and  whicli  may  be  used  as 
ooalqas^  for  the  purposes  of  illumination ; 
it  yields  a  more  brilliant  light  than  the 
latter ;  but  is,  in  most  instances,  too  ex- 
pensive to  be  generally  adopted.  Brande 
states  that  a  j^lon  of  common  whale  oil 
yields  fVom  90  to  100  cubical  feet  of  gas ; 
and  an  Argand  burner,  giving  the  light 
of  six  or  seven  wax  candles,  consumes 


from  li  to  2  cubical  feet  per  hour; 
whereas,  to  produce  the  eame  light,  from 
5  to  6  cubic  feet  of  coal  gas  are  required. 
Another  estimate  is  given  below. 

Purifled  oil  is  never  used,  as  gas  can 
be  obtained  from  impure  oils,  train  oil, 
or  refuse  feet,  with  as  much  ease  as  fh>in 
the  purer  kinds.  It  is  a  good  means  for 
usin^  up  such  matericds.  The  results 
obtained  by  Henry,  show  the  following 
results  in  100  parts  of  illuminating  gas:— 
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cic3.  Certain  plants,  such  as  thyme  and 
the  scented  lahiata^  in  general  contain 
volatile  oil  in  all  their  parts;  but  others 
contain  it  only  in  the  blossoms,  the  seeds, 
the  leaves,  the  root,  or  the  bark.  It 
soinetiinc'S  happens  that  ditferent  part* 
of  the  same  j)lunt  contain  dift'crcnt  oils; 
the  orange,  I'or  example,  furnishes  three 
clilltTent  oils,  one  of  which  resides  in  the 
flowers,  another  in  tho  leaves,  and  a 
third  in  tlie  skin  or  enidermis  ol  the 
fruit.  The  (jantity  of  oil  varies  not  only 
with  the  species,  but  also  in  the  sonio 
plant,  with  tho  soil,  and  especially  the 
climate;  thus  in  hot  countries  it  is  eene- 
ratcd  most  profusely.  In  several  planta, 
the  volatile  oil  is  contained  in  jK-cuIiur 
orders  of  vessels,  which  confine  it  so 
closely  that  it  does  not  escape  in  thcdrv- 
iiiiT,  iior  is  dissipated  by  keeping  tue 
cent,  by  wcii^ht.  The  remainder  is  tie-  ,  ]>laiit.->  f(»r  luany  years.  In  other  species, 
posited  carbon.      Oil  j^as  contains  much  |  and  part icuiarly'in  flowers,  it  is  ionncd 

continually  upon  their  surface,  and  flies 
otl'at  the  moment  of  its  formation. 

Volatile  oils  are  usually  obtained  by 
distillation.  For  this  purpose  the  plant 
is  introduced  into  a  still,  water  is  j>oure<l 
upon  it,  and  heat  bcinsf  applied,  the  oil  is 
N  olatili  A'd  by  the  aid  of  t])c  water}'  vapor, 
at  till-  tcmp.'rature  of  21'2'^,  thousrh  when 
uloiu'  it  would  probably  not  distil  ovcruu- 
Ic-s  the  beat  were  Ido'^  more.  When  tho 
miuL'!*-'  vapoi-.-s  i.f  the  oil  and  water  are 
eon-b'M-fl  into  tlie  liquid  state,  by  llie 
relViir^riitor  of  tiu'  still,  tiie  oil  sepumtos 
and  eirluT  floats  on  the  surface  or  sin K» 
to  the  bott..m  of  the  water.  -Some  oil:*  of 
a  lis-i   vol., til.'    nature    require  a  hiu'lier 


From  the  above,  it  apjx^ars  that  oil  gas 
is  superior  to  that  obtained  from  coal,  as 
shown  by  its  gravity,  and  that  the  pro- 
duce is  of  the  best  quality  w^hen  obtained 
at  a  low  red  heat.  This  temperature  is 
snflflcient  to  convert  the  oil  into  gas,  but 
is  not  sufficiently  hiirh  to  ilecnrbonize  the 
gas  to  any  great  extent.  The  aj^paratus 
for  obtaiiiinir  tras  is  simple :  a  retort  is 
filled  with  bricks,  or  lumps  of  coke,  so  as 
to  extend  the  surface  when  heated.  The 
oils  flow  in  a  thin  and  constant  stream 
upon  the  red  hot  bricks,  when  it  is 
almost  immediately  puritied  ;  the  eras  is 
carried  on  to  the  hydraulic  main,  and 
from  thence  throuirh  the  purifiers  to  the 
gasometer.  ( 'ju^t  iron  retorts  are  used  ; 
and  1  cubic  foot,  or  4  gallons  of  oil,  pro- 
duce frr)m  000  to  7<>0  cubic  feet  of  gas, 
which  is  equivalent  to  from  'JO  to  IHJ  "per 


more  oleflant  gas  and  naj>tha  vajiors  than 
coal  tras,  and  is  hence  more  valuable  as 
an  illuniinatititr  airent. 

OIL  OF  liKK  'KS.  A  terui  ap].lied  by 
tlie  old  chemists  to  the  cmpyrcimiatic  oil 
obtained  by  subjecting'  a  bri<-k  ^\l•ich  has 
lioen  soaked  in  oil  to  tlic  proecs-i  of  di-^- 
tillation  at  a  liiL'h  temperature.  The  oil 
is  used  by  lapidarie-^  as  a  vebidf  for  the 
emery  by  which  stones  and  /^'i-ms  arc 
sawn  or  cut. 

OILS,  VOLATILE  OK  IWSENTIAL; 
Manufacture  of.  The  volatile  oils  orcur 
in  every  part  of  oderifcrous  jilaiits,  whose 
aroma  they  dirtuse  by  their  exhalation; 
but  in  different  orL'ans  of  flitferent   spe- 
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heat  than  212^  to  raise  them  in  vapor, 
and  must  be  dij^lodged  by  nddinfir  com- 
mon wilt  to  the  water,  whereby  the  lieut 
being  ouguiciitcd  by  15",  they  readily 
come  over. 

There  arc  a  few  cHsentiiJ  oils  which 
may  be  obtained  by  expression,  from  the 
substances  which  contain  them ;  such  as 
the  oils  of  lemons  nnd  bergamot,  found 
in  the  pellicle  of  the  ripe  fruits  of  the 
eiinis  aurantiitfn  and  medica ;  or  the 
onuigc  and  the  citron.  The  oil  comes 
out  in  this  cose  with  the  juice  of  the  peel, 
and  collects  upon  its  surtuce. 

For  collecting  the  oils  of  odoriferous 
flowers  which  have  no  peculiar  organs 
for  imprisoning  them,  and  therefore 
speedily  let  them  exhale,  such  as  Nnolcts, 
jasmine,  tuberose,  and  hyacinth,  anotlier 

{)roccss  must  be  resorted  to.  Alternate 
avers  are  formed  of  the  fresh  flowers, 
and  thin  cotton  fleece,  or  woollen  cloth- 
wadding,  previously  soaked  in  a  pure 
and  inodorous  fat  oil.  Whenever  the 
flowers  have  given  out  all  their  volivtile 
oil  to  the  flxed  oil  upon  the  flbrous  mat- 
ter, thev  are  replaced  by  ft-csh  flowers  in 
succession,  till  the  fut  oil  has  become  sa- 
turated with  the  odorous  particles.  The 
cotton  or  wool  wadding  being  next  sub- 
mitted to  distillation  along  with  water, 
gives  up  the  volatile  oil.  IV'rfimitTs 
alone  use  these  oils;  they  cmjiloy  tlum 
either  mixed  as  above,  or  dissolve  them 
out  by  means  of  alcohol.  In  order  to 
extract  the  oils  of  certain  flowers,  as  for 
instance  of  white  lilies,  infusion  in  a  fat 
oil  is  sufficient. 

Essential  oils  diff'er  much  fVom  ench 
other  in  their  physical  properties.  Most 
of  them  are  yellow,  otliers  are  colorless, 
red,  or  brown:  some  again  are  green, 
and  a  few  arc  blue.  They  have  a  power- 
ful smell,  more  or  less  alrreeahle,  which 
immediately  after  their  distillation  is  oc- 
casionally a  little  rank,  but  V>econies  less 
so  by  keeping.  The  odor  is  sckloin  as 
pleasant  as  that  of  the  recent  plant. 
Their  taste  is  acrid,  irritating,  and  licat- 
infiT,  or  merely  aromatic  when  they  arc 
largely  dilulecl  with  water  or  other  sub- 
stances. They  are  not  greasy  to  the 
touch,  like  the  fat  oils,  but  on  the  con- 
trary make  the  skin  feel  rough.  They 
are  almost  all  lighter  tiian  water,  onlv  a 
vcr}'  few  fullinir  to  the  bottom  of  tliis 
li'piid  ;  their  specific  gravity  lirs  between 
0-S47  an<l  1.<^1m»;  the  tir^t  mnn!»<'r  dciiot- 
\\\S  the  density  of  oil  of  cition,  and  tlic 
8ec«->nd  that  ofoil  of  siissal'ras.  Aithoiij-Ji, 
when  exposed  to  the  air,  the  volatile  oiU 
change  tiicir  color,  become  darker,  and 


gradually  absorb  oxygen.  This  absorp- 
tion commences  whenever  they  are  ex- 
tracted from  the  plant  containing  them  ; 
it  is  at  flrst  considerable,  and  diminishes 
in  rapidity  as  it  goes  on.  Light  contri- 
butes powerfully  to  this  action,  during 
which  the  oil  disengages  a  little  carbonic 
acid,  but  nmch  less  than  the  oxygen  ab- 
sorbed ;  no  water  is  formed.  The  oil 
turns  gradually  thicker,  loses  its  smell, 
and  is  transformed  into  a  resin,  which 
becomes  eventuallv  hard.  De  Saussuro 
found  that  oil  of  lavender  recently  dis- 
tilled had  absorbed  in  four  months,  and 
at  a  temperature  below  54°  F.,  52  times 
its  volume  of  oxygen,  and  had  disen- 
gaged twice  its  volume  of  carbonic  acid 
gases  J  nor  was  it  yet  completely  saturat- 
ed with  oxvgen.  The  stearessence  of 
anise-seed  oil  absorbed  at  its  liquefying 
temperature,  in  the  space  of  two  years. 
156  times  its  volume  of  oxygen  gas,  ona 
disengages  26  times  its  volume  of  car- 
bonic acid  gas.  An  oil  which  has  begun 
to  experience  such  an  oxydizement  is 
composed  of  a  resin  dissolved  in  the  un- 
altered oil ;  and  the  oil  may  be  separated 
by  distilling  the  solution  along  with 
water.  To  preserve  oils  in  an  unchantrcd 
state,  they  must  be  put  in  vials,  filled  to 
the  top,  closed  with  ground  glass  stopples, 
and  placed  in  the  dark. 

Volatile  oils  are  little  soluV>le  in  water, 
yet  enough  so  as  to  impart  to  it  by  agita- 
tion their  characteristic  smell  and  taste. 
The  water  which  distils  with  any  oil  is  in 
general  a  saturated  solution  of  it.  and  as 
^ucll  is  used  in  medicine  under  tne  name 
of  distilled  water. 

The  prineijuil  volatile  or  essential  oils 
are  those  of  turpentine,  aniseed,  nutmeg, 
lavender,  cloves,  caraway,  peppermint, 
spcannint,  sassafras,  camomile,  and  ci- 
tron. The  taste  is  acrid  and  burning ; 
an<l  the  odor  very  pungent,  resembling 
tlie  taste  and  smell  of  the  vegetables. 
They  b<»il  at  a  tcTn[)erature  considerably 
above  that  of  boiliutr  water;  thus,  oil  of 
turpentine  boils  at  815°.  They  are  solu- 
ble in  strong  alcohol,  but,  on  adding 
water,  are  precipitateu.  They  are  solu- 
ble in  ether  in  liKC  nnmner,  but  do  not 
form  soaps  with  alkalies,  hy  uliich  th*y 
are  d'iMtiH(juixh(d  fnnu  the  fi'.rtd  oiU. 
Tluy  are  readily  influmed  l>y  stroiiL'  ni- 
tric acid;  especially  if  a  little  sulj>liuric 
nci«l  be  addcil,  to  rc.dcr  the  jicivl  nioro 
c<MiccntratC'l.  Kxposcd  to  the  action  of 
the  air,  tlicv  ini'ldL'o  an  alttriition  in 
( oiiscciiu-iicc  of  t  lie  ab-orjiti<'n  ot"  o.\\  L'cn, 
become  thickened,  and  gradually  change 
into  a  solid  matter,    resembling   resins. 
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When  digested  with  sulphur,  they  unite 
with  it,  forming  balsam  n/ sulphur. 

One  of  tlie  most  useful  is  that  of  tur- 
pentine, ctxWed  spirU  of  turpe/Uine.  It  ifl 
obuuned  bv  distilling  turpentine  und 
water,  in  due  proportions,  in  a  copi>er 
alembic.  It  is  the  solvent  employed  in 
making  a  variety  of  varnishes,  but  it  re- 
(^uires  to  be  rectified  by  a  second  distilla- 
tion. 

In  general,  volatile  oils  ore  used  in 
pharmacy  or  as  perfumes.  Those  ap- 
plied to  the  hitter  use,  are  the  essence  of 
roses,  of  jasmine,  violets,  &c.,  but  re- 
quire mucli  care  in  preparation.  This  is 
best  done  by  spread mg  upon  white  wool, 
impregnated  with  olive  oil,  the  petals  of 
the  flowers,  and  leaving  them  for  some 
time,  covered  over  with  a  woollen  cloth, 
upon  which  flowers  are  also  scattered. 
The  flowers  are  renewed  from  time  to 
time,  until  the  olive-oil  employed  appears 
to  be  saturated  with  the  oil  of  the  flowers, 
and  this  last  is  then  separated  by  digest- 
ing the  wool  in  alcohol. 

Essential  oils,  as  previously  mentioned, 
are  obtained  by  distilling  the  basis  with 
an  equal  weight  of  water  to  prevent  them 
from  adhering  to  the  still,  and  the  oil  and 
water  acquiring  a  burnt  taste  ;  some,  as 
those  of  the  peels  of  fresh  fruits,  are  ob- 
tained by  raspinj:  them,  ond  press! ntr  the 
rjuspings  ;  a  few  by  distillintr  the  articles 
witli  twice  their  weiifht  of  water,  adding 

1  lb.  of  salt  to  each  gallon  of  water,  usinir 
ft  quick  fire,  and  when  half  the  water  has 
tome  over,  pouring  it  back  airain  into  the 
still,  and  thus  cohobatiiitf  it.  When  rec- 
tified, for  the  purpose  of  reiwlerinL'  them 
finer,  they  arc  distilled  without  water  in  a 
retort,  and  one  half  the  oil  is  drawn  over. 
Tiicy  are  all  stimulant,  in  doses  of  2  to  10 
drops  upon  suirar,  hut  are  mostly  made 
Into  cordial  waters,  by  distilliiiL'' with  spi- 
rit of  wine,  or  water.  *  Tlie  foilowiiiLT  are 
some  of  the  principal,  for  thev  consist  of 

2  or  aoi.i. 

Oil  (tf  Wi>rmii'iHMl — 25  Ihs.  of  jrreen 
wormwood  yieldinir  from  6  to  lo  drs.  of 
this  oil.  Oil  i'/Ai-nrn.i — 5'>  lbs,  yicKl  2  oz. 
KxM'iidal  nil  (>/  hitUr  Ahii"H4h — tVom 
ground  almond  eake,  by  distilhition,  with 
twice  as  much  water  imd  half  as  much 
salt,  alter  having'  been  left  to  soak  for 
some  days,  and  when  half  the  water  is 
come  over,  ponrini.'  it  back  into  the  still  : 
25  lbs.  of  cake  yield  2  o/..  and  contaiiu* 
prussie  aeid  ;  when  rectified,  its  streiiLTth 
IS  prodiiriously  increased.  Oil  <if  ^\,)is>- 
se*"h — tVom  the  seeds;  coiiireals  at  t!2^. 
Odof  Stnr  Anmc-ttftdH — tVom  the  ca]^sules,  })einir  exT 
Very  fnigmnt.     Oil  of  DUl-sctd — Larmi-  ,  e^tecmcd 


native.     Essence  of  BergafnoUe — from  the 
peels  of  the  Bergamotte  orange :  by  pres- 
sure,   very    fragnint.    Buile   a^orang^-^ 
from  orange-peel,  by  prei*sure ;  very  fra- 
grant.    (Jujeput  ail — from  the  leaves.   Oil 
of  Carui — from  the  seeds,  carminative. 
Oil  of  Cloves — from  cloves,  soaked  and 
distilled  with  salt-water,  the  distilled  wa- 
ter being  returned  two  or  three  titnes  into 
the  still ;  very  hea\-y  and   acrimonious. 
Distilled  oil  of  Camomile  t\o%ctrs — from 
the  flowers,  stomachic.     OH  of  Cinnamon 
— from  the  fresh  bark,  distilled  with  sea- 
water.     Rectijied  oil  of  Citrons — the  press- 
ed oil  of  the  whole  peels,  distilled  until  8 
oz.  out  of  5  are  come  over,  white,  ver}' 
fragrant.      Oil  of  Curthmin-setd — O'd   of 
Hops — Collected    during    the  boiling  of 
hops  in  beer.     Essences  ties  [lolett^s — from 
the  root  of  Florentine  orris ;  smells  hke 
violets.      Essence   of  Jasmine — from  the 
flowers  of  Jasminium  prandiflorum,  high- 
Iv  fro^'rant.     O'd  of  Lavender — from  the 
flowers  of  narrow-leaved  lavender,  very 
fine    scented.     OU   of  SpiJce — from   the 
flowers  and  seeds  of  French  lavender. 
Recti^fied  oil  of  Lavender — drawing  otf  8 
oz.   in   5 ;   used   for    choice    perfumery. 
Ri(ja  Balsam — from  the  shoots  of  Finns 
cembra,  previounly  bruised  and  macerated 
for  a  month  in  water  ;  vulneniry,  diuretic 
E'i'xnce  of  Lemons — from  the  fresh  peels 
of  lemons  ;  limpid,  waters*,  fragrant;  used 
in  perfumery.      OH  <f  lilact — from  that 
spice.      Oil  of  sweet   Marjoram. — Oil  of 
Pfjmtnnint — from  the  dried  plant,  4  lbs. 
of  the  fresh  herb  yielded  3  drs. ;  used  to 
flavor  spirit.     Recti^ed  oil  of  Peppennini 
— used  tor  peppermint  lozenges  ana  drops, 
very  warm.     Oil  of  Mi{f"'d—\%  basket?} 
yield  4  oz.  4  drs.     Esstnce  of  Myrtle — 
from   the  flowers   and  leaves  ;  fr.igrant. 
/,W/j<'e    of  Jonquil — used  in  perfumery. 
OH  if  yntiritff — from  that  spice.     Od  of 
Tht/i/u — from  the  plant,  2  cwt.  fresh  yield 
5i  ()/..  stiniulant,  makes  the  hair  grow, 
usctl   in    tooth-ache.      Oil  of  Pimt/df— 
from  allspice.     Oil  of  T^enjty-roijal — from 
the  herb  when  in  flower,     ihl  of  Part  nt- 
sani — iVom    the   leaves  ;    sold    for  oil  of 
cloves..     Oil  of  Rhodium — tVom    Levant 
li«:num  rhodium:  80  lbs.  yielded  9  drs. 
inl  if  RostM — iVom  the  flowers  of  musk 
ro>es  in  the  cups  split   open,  soaked  in 
twice  their  weiirlit  ol  salt-water  for  several 
ilays.  then  distilled,  and  the  water  echo- 
hated  once  or  twice  on  theuj  :  1  cwt.  yields 
from  half  an  oz.  to  an  oz.  of  oil.     Atturof 
J\<"<'s — tVom  the  everijreen  rose  and  the 
musk  rose,  the  newly-distilled  rose-water 
))einir  exposed  to  the  night  air;  ahighlv- 
e^tecmca  j'erl'ume  ;  freezes  at  60*^,  mefta 
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at  85®.  Oil  of  Bomnary^from  the  flow- 
ering tops ;  sweet  scented.  Redijitd  oil 
of  Ho^temary—hy  redistilling  until  one- 
naif  M  come  over,  and  used  for  fine  per- 
famery.  Oil  of  Jiue— from  the  dried 
plant,  carminative,  antispasmodic.  OU 
of  Savine — from  the  dried  plant,  stimu- 
lant and  powerfully  emmenagogue;  ex- 
ternally rubefacient.  OU  of  Sandalr^ood 
—1  lb.  yields  2  drs.  It  is  sold  for  oil  of 
rhodium,  and  oil  of  roses.  Oil  of  Sassa- 
fras—from  the  root  of  sassafnis,  with 
salt-water,  and  cohobation.  Oil  of  Lemmi 
7%^e— used  to  scent  sonps.  Oil  of  Tan- 
wy— from  the  herb.  Oil  of  Thyme— ^ 
cwt.  fresh  fiowcrs  yield  6*  oz.  OU  of 
Turptntifis— from  rough  turpentine  dis- 
tilled with  an  equal  weight  of  water. 

On,  Mills,  or  JPression  Mills,  are  mov- 
ed by  horse,  or  water  power,  in  Holland 
by  wind,  and  in  England  often,  and  in 
this  country  almost '  always,  by  steam. 
The  object  is  to  unite  weight  of  pressure 
with  percussion,  and  therefore  obtain  oil 
from  seeds.  The  principle  is  that  of  the 
pile  engine,  the  falling  with  acceleration 
of  a  heavy  loaded  beam  on  a  bag  of  seed, 
so  placed  as  that  ita  oil  will  exude  into 
receptacles  beneath.  A  wheel  called  ii 
walloper,  provided  with  wipers,  or  pro- 
jections, IS  tunied  by  the  spur  and 
treadle,  and  the  wipers  catch  and  lift  tlic 
beams,  or  pestles,  which  being  unattach- 
ed by  the  rotation  of  the  wheel  tall  with 
force  on  the  seed,  which  has  usually  been 
rolled  and  expressed  previouslv.  The  oil 
paste,  or  cakes,  left  after  pressing,  is  ex- 
cellent food  for  cattle.  The  French  ve- 
getable oils  produce  the  whitest  and 
clearest  light  known,  equal  to  the  best 
carburetted  hydrogen  gas. 

The  quantities  of  volatile  oil,  obtained 
from  different  vegetiibles,  are : — 


Aniseed 1  lb. 

A««afa?tida *  * . .  4  oz! 

C'lyepat  seeds .'..'.  \  lb. 

Camomile  flowers,  common 1  lb. 

Caraway  seeds 4  lbs. 

Cardamum  seeds 1  oz. 

Cavot  ^cds 2  lbs. 

Cinnamon lib. 

Clovw lib. 

Copaiba  balsam  lib. 

Cummin  seed .".']." 1  lb. 

r>l'lN?<^d ;.;  4  lbs. 

JunJpiT  berries    8  lbs. 

Lavender,  In  flower,  fresh .48  lbs. 

J{«* 1  n>. 

Marjoram,  in  flower,  fresh sr>  lbs. 

Nntmegs 1  ib. 

S^^** 1  cwL 

Kosornary,  in  flower 1  cwt 

Baire  leaves .8-1  lbs. 

Basaaftas  w  lod 6  Iba. 


2  drs. 

Idr. 

15  prs. 

idr. 

2oz. 

1  scr. 

li  dr. 

1  dr. 

IJl  oz. 

6  oz. 

ft  drs. 

2oz. 

3oz. 

12  oz. 

ft  drs. 

3    oz. 

1  oz. 

1  oz. 

80Z. 

1 1   oz. 

1:  oz. 

Savin  bark    gibs.    5ot. 

Thyme,  In  flower,  fresh 2cwt6io« 

According  to  experiments,  the  follow- 
ing species  of  plants  yield  per  cent,  ol 
oil: — 

Filberts 60 

Garden  cress *. '.  .66  to  58 

Olive 60 

Walnut 50 

Poppy- 47  to  60 

Almond 4$ 

Navew 39 

"W  h  I te  Mustard gg 

Tobacco  seed  82  to  M 

ICcmels  of  plums $8 

Winter  rape ja 

Summer  rape sO 

Woad 80 

Camellna 28 

Hemp  seed 25 

Fir ..'.'...., 2A 

Linseed *.*.*.!!'.  .22 

Black  mustard .'.'.*.'.'  .*  *  .18 

Hellotropo ! ! !  .15 

Beech  masts !!'.!!!  .12  to  16 

Grape  stones 10  to  11 

OIL  OF  VITROIL,  concentrated  Sul- 
phuric Acid. 

OISANITE.  An  ore  of  Titanium, 
found  in  the  department  Oise,  France 

OLD  RED  SANDSTONE.  A  series  of 
rocks  interposed  between  the  carbonife- 
rous rnuestone  and  the  slate.  They  cor- 
respond to  tlic  Potsdam  sandstone  of  the 
New- York  (leological  Survey  Report,  are 
chiefly  siliceous,  much  used' for  building 
churches  in  New- York  and  other  cities, 
and  arc  highly  interesting  from  the  fossils 
and  fossil  I'narks  which  are  found  in  them. 

OLEFIANT  GAS.  This  variety  of 
carburetted  hydrogen  is  obtained  by  heat- 
ing a  mixture  of  two  measures  of  sulphu- 
ric acid  and  one  of  alcohol.  It  is  of  some- 
what less  specific  gravity  than  atmosplie- 
ric  air,  100  cubic  inches  wcigliiiig  30'5  grs. 
It  burns  with  a  bright  white  fliime,  and 
produces  during  combustion  such  pro- 
portions of  cirbonic  acid  and  water  as 
show  that  1  volume  of  the  gas  is  consti- 
tntcd  of  2  atoms  or  volumcs'of  hydrogen 
and  2  atoms  of  carbon ;  hence  tl)e  equi- 
valent of  olefiant  gas  is  (2  A  4- 12  t-tfr. )=14. 
When  two  volumes  of  clilorine  are  mix- 
ed with  1  of  olefijiiit  gas,  and  inflamed, 
hydroclioloric  acid  is  formed,  and  the 
cluircoal  of  the  gns  makes  its  appearance 
in  the  form  of  den?^'*.  L-liick  soot.  If  the 
mixture,  instead  of  being  kindled,  be  left 
srnndin;:  over  water,  it  Foon  condenses 
into  a  ruiuid  looking'  like  oil  (hence  the 
term  olfjiant  ijhm),  whieli  is  liydroelilorido 
t»f  earluin.  It  has  an  aromatic  odor,  not 
unlike  that  of  oil  of  caraways. 

OLEIC  ACID.    The  product  resulting 
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from  the  action  of  alkalies  upon  the  elaine, 
or  liquid  part  of  oils  and  fats. 

OLEIN,  is  the  thin  oily  part  of  fats  na- 
turally aasocifttcd  with  glycerine,  marga- 
rine, and  stearine. 

OLEON.  A  peculiar  liquid  obtained 
by  the  distillation  of  a  mixture  of  oleic 
acid  and  lime. 

OLIBANUM.  A  gum  resin,  imported 
from  the  Levant,  in  yellowish-white  and 
nearly  opaque  drops  or  tears ;  it  has  a 
bitterish  flavor,  and  has  been  used  in 
medicine.  When  burned  it  exhnles  ratlier 
an  aijrceable  odor,  and  is  sometimes  ca- 
ed/rani-ifi4yn,se.  It  is  either  the  iirodiice 
of  the  JuTiiperus  lyciu^  or  of  the  JJosweliiu 
serrata. 

It  is  now  only  used  as  incense  in  Ro- 
man Ciitholic  churches. 

OLIVE.  (Lat.  olcn.)  A  genus  of  trees 
belonpiner  to  the  Diandria  Monairynia 
class  of  plants.  The  Oleii  Earopiva  has 
an  uprijf  lit  stem,  with  numerous  branches, 
grows  to  the  heiffht  of  twenty  or  thirty 
feet,  and  ditfers  from  most  trees  in  yiehl- 
in<r  a  fixed  oil  from  the  j^ericurp  instead 
of  from  the  seed.  The  olive  tree  has  in 
all  ages  been  held  in  peculiar  estimation  ; 
and  some  authors  have  styled  it  a  "  mine 
upon  earth."  It  was  sacred  to  Minerva. 
Olive  wreaths  were  used  by  the  Greeks 
and  Romans  to  crown  the  brows  of  vic- 
tors ;  and  it  is  still  universally  regarded 
as  emblematic  of  peace.  Tho  olive  flou- 
rishes only  in  wann  and  comparatively 
dry  parts  of  the  world,  as  the  south  of 
France  and  Spain  ;  in  Italy,  Syria,  and 
the  north  of  Africa ;  and  thouirh  it  has 
been  raised  in  the  open  air  in  this  coun- 
try, its  fruit  did  not  ripen.  Tlie  fruit  is 
a  smooth  oval  plum,  about  three  cjiiarters 
of  an  inch  in  leii^'th,  and  iuilf  an  iiicli  in 
diameter;  of  a  deep  violet  color  when 
ripe ;  whitish  and  itcshy  within  ;  bitter 
and  nauseous,  but  replete  with  a  bland 
oil.     Olives  intended  for  preservation  are 

gathered  Iwfore  they  are  ripe.  In  ]>ic'k- 
njjT,  the  object  is  to  remove  and  to  pre- 
serve them  green  by  iiupreirnatinLr  them 
with  a  brine  of  aromatized  sea-salt;  and 
for  this  purpose  various  methods  are  cm- 
ployed.  But  it  is  chiefly  for  the  sake  of 
itft_  oil  that  the  olive  tree  is  cultivated. 
Olive  oil  is  pale  yellow  ;  its  density  is  1>-1(». 
When  fresli,  and  of  fine  quality,' it  is  al- 
most tasteless,  havin«r  only  a  very  slii:ht 
and  oirreeable  nutty  flavor.  It  is'le>s  apt 
than  most  other  fixed  oils  to  l)e<'oiiie  vis- 
ci<l  by  exposure,  and  hence  is  ]irererr(  «| 
for  ErreasinL'  eloek  and  wateli-w<>rk.  it  is 
largely  used  as  an  article  of  I'ooil.     It  is  I 


the  principal  article  of  export  from  the 
kinsrdom  of  Naples. 

()livf.  Oil,    (See  Ons  Fat.) 

OLIVINE.  A  variety  of  ary«7/«<«  con- 
taining oxide  of  iron  ol  an  olive-green  co- 
lor, it  IS  sometimes  found  associated  with 
meteoric  iron  and  in  Basalt. 

ONYX.  A  regularly  banded  a^ate, 
much  prized  for  cameos,  especially  wnere 
the  colors  are  very  distinct  and  opposed. 
Any  stone  exhibiting  loyers  of  two  or 
more  colors  strongly  contrasted  is  colled 
an  onyx. 

OOLlTE.  A  granular  variety  of  car- 
bonate of  lime,  frequently  calld  roestoru. 
The  frequency  of  the  occurrence  of  this 
particular  form  of  limestone  in  a  great  se- 
ries of  deposits,  lying  between  the  sub- 
cretaceous  formations  and  the  new  red 
sandstone,  has  caused  English  geologists 
to  give  tho  whole  series  the  name  of  oii- 
tic."  It  is  largely  developed  in  England 
and  Fnmce. 

OPAL.  A  beautiful  mineral  character- 
ized by  its  iridescent  reflection  of  light: 
it  is  very  brittle.  It  consists  of  silica, 
with  about  10  per  cent,  of  waier.  C<jm- 
mori  anal  in  some  of  its  characters  resem- 
bles the  preceding ;  but  it  has  no  play  of 
colors,  and  is  abundant,  the  former  being 
a  very  rare  mineral.  Opal  is  found  in 
difl'erent  parts  of  Europe,  but  particularly 
in  Ilunsrarv  ;  in  the  Juist  Indies,  <S:c. 

OPALIZED  WOOD.  Wood  petrified 
by  silica  and  acquiring  a  structure  re- 
semblinjr  common  opal. 

OPIUM.  The  inspissated  juice  of  tho 
popi»y,  obtained  by  wounding  the  unripe 
seet!  capsules  of  the  Papater  Sfymniff-rvm^ 
colleetiner  the  milky  juice  which  exudes 
an<l  dries  in  the  sun,  and  kneading  it 
into  cakes.  The  cakes  of  the  best  opmm 
are  covered  externally  with  pieces  of  dried 
leaves  and  the  seed  capsules  of  some  spe- 
cies of  Ji'f/rnejr.  It  should  be  of  a  nch 
})ro\vn  color,  tough  consistency,  and 
sinnotli  uniform  texture  ;  its  peculiar  nar- 
cotic smell  should  be  strong  and  fresh  ; 
its  taste  bitter,  warm,  and  somewhat 
acrid.  The  chemical  analysis  of  opium 
has  rendered  it  j^robable  that  its  activity 
as  a  medieine  dei)cnds  upon  the  presence 
of  a  peculiar  alkaline  base  called  morphia^ 
in  combination  witli  an  acid  whieh  has 
been  termed  tu-cojih'  acid.  Opium  also 
contains  /urrrofinf-^  narainfy  c*k/t{»,  gum 
resin,  extractive  matter,  and  small  por- 
tions of  other  proximate  principles. 

Tlie  chief  countries  in  which  opium  is 
prejian-d  are  India,  Kirvpt,  Turkey,  and 
other  parts  of  Asia  ;  it  is  even  cultivated 
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in  Italy,  France,  and  England,  but  the 
climate  of  Europe  seems  to  be  too  uncer- 
tain to  allow  of  ita  regular  production. 
Opium  ia  pretty  extensively  used,  both  as 
a  masticatory  and  in  smoking,  in  Turkey 
and  India ;  but  its  great  consumption  is 
in  China  and  the  surrounding  countries, 
where  the  habit  of  smoking  it  has  become 
all  but  universal.  The  supplies  for  the 
Chinese  market  are  derived  from  India 
and  Turkey,  but  chiefly  from  tlie  former. 
Indian  opium  is  distinguished  into  three 
kinds :  the  Patna  or  tnat  grown  in  the 

Srovince  of  Baluir,  the  Benares,  and  the 
Lolwa;  of  which  the  fiist  is  in  the  high- 
est repute.  The  cultivation  of  opium'  in 
India  is  a  strict  government  monopoly. 
Every  one  who  chooses  may,  within  the 
prescribed  regulations,  engage  in  the  opi- 
um cultivation ;  but  the  drug,  when  pre- 
pared, must  all  be  sold  to  the  government 
at  a  fixed  price,  which  is  said  to  be  so  far 
from  remunerating  the  growers  that,  were 
it  not  for  tlic  advances  which  jcrovermnent 
are  obliged  to  make  to  enable  thum  to 
carrj-  on  the  business,  the  cultivation  of 
opium  would  be  discontinued  in  the  irrcat- 
er  portion  of  India.  This  monopoly  has 
sometimes  yielded  a  nett  revenue  of  £1,- 
O<.K>,00<)  a  year.  This  revenue  lias,  how- 
ever, of  lute  years  materially  decreased, 
owing  to  the  introduction  into  <'hina  of 
large  supi>lics  of  opiuui  from  Turkey,  into 
which  it  is  founcl  impossible  to  extend 
the  monof>oly.  The  h;ist  India  o]»ium  is 
exported  in' chests  of  U)14  lbs.  each. 
"Wie  introduction  of  opium  into  China 
was  a  legitimate  branch  of  trafllc  down  to 
the  close  of  the  last  century.  Kver  since 
that  period,  however,  the  trade  has  been 
coutraband  ;  but  thoujrh  the  Chinese  iro- 
vernment  has  issued  e<lict  upon  (.-(iiet  jiro- 
bibiting  the  importation  of  tlie  drug,  the 
consumption  of  Indian  opium  in  China 
has,  in  little  more  than  forty  years,  risen 
fVom  l,0(.tO  to  about  27,Ooo  elu'sts  jior  an- 
num. Such  an  extraordinary  increase  in 
a  trade  prohibited  by  law  is  attributable 
only  to  the  corruption  of  the  Chinese  au- 
thorities. At  first  the  trade  was  carried 
on  at  Whampoa,  15  miles  below  (!'anton  ; 
and  next  at  Macao,  whence  it  was  driven 
by  the  exactions  of  the  Portutruesc  ;  and 
the  principal  entrepot  was,  till  the  recent 
outbreak  of  hostilities  between  the  British 
and  Chinese,  in  the  bav  of  Lintin.  The 
opium  is  kept  on  b»)ard  shins,  eornmonly 
called  receivnitr  sliijts,  of  vvliieh  there  are 
often  ten  or  twelve  lyiuL'  together  at  an- 
chor. The  sales  are  mostly  elTected  hv 
the  English  and  American  agents  in  Can- 
ton, who  give  orders  for  the  delivery  of 


the  opium ;  which,  on  the  order  being 
produced,  is  handed  over  to  the  Chinese 
smuggler,  who  comes  alongside  at  night 
to  receive  it.  Frequently,  however,  the 
smuggler  purchases  the  opium  on  his  own 
ttceount.  j^)nying  for  it  on  the  spot  in  sil- 
ver, it  Demg  a  nUe  of  the  trade  never 
violated  that  the  money  must  be  naid  be- 
fore the  opium  ia  delivered.  When  the 
drug  is  landed,  the  laws  are  equolly  set  at 
defiance  in  its  progress  through  the  coun- 
try, smoking  nouses  being,  it  is  said, 
everywhere  established.  During  the  first 
ten  years  of  the  present  century,  the  ex- 
ports from  India  to  China  were  about 
2,r)00  chests.  In  1821-1822,  after  the  in- 
troduction of  Malwa  opium  into  the  mar- 
kets of  Bombay  and  Calcutta,  the  exports 
increased  to  4,628  chests ;  ond  owing  no 
doubt  to  the  greatly  increased  supply  and 
lower  price  of  the  article,  the  exports  in 
1S31-1832  exceeded  20,u00  chests,  worth 
more  than  13,000,000  dollars  ;  and  in 
1837-1838  exceeded  30,000  chests,  worth 
20,oo^),000  dollars. 

in  1839,  the  Chinese  government  en- 
deavored to  stop  the  impoitation  of  this 
>ernicious  drug  into  that  country,  which 
cd  to  oj)en  hostilities  and  defeat  on  the 
part  of  the  Chinese  who  were  obliged  to 
pay  heavily  for  the  expenses  of  the  war. 
To  raise  this,  an  extra  duty  was  levied  on 
tea  exported,  which  the  English  almost 
wholly  paid,  thus  bearing  the  full  ex- 
penses of  the  war.  The  nefarious  and 
sueeessful  attempt  of  England  to  force  an 
unwilling  trade  on  China  reflects  indelible 
disirnu'c  upon  that  kingdom. 

Opian  or  narcotine,  and  morphia,  may 
be  well  prepared  by  the  following  pro- 
cess. The  watery  infusion  of  opium  be- 
ing evaporated  to  the  consistence  of  an 
extract,  cverj-  3  parts  are  to  be  diluted 
with  one  anil' a  half  parts  in  bulk  of  wa- 
ter, and  then  mixed  in  a  retort  with  20 
I»arts  of  ether.  As  soon  as  5  parts  of  the 
ether  have  been  distilled  over,  the  narco- 
tic salt  contained  in  the  extract  will  be 
dissolved.  The  fluid  contents  of  the  re- 
tort, are  to  be  poured  hot  into  a  vessel 
ap»art,  and  the  residuum  being  washed 
with  5  other  parts  of  ether,  they  are  to  be 
added  to  the  former.  Crystals  of  narco- 
tine will  bo  obtained  as  the  solution  cools. 
The  remaining  extract  is  to  be  diluted  in 
the  retort  with  a  little  water,  and  the  mix- 
ture set  aside  in  a  cool  jilaee.  After  some 
time,  some  narcotine  will  be  found  crys- 
talli/td  at  the  bottom.  The  supernatant 
li<iuid  thus  freed  from  narcotine  being  de- 
canted ort",  is  to  be  treated  with  caustic 
ammonia  ;    and   the   precipitate  thrown 
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upon  a  filter.  This,  when  well  washed 
and  dried,  ia  to  be  boiled  with  a  quantity 
of  spirit  of  wine  at  0*84,  equal  to  thrice 
the  weight  of  the  opium  employed,  con- 
taining 6  parts  of  animal  charcoal  for 
every  nundred  parts  of  the  druff.  The 
alcoholic  solution  being  filtered  not,  af- 
ford!«,  on  cooling,  colorless  crystals  of 
morphia. 

This  alkali  may  be  obtained  by  a  more 
direct  process  without  alcohol  or  ether. 
A  solution  of  opium  in  vinegar,  is  to  be 
precipitated  by  ammonia :  tlie  washed 
precipitate  is  to  be  diAAolvcd  in  dilute  mu- 
riatic acid,  the  solution  is  to  be  boiled 
along  with  powdered  bone  blacky  filtered, 
and  then  precipitated  by  nmmonia.  This, 
when  washed  upon  a  filter  and  dried,  is 
white  morphia,  which  may  be  dissolved 
in  hot  alcohol,  if  fine  crystals  be  wanted. 
(See  Morphia.') 

OPSIOMETER,  An  instrument  for 
measuring  the  extent  of  the  limits  of  dis- 
tinct vision  in  different  individuals,  and 
consequently  for  determining  the  focal 
length  of  lenses  necessary  to  correct  im- 
perfections of  the  eye.  A  contrivance  for 
this  purpose,  by  m.  Lehot,  is  described 
in  the  Isotes  bv  M.  Quetelet  to  the  French 
translation  of  ilersckeVs  Treati«€  on  Li^ht. 
Its  principle  depends  on  the  appearance 
presented  by  a  straight  lino  placed  very 
near  the  eye,  in  the  direction  of  its  axis  ; 
and  the  princij»le  is  carried  into  practice 
by  placing:  a  thread  of  white  silk  on  a  nar- 
row rule  covered  with  black  velvet,  and 
furnished  with  a  suita>)le  aj^paratus  lor 
markinj^  the  exact  jKiints  at  wliicli  the 
thread  bcijins  and  ceases  to  bo  distinctly 
seen,  when  held  in  a  certain  position  with 
respect  to  the  eye.  An  instriunent  tor 
the  same  purpose,  on  a  different  principle, 
had  formerly  been  suggested  by  l>t. 
You  n  ST. 

OR<  'IN.  A  crystallizahle  colorinsr  mat- 
ter obtained  from  the  lechen,  Variola ria 
Orrirut. 

ORES.  (Germ,  erze.)  The  mineral 
bodies  from  which  metals  are  cxtracte<l. 
Metals  exist  in  the  ores  in  one  or  the 
other  of  the  four  followinir  states  :  1,  In 
a  metallic  state,  and  either  sojitarv  or 
combined  with  each  other ;  in  the  latt<r 
case  forming  alloys.  'J.  ConiV)ined  with 
sulphur,  forming'  sulplmrets.  8.  Com- 
bined with  oxyjjen,  lorininsr  oxides.  4. 
Combined  with  acids,  forniini;  carbonate'^, 
phosphates,  «S:c.,  which  generally  go  by 
the  name  of  metallic  salts. 

Ores  are  very  numerous.    There  arc  of 

Antimony 14  Ores. 

Arsenic 10 


Bi^matfa  5 

Cobalt  la 

Copper 81 

And  so  for  others. 

Cerlain  ores  which  contain  the  metals 
most  indispensable  to  human  necessities 
have  been  treasured  up  by  the  Creator  in 
very  bountiful  deposits,  constitnting 
either  great  masses  m  rocks  of  different 
kinds,  or  distributed  in  lodes,  vein^ 
nests,  concretions,  or  beds  with  stony  ana 
earthy  admixtures  ;  the  whole  of  which 
become  the  objects  of  mineral  explora- 
tion. These  precious  stores  occur  in  dif- 
ferent stages  of  the  geological  formations ; 
but  their  main  portion,  after  having  ex- 
isted abundantly  in  the  several  orders  of 
the  primary  strata,  suddenly  cease  to  be 
found  towards  the  middle  of  the  secon- 
dary. Iron  ores  are  the  only  ones  which 
continue  anions  the  more  modem  depo- 
sits, oven  so  nigh  as  the  beds  immedi- 
ately beneath  the  chalk,  when  they  also 
disappear,  or  exist  merely  as  coloring  mat- 
ters of  the  tertiary  earthy  beds. 

The  strata  of  gneiss  and  mica-slate  con- 
stitute in  Europe  the  grtmd  metallic  do- 
main. There  is  hardly  any  kmd  of  ore 
which  does  not  occur  there  in  sufiScicnt 
abundance  to  become  the  object  of  mining 
operations,  and  many  are  found  nowhere 
else.  The  transition  rocks,  and  the  lower 
j)art  of  the  secondary  ones,  are  not  so 
rich,  neither  do  they  contain  the  same 
variety  of  ores.  But  this  order  of  thin^, 
which  is  i)resented  bv  Great  Britain, 
(Jerniany,  France,  Swec^icn,  and  Norwnf , 
is  far  from  forming  a  general  law ;  since 
in  ciiuinoctial  Ameriai  the  gneiss  is  but 
little  metalliferous  ;  while  the  superior 
strata,  such  as  the  clay-schists,  the  sieni- 
tic  porphyries,  the  limestones,  which 
complete  the  transition  series,  as  also  se- 
veral secondary  deposits,  include  the 
greater  portion  of  the  immense  mineral 
wealth  (»f  that  region  of  theglolx?. 

All  the  substances  of  which  the  ordi- 
nary metals  form  the  basis,  are  not  equal- 
ly jibundant  in  nature  ;  atrreat  proportion 
of  the  numerous  mineral  species  which 
liLrnre  in  our  clussitications  are  mere  va- 
rieties sc:ittere<l  u]>  and  down  in  the  ciivi- 
tics  of  the  L^rcat  masses  or  lodes.  The 
workable  ores  are  few  in  number,  being 
mostl\  sulphurets,  some  oxiiles,  and  car- 
bonates. These  occasionally  form  of 
tluin-elves  very  lar<re  masses,  but  more 
frojucntly  they  arc  blendeil  with  lurn]>s 
of  «|uartz.  J'cls]Mir,  and  carbonate  of  lime, 
which  f'«rm  the  main  body  of  the  deposit ; 
as  liajtfH'ns  always  in  proper  lodes.  The 
ores  111  that  cjuse  are  arranged  in  layers 
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parallel  to  the  strata  of  the  formation,  or 
ID  veinA  which  traverse  the  rock  in  all 
directions,  or  in  nctits  or  concretions  sta- 
tioned irregularly,  or  Anally  disseminated 
in  hardly  visible  particles.  These  depo- 
sits sometimes  contain  apparently  only 
one  spedcB  of  ore,  sometimes  several, 
which  must  be  mined  together,  as  they 
seem  to  be  of  contemporaneous  forma- 
tion:  whilst,  in  other  cases,  they  are  se- 
parsole,  having  been  probably  formed  at 
different  enocns.  Under  the  particular 
metals  will  oe  found  igi  account  of  the  lo- 
calities of  ores,  <&c. ;  but  the  following 
general  observations  may  prove  useful  in 
presenting  a  condensed  resume  of  the 
whole  subject. 

1.  Tin  exists  principally  in  primitive 
rockb,  iippearing  either  m  interlaced  mass- 
es in  beos,  or  as  a  constituent  part  of  the 
rock  itself,  and  more  rarely  in  distinct 
veins.  Tin  ore  is  found,  indeeld,  sometimes 
in  alluvial  land,  filling  up  low  situations 
between  lofty  mountains. 

2.  Gold  occurs  either  in  beds  or  in 
veins,  frequently  in  primitive  rocks; 
though  it  is  also  found  in  other  forma- 
tions, and  particalarly  in  all n vial  earth. 
When  this  metal  exists  in  the  bosom  of 
primitive  rocks,  it  is  particularly  in 
schists ;  it  is  not  found  in  serpentine,  but 
it  is  met  with  in  grevwockc  in  Transylva- 
nia. The  gold  of  alluvial  districts,  called 
gold  of  washing  or  transport,  occurs,  as 
well  as  alluvial  tin,  omong  the  debris  of 
the  more  ancient  rocks. 

8.  Silver  is  found,  particularly  in  veins 
and  beds,  in  primitive  and  transition  for- 
mations ;  though  some  veins  of  this  me- 
tal occur  in  secondary  strata.  The  rocks 
richest  in  it  arc  gneiss,  mica-slate,  clay- 
nlate,  srreywacke,  and  old  alpine  limestone. 
Localities  of  silver-ore  itself  are  not  nu- 
merous, among  secondary  formations  ; 
but  it  occurs  in  combination  with  the  ores 
of  copper  or  of  lead. 

4.  Vopper  exists  in  the  three  mineral 
epochas:  1.  In  primitive  rocks,  princi- 
pally in  the  state  of  pyritous  com»er,  in 
oeds,  in  mosses,  or  in  veins ;  2.  In  tran- 
sition districts,  sometimes  in  masses, 
sometimes  in  veins  of  copper  pyrites  ;  3. 
In  secondary  strata,  especially  in  beds  of 
cupreous  schist. 

6.  Lead  occurs  also  in  each  of  the  three 
mineral  epochas  ;  abounding  particularly 
in  primitive  and  transition  grounds. 
where  it  usually  constitutes  veins,  and 
occasionally  beds  of  sulphuretted  lead 
(galena.])  The  same  ore  is  found  in  strata 
or  in  veins  among  secondary  rocks,  nsso- 
ciatci  now  and  then  with  ochrcous  iron- 


oxide  and  calamine  (carbonate  of  ziiio ;) 
and  it  ia  sometimes  disseminated  in  grains 
through  more  recent  strata. 

6.  mm  is  met  with  in  four  different 
mineral  eras,  but  in  different  ores. 
Among  primitive  rocks  magnetic  iron  ore 
and  specular  iron  ore  occur  chiefly  in 
beds,  sometimes  of  enormous  size  :  the 
ores  of  red  or  brown  oxide  of  iron  (h»- 
matite)  are  found  generally  in  veins,  or 
occasionally  in  mosses  with  sparry  iron, 
both  in  primitive  and  transition  rocks; 
OS  also  sometimes  in  secondary  strata; 
but  more  frequently  in  the  cool-measure 
strata,  as  beds  of  clay-ironstone,  of  glo- 
bular iron  oxide,  and  carbonate  of  iron. 
In  alluvial  districts,  we  find  ores  of  clay- 
ironstone,  granular  iron-ore,  bog-ore, 
swamp-ore,  and  meadow-ore.  The  iron 
ores  which  belong  to  the  primitive  period 
have  almost  always  the  metallic  aspect, 
with  a  richness  amounting  even  to  80  per 
cent,  of  iron,  while  the  ores  in  the  poste- 
rior formations  become,  in  general,  more 
and  more  earthy,  down  to  those  in  fdlu- 
viol  soils,  some  of  which  present  the  ap- 
pearance of  a  common  stone,  and  offord 
not  more  than  20  percent,  of  metal,  though 
its  quality  is  otYen  excellent. 

7.  Mercury^  as  a  sulphuret,  occurs  prin- 
cipollv  among  secondary  strata  in  dissem- 
inated masses,  alon?  with  combustible 
substances ;  though  the  metal  is  met  with 
occasionally  in  primitive  countries. 

8.  Cohali  belongs  to  the  three  mineral 
epochas  ;  its  most  abundant  deposits  ore 
veins  in  primitive  rocks  ;  small  veins  con- 
taining this  metal  arc  found,  however,  in 
secondary  strata. 

9.  Antimany  occurs  in  veins  or  beds 
among  primitive  and  transition  rocks. 

10.  Bismuth  and  nickel  do  not  appear 
to  constitute  the  predominating  substance 
of  any  mineral  neposits ;  but  they  often 
accompany  cobalt. 

11.  Zinc  occurs  in  the  three  several  for- 
mations ;  namely,  as  snlphurct,  or  blende, 
particularly  in  primitive  and  transition 
rocks ;  as  calannne,  in  secondary  strata, 
usually  along  with  oxide  of  iron,  and 
sometimes  with  sulphuret  of  lead. 

In  the  analysis  ot  ores,  it  is  impossible 
to  lay  down  any  general  rule,  so  numer- 
ous are  the  ores  tiiemsclves,  and  so  di- 
versified the  means  nccessnr>'  to  be  adopt- 
ed in  the  various  analytic  processes,  len- 
der each  particular  nietal  will  be  found  im 
account  of  its  ino.st  important  ores,  and 
we  shall  here  restrict  onrHelves  to  a  few 
general  remarks  on  the  theory  of  smelting 
ores. 

It  is  probable  that  the  coaly  matter  em- 
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ployed  in  that  proccM  is  not  the  immsdi- 
ate  afrent  of  their  reduction :  bat  the  char- 
coal scemn  firi*t  of  all  to  be  transformed 
by  the  atniOHpherical  oxygen  into  the  ox- 
ide of  carbon,  which  gaseous  product  then 
Burrounds  and  penetrates  the  interior  sub- 
stance of  the  oxides,  with  the  etfect  of  de- 
composing them,  and  carrying  off  their 
oxygen.  That  this  is  the  true  mode  of 
action,  is  evident  ft'om  the  well-known 
facts  that  burs  of  iron,  stratified  with 
pounded  charcoal,  in  the  steel-cementa- 
tion chest,  most  readily  absorb  the  car- 
bonaceous principle  to  their  innermost 
centre,  while  their  surfaces  get  blistered 
by  the  expansion  of  carVjurettcd  g:u4es 
formed  within  ;  and  that  an  intermixture 
of  ores  and  charcoal  is  not  always  neces- 
sary to  reduction,  but  merely  an  inter- 
Btratiflcation  of  the  two,  without  intimate 
oontact  of  the  particles.  In  this  case,  the 
carbonic  acid  which  is  jrenerated  at  the 
lower  surfaces  of  contact  of  the  strata, 
rising  up  through  the  first  bed  of  iL'uited 
charcoal,  becomes  converted  into  carbonic 
oxide ;  and  this  gaseous  matter,  passing 
up  through  the  next  layer  of  ore,  seizes 
its  oxygen,  reduces  it  to  metal,  and  is  it- 
self thereby  transtbrmcd  once  more  into 
carbonic  acid  ;  and  so  on  in  continual  al- 
ternation. It  may  be  laid  down,  however, 
as  a  general  rule,  that  the  reduction  is  the 
more  rapid  and  complete  the  more  inti- 
mate the  njixture  of  the  charcoal  and  the 
metallic  oxide  has  been,  booau'^e  tlie  for- 
mation of  both  the  carbonic  acid  and  car- 
bonic oxide  becomes  thereby  more  easy 
and  direct.  Indeed  the  cementation  of 
iron  bars  into  steel  will  not  snco(«Ml,  un- 
Ic'^s  the  charcoal  he  so  porous  as  to  con- 
tain, interspersed,  enough  of  air  to  favf>r 
the  oomnien<'eiiiont  of"  its  coiiVL'j*siofi  into 
the  L'a--'eous  oxide;  thus  aetinir  like  a  fer- 
ment in  l)re\vinsr.  Ilcnoe,  also,  finely 
pulveri/ed  charcoal  docs  not  answer  well, 
unlc'^s  a  quantity  of  irrouii*!  iron  cinder  or 
oxide  of  inanirunese  be  blended  with  it, 
to  atlord  ciioUirh  ot  oxyjcn  to  bcL^in  the 
generation  ot' carbonic  oxide  l^ms  ;  whcri'- 
by  the  successive  traiist'onnations  into 
acid  and  oxide  are  put  in  train. 

Iron  is  the  ino>,i  abundant  of  ores  our 
countrv  atfords.  It.s  value  is  ten  times 
that  ot  L'old  and  silver,  ami  one  half  the 
value  of  all  the  metals  produce. 1  in  tlic 
United  States,  Iron  is  found  m  every 
State  of  the  Union. 

The  most  valual»lc  mine  is  one  in  Salis-  [ 
bury,  Ct.,  which  yields  :'.,noo  um-<  annu- 
ally.    The  mines  in  l)uchc-is  and  ("..hiin- 
bia   counlii"',  in  the  Stale  of  New-Vork, 
produce  2«>,ooo  tons  of  ore  ;  E>SfX  county,  , 


1,500  tons ;  Clinton,  8,000 ;  Franklin,  600; 
St.  Lawrence,  2,000 ;  amonnting  in  all  to 
more  than  $i>0(),000.  The  value  of  the 
iron  produced  in  the  United  States,  in 
1885,  was  $5,000,000;  In  1837,  $7,700,000. 

In  Ohio,  1,200  souare  miles  are  under- 
laid with  iron.  A  region  explored  in 
1838  would  furnish  iron  Bixty-one  miles 
long,  and  six  miles  wide ;  a  square  would 
yield  8,000,000  tons  of  pig-iron ;  so  that 
this  district  would  contain  l,000,C»00,tV»0 
tons.  By  taking  from  this  region  400,000 
tons  annually,  (a  ||irger  quantity  than 
England  prociuced  previous  to  1*829,)  it 
would  last  2,700  years — as  long  a  distance, 
certainly,  as  any  man  looks  ahead !  In 
the  States  of  Kentucky  and  Tennessee, 
100,000  tons  are  annually  manufactured. 

The  most  extensive  lead  mines  in  the 
world  are  in  Missouri,  where  the  lead  re- 
gion is  seventy  miles  lonu  by  fifty  wide. 
These  mines  in  1826,  produwd  7,500,000 
tons,  and  the  whole  produce  of  the  United 
States  was  8,822,105. 

Tlie  quantity  of  lead  manufactured  in 
the  United  States,  in  182S,  was  12,311,780 
lbs.;  in  1829,  14,541,810  lbs.;  in  1888, 
8,3a2,l(i5;  and  in  1842,  4,281,687. 

The  copper  trade,  until  within  a  year 
or  two,  has  not  been  of  much  importance, 
as  the  results  of  the  efforts  made  were 
not  such  as  to  justify  any  great  opera- 
tions. But  now  it  appears  to  be  attract- 
ir»ir  a  i:ood  deal  of  attention.  Whether 
the  demand  of  the  copper  stock  is  a  fair 
index  to  the  value  of  the  copper  regions 
renuiins  to  be  seen. 

OKPIMENT  occurs  in  indistinct  crys- 
talline particles,  and  sometimes  in  oblique 
rhoinboidal  prisms;  but  for  the  most 
j»art,  in  kidney  and  other  imitative  fonns; 
It  ha>  a  scaly  and  L'ranular  as|>ect;  tex- 
ture foliated,  or  radiated;  fracture  small 
granular,  passing  into  conchoidal ;  splin- 
tery, opaque,  shining,  with  a  weiik  dia- 
mond lustre;  lemon,  orange,  or  honey 
yellow;  sometimes  green  ;  specific  grav- 
ity. .3-44  to  8-6.  It  is  found  in  floetz 
rocks,  in  marl,  clay,  sandstone,  along 
with  real'.'ar,  lead-irlance,  pyrites,  and 
blende,  in  many  parts  of  the  world.  It 
volatilizes  at  the  blow|»i[>c.  It  is  used  as  a 
piL'nient,  and  is  a  yellow  sulphuret  of  ar- 
>cnic. 

The  tine•^t  specimens  come  from  Persia, 
in  biilliant  yellow  masses,  of  a  'amellar 
texture,  called  ijoUlen  orpimcnt. 

.Artititial  orpimcnt  is  numufactured 
ehictlv  ni  Saxonv,  iiv  subliminir  in  cast- 
iron  (iicurbits,  surmounted  by  conical 
ca^t-iron  capitals,  a  mixture  in  due  pro- 
poitiona  of  sulphur  and  arsenious  acid 
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(white  anenic).  As  thus  obtained,  it  is 
in  yellow  compact  opaque  masses,  of  a 
glassy  aspect ;  offoraing  a  powder  of  a 
pale  yellow  color.  Genuine  orpiment  is 
often  adulterated  with  an  ill-made  com- 
pound; which  is  sold  in  England  by 
the  preposterous  name  of  king's  yellow. 
Tills  flctitiouB  substance  is  frequently  no- 
thing else  than  white  arsenic  combined 
with  a  little  sulphur ;  and  is  quite  soluble 
in  water.    It  is  therefore  a  deadly  poison. 

The  first  kinds  of  native  orpiment  are 
re«er\'cd  for  artists  ;  the  inferior  are  used 
for  the  indigo  vat.  They  are  all  soluble 
in  alkaline  Icvs,  and  in  water  of  ammonia. 

ORRIS  ROOT.  The  root  of  the  Iris 
Florentina.  It  has  an  agreeable  odor, 
much  like  violets,  and  is  sometimes  used 
in  perfumed  powders  ;  it  is  also  turned 
into  little  balls  for  issues,  called  or ri^ pant, 

ORTHITE,  A  mineral  which  occurs 
in  straight  rays  or  layers  in  Scandinavian 
granite.    It  contains  cerium  and  yttria. 

OSCILLATION.  In  mechanics,  the 
vibration  or  alternate  ascent  and  descent 
of  a  pendulous  body.  The  centre  of  os- 
cillation is  a  point  in  the  oscillating  bodv, 
such  that  if  all  the  matter  of  the  body 
were  there  collected^  the  oscillations 
would  be  performed  m  the  same  tiujc. 
The  axis  of  oscillation  is  a  straight  line 
passing  through  the  point  of  suspension 
parallel  to  the  horizon,  or  pcrj^cndicular 
to  the  plane  in  which  the  oscillation  is 
made.  Oscillations  in  small  arcs  of  a 
circle,  or  in  cycloidal  arcs  of  any  length, 
are  isochronal  or  perfonned  in  equal  times. 

OSMAZOME,  The  extractive  matter 
of  muscular  fibre,  which  gives  the  pecu- 
liar smell  to  boiled  meat,  and  flavor  to 
broth  and  soup. 

OSMIUM.  A  metallic  substance  found 
associated  with  the  ore  of  jilatinum  ;  its 
peroxide  is  extremely  volatile,  and  has  a 
peculiar  pungent  odor,  which  suuijrestcd 
the  name  of  the  metal :  from  oa^>q  inlor. 
Neither  osmium  nor  its  compounds  liavc 
been  applied  to  any  use,  and  it  is  a  rare 
Bubstimce. 

OTTAR,  or  OTTAR  OF  ROSES.  The 
volatile  or  odorous  oil  of  the  rose  :  it  is  of 
a  sott,  buttery  consistence,  and  deposits, 
when  fluid,  a  crjstaJlizablc  portion,  which 
is  sparingly  soluble  in  alcohol :  it  is  much 
used  as  a  perlume.  The  finest  ottar  of 
roses  is  prepared  at  Ghazedpore  in  India. 

OXALATES.    SalU  of  the  oxalic  acid. 

OXALIC  ACID.  A  veu'ttahle  acid, 
first  discovered  in  the  juice  of  the  Ojati/t 
acetoseUa ;  it  was  altefwards  ascertained 
that  the  same  acid  might  be  produced  ar- 
tificially by  the  action  of  the  nitric  acid 


upon  sugar ;  this  process  yields  it  in  slen- 
der prismatic  ciystals,  mtensely  soar, 
and  soluble  in  about  ten  p«rts  of  cold  wa- 
ter. These  crystals  consist  of  1  atoni  of 
real  acid,  and  8  of  water :  the  equivalent 
of  the  acid  is  86 ;  and  in  its  anhydrous 
state,  as  it  exists  in  the  dry  oxalates,  it 
is  constituted  of  2  atoms  of  carbon  (6X2) 
=12,  and  8  of  oxygen  (8X8)=24 :  so  that 
it  may  be  represented  bv  an  atom  of  car- 
bonic acid  and  one  of  carbonic  oxide. 
Solutions  of  oxalic  acid,  or  of  soluble  ox- 
alates, yield  an  insoluble  precipitate  in 
solutions  containing  lime  and  its  salts: 
hence  its  use  in  the  laboratory  as  a  test 
of  the  presence  of  that  earth.  The  solu- 
tion or  oxalate  of  ammonia  is  generally 
used  for  the  purpose.  0.xalio  acid  is  a 
powerful  poison,  and,  from  its  rcsem- 
olonce  to  Epsom  salt,  it  has  sometimes 
been  sold  and  mLstaken  for  that  harmless 
aperient.  In  such  cases,  the  best  anti- 
dote is  a  mixture  of  chalk  and  water,  and 
wliere  it  is  immediately  administered  it 
generally  prevents  the  accession  of  fatal 
symptoms :  it  forms  an  insoluble  oxalate 
of  lime,  which  is  inert. 

It  is  usually  prepared  upon  the  small 
scale  by  digestmg  four  parts  of  nitric  acid 
of  8[)ccific  gravity  I'd,  ui>on  one  part  of 
sugar  in  a  glass  retort ;  nut  on  the  large 
scale,  in  a  scries  of  salt-glazed  stoneware 
pipkins,  two  thirds  filled,  and  set  in  a 
water  bath.  The  addition  of  a  little  sul- 
phuric acid  has  been  found  to  inczeaso 
the  product.  15  pounds  of  sujjar  yield 
fully  17  pounds  of  the  crystalline  acid. 
This  acid  exists  in  the  juice  of  wood  sor- 
rel, the  ox<ili*t  acct'ost'lla^  in  the  state  of  a 
bioxalate  ;  from  which  the  salt  is  extract- 
ed as  an  object  of  commerce  in  Switzer- 
land, and  sold  under  the  name  of  salt  of 
sorrel,  or  sometimes,  most  incorrectly, 
under  that  of  salt  of  lemons. 

Some  prefer  to  make  oxalic  acid  by  act- 
intr  upon  4  parts  of  sugar,  with  24  parts 
of  nitric  acid  of  specific  gravity  1*220,  heat- 
ing the  solution  in  a  retort  till  the  acid 
begins  to  decompose,  and  keeping  it  at 
this  temperature  as  long  as  nitrous  gas  is 
disengaged.  The  sugar  loses  a  portion 
of  its  carbon,  which,  combining  with  the 
oxygen  of  the  nitric  acid,  becomes  car- 
bonic acid,  and  escapes  along  with  the 
deutoxidc  of  nitrogen.  The  renuiining 
carbon  and  hydrogen  of  the  sugar  being 
oxitlizcd  at  the  expense  of  the  nitric  acid, 
generate  a  mixture  of  two  acids,  the  ox- 
alic and  the  malic.  Whenever  giis  ceases 
to  issue,  the  retort  must  be  removed  from 
the  source  of  heat,  and  set  aside  to  cool; 
the  oxalic  acid  crvstallizes,  but  the  malio 
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reixudjDB  diflsolved.  After  dnuning  these 
orvstals  upon  a  filter  funnel,  if  the  brown- 
ish liauia  be  further  evaporated,  it  will 
fnmisn  another  crop  of  them.  The  re- 
siduary mother  water  is  generally  regard- 
ed as  malic  acid,  but  it  also  contains  both 
oxalic  and  nitric  acids ;  and  if  heated 
with  6  parts  of  the  latter  acid,  it  will 
yield  a  f^ood  deal  more  oxalic  acid  at  the 
expense  of  the  malic.  The  brown  crystal* 
now  formed  beine,  however,  penetrated 
with  nitric,  as  well  a»  malic  acid,  must  be 
allowed  to  dry  and  eflBorei*ce  in  warm  dry 
air,  whereby  the  nitric  acid  will  be  got 
rid  of  without  injury  to  the  oxalic.  A 
second  cr>'8tallization  and  efflorescence 
will  entirely  dissipate  the  remainder  of 
the  nitric  acid,  so  us  to  afford  pure  oxalic 
acid  at  the  third  crj'sialUzation.  Sugar 
affords,  with  nitric  acid,  a  purer  oxalic 
acid,  but  in  smaller  quantity,  than  saw- 
dust, glue,  silk,  hairs,  and  several  other 
animal  and  vegetable  substxinccs. 

Oxalic  acid  occurs  in  a^trrccrated  prisms 
when  it  crystallizes  rapidly,  but  in  tables 
of  4  and  6  sides  when  crystallized  more 
slowlv. 

0^1  DE.  Compounds  containing  oxy- 
gen, but  which  are  not  acid^  have  been 
termed  oxides.  The  metallic  oxides  are  a 
most  important  class  of  bodies.  To  desig- 
nate the  diifcrent  oxides  of  one  base  we 
generally  use  the  first  syllable  of  the  Greek 
ordinal  numerals,  designating  the  first,  se- 
cond, third,  &c.,  oxides  by  tlie  terms  pro- 
toxidW,,  deutoxide,  tr'doxi  /^,  &c. ;  an<l  when 
the  base  is  saturated  with  oxytren,  (still 
not  acid)  it  is  termed  a  jxroxuh.  Com- 
pounds of  bases  with  one  atom  and  a  half 
oxygen,  or  of  two  base  and  three  oxvL'en, 
are  now  generally  distiiiiruislied  by  the 
term  sesquioxidex.  Deiitoxides  and  trit- 
oxides  are  commonly  called  blnoxidcs  and 
teroxnh^. 

OXYGEN.  This  important  element 
was  discovered  in  1774,  by  Dr.  Priestly. 
It  has  been  termed  d*phhHjiMicn(td  air, 
vital  airy  and  cmpi/rtal  air.  As  it  t'orms 
a  component  part  of  many  of  the  acids,  it 
was  termed,  at  the  framing  of  the  now 
nomenclature,  ofiftjt:n  j/t/,v.  There  are 
sevend  compounds  of  oxygen,  which, 
when  exposed  to  heat,  are  dccompo.scd, 
and  yielcl  the  tras  in  a  state  of  purity  :  of 
these  the  best  is  chlorate  of  potash  ;  hut 
as  that  salt  is  expensive,  wo  Lrenerally  re- 
sort to  black  oxide  of  manLMiicse,  which, 
ot  a  dull-red  heat,  gives  out  a  considor- 
able  quantity  of  tolerahly  pure  oxyLn-n 
gas.  Oxide  of  manjjancse,  or  bichronuitc 
of  itotn^'^,  heated  with  sul[.liuric  acid, 
giveb  out  oxvj^en. 


Oxygen  gas  is  colorless,  tasteless,  and 

inodorous;  it  is  electro-negative,  and 
therefore,  when  compounds  containing  it 
are  electrically  decomposed,  it  always  ap- 
pears at  the  positive  surface.  It  is  a  lit- 
tle heavier  than  atmospheric  air,  in  the 
proportion,  that  is,  of  11  to  10;  100  cub- 
ical inches  weighing  84*6  grains.  It  is 
not  absorbed  by  water,  and  is  neither 
acid  nor  alkaline.  It  has  a  powerful  at- 
traction for  most  of  the  simple  substances, 
especially  for  the  electro-positive  bodies : 
the  act  of  combining  witn  it  is  called  ox- 
idation. The  compoands  thus  formed 
are  divided  into  acids  and  axid^ :  amocj; 
the  latter  are  the  alkalies,  and  almost  au 
salifiable  bases.  Oxidation  is  of^en  attend- 
ed with  the  evolution  of  heat  and  light, 
as  in  all  processes  of  combnstion  in  at- 
mospheric air :  sometimes  it  is  slow,  and 
unattended  with  such  phenomena,  as  in 
the  gradual  rusting  of  metals.  Oxygen  is 
a  most  powerful  supporter  of  combustion ; 
it  constitutes  one  fltth  of  the  bulk  of  the 
atmosphere,  and  is  the  principle  which 
enables  combustible  bodies  to  bum  in  it. 
The  product  of  combustion,  that  is,  the 
oxide  or  acid,  is  sometimes  itself  gaseous, 
a.s  when  charcoal,  by  burning,  is  convert- 
ed into  carbonic  acid ;  or  it  is  liquid,  as 
hydrogen,  by  combustion,  produces  wa- 
ter; or  it  is  solid,  as  when  iron,  by  burn- 
ing, produces  oxide  of  iron.  Oxygen  gas 
is  also  essential  to  respiration  ;  that  is, 
to  the  evolution  of  carbonic  acid  from  the 
blood. 

OXIDATION  OF  METALS  is  effect- 
ed either  by  the  air  and  heat,  by  burning 
with  nitrate  of  potash,  by  water,  bv  acid- 
ulous solution,  the  excess  of  acid  being 
subsequently  withdrawn  by  an  alkali,  or 
other  huhstance  of  greater  atJinity. 

Oxidation  renders  metals  susceptible  of 
the  action  of  acids,  and  hence  tlieir  va- 
riety of  salts.  If  the  metal  becomes  a 
salt,  it  was  previously  ;ui  oxide,  or  was 
oxidized  in  tlic  process. 

To  oxidize  metals,  after  thev  are  melt- 
ed  they  are  cx[>osed  in  the  furnace  in  a 
flat  di-^h,  and  >lirred.  Zinc  and  mereurj' 
vaporize  and  require  one  to  be  exposed 
to  air  previously,  and  the  other  in  a  long- 
nccked  vessel,  that  it  may  not  wholly 
escape,  and  yet  rise  to  contact  with  air. 

At\cr  metals  are  melted  and  burned 
they  form  oxi»lcs,  S  of  which  arc  white; 
iron,  lejul.  copper,  mnnL'nnese,  and  mer- 
curv,  wliirii  are  red,  or  black,  or  yellow. 
SiUer.  too.  is  olive,  and  antimonv  vellow. 
Further  heat  converts  these  powders  mto 
Lrhi->,  and  thev  sire  generally  soluble  in 
aeiWs  or  alkalies.     Heated  with  eharcotJ, 
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onrburet  of  iron,  oil,  Ac.,  they  may  be 
rentored  to  the  metallic  form. 

Iron  combines  with  28-75  and  48*12  of 
oxy^ren  in  100,  to  form  its  black  and  red 
oxide. 

Zinc  with  24-24. 

Arsenic  with  84-98  and  62*4. 

Manganese  with  28*76  and  57*5. 

Bismnth  with  11*28. 

Antimony  18*6. 

Copper  12*5  for  red,  and  2*5  for  black. 

Silver  7*272. 

Mercnry  4  for  black,  and  8  for  red. 

Lead  11*58  for  red,  and  15884  for 
brown. 

The  alkaline  metals  absorb  still  more : 
mafrnesium  66*6,  sodium,  88-8,  calcium 
88-89,  potassium  20,  and  barium  11*42 
all  white. 

Gold  affords  2  chemical  oxides,  and  its 
leaves  are  changed  to  purple  color  by 
elfictrici  tv« 

PACKING  for  Staffing  Boxes.  Mr. 
W.  H.  Shock,  assistant-engineeer,  U.  S. 
K.,  Philadelphia,  has  invented  an  im- 
provement in  soft  metal  packing,  which 
appears  to  be  a  good  one,  and  for 
which  he  has  taken  measures  to  se- 
cure a  patent.  It  is  designed  for  the 
stuffing-box  of  a  steam  cylinder  around 
the  piston-rod,  and  consists  of  sectional 
conical  cups  of  soft  metal  fitted  into  cor- 
responding cups  in  brass  or  iron  rings, 
acted  on  by  the  piston-rod  and  a  hellielo 
spring,  so  as  to  be  elastic,  and  f^om  tlie 
peculiar  shape  of  the  soft  metal  packing 
and  the  action  of  the  spring,  the  packing 
is  always  kept  close  up  or  binding  on  the 
piston-rod,  however  much  it  may  be  out 
of  line. 

PACKFONG.  The  Chinese  name  of 
the  alloy  of  nickel  and  copper  commonly 
called  German  silver.  It  is  an  alloy  of  7 
parts  of  zinc,  2-5  copper,  and  6*5  nickel. 

PACOS.  The  Peruvian  name  of  un 
earthy-looking  ore,  which  consints  of 
brown  oxide  of  iron,  with  imperceptible 
particles  of  native  silver  disseminated 
through  it. 

PADDING,  in  calico-printing,  is  the 
impreirnation  of  the  cloth  with  a  mordant. 

PADDLE.  A  kind  of  our  used  by 
savage  nations  in  navigating  their  cunoes. 
The  paddle  is  broader  at  the  end  than 
the  common  oar;  and  being  employed  at 
the  stem  of  the  canoe,  not  only  impels 
her  forwards,  but  regulates  her  course 
exnctlv  like  a  rudder. 

PADDLE-WHEELS  are  the  rotating 
levers  with  which  steam  or  other  power 
acts  neainst  water,  in  propelling  a  vessel. 
The  idea  is  not  new,  lor  rotating  paddles 


were  turned  by  oxen,  &c.,  in  the  Middle 
Ages.^  Many  patent  improvemente  and 
varieties  of  form  have  oeen  proposed ; 
the  chief  object  is  to  keep  them  vertical  to 
the  water,  and  this  has  oeen  effected  by 
an  extra  arm,  worked  by  cramps,  in  con* 
nection  with  the  pivot  of  the  float-boards, 
which  turn  on  the  arms. 

It  has  been  proposed  to  work  paddles 
by  sails^  in  certain  cases,  especially  when 
any  accident  befalls  the  boiler  or  works 
of  the  engine. 

Woodcraft  proposes  to  make  paddles  of 
spiral  vanes,  with  increasing  angles  of  in« 
clination  with  the  axis  and  increasing  dis- 
tance,  and  has  taken  oat  a  patent  for  the 
idea. 

PAINT,  Use  of.  It  is  not  an  nncom- 
mon  thing  for  some  [»aints,  especiaUv 
when  exposed  to  the  atmosphere,  to  rub 
off  like  whitewash,  after  they  have  been 
put  on  for  about  six  or  eight  months. 
We  have  known  white  paint  do  this,  al- 
though both  the  oil  ana  white  lead  were 
said  to  be  good.  In  respect  to  white 
paint,  which  is  most  extensively  used, 
there  are  three  things  which  mav  be  the 
causes  of  its  inferiority  and  ruboing  off. 
These  are  bad  oil,  bad  lead,  and  too  much 
turpentine.  The  best  linseed  oil  onlv 
should  be  used,  and  it  should  be  boiled, 
but  not  too  long  nor  at  too  great  a  heat. 
Linseed  oil  is  ffeouently  adulterated  with 
sun-flower  oil,  wnich  is  very  inferior  to 
that  of  lin:?eed. 

Sometimes  white  lead  is  sold  which  is 
very  inferior  to  others,  but  painters  know 
how  to  judge  between  the  good  and  bad. 
The  best  can  easily  be  ascertained  by 
painters  from  the  quantity  of  oil  required 
to  give  it  proper  consistency.  In  mixing 
paints,  there  should  be  no  turpentine  at 
all  used  for  outside  work  (at  most  the 
pinulleat  possible  quantity),  because  the 
turpentine  makes  a  soap  ot  the  oil,  conse- 
quent! v,  it  soon  will  rub  off  or  be  washed 
away  by  storms.  Ac.  The  only  benefit 
of  iJoiling  linseea  oil  is  to  drive  'away  its 
moisture,  and  ammonia,  so  that  the  glu- 
ten of  the  oil  will  form  a  beautiful  skin 
or  varnish,  when  drj',  to  protect  the  lead 
from  the  clTeots  of  the  atmosphere. 
While  turpentine  forms  a  good  varnish 
with  resins  undgnnis,  its  combination  with 
oil  is  altogether  ditierent,  forming  a  soap: 
hence  those  who  know  not  this  fact,  ana 
use  too  much  turpentine  with  their  paints 
for  outside  work,  may  expect  to  see  it  dis- 
ap{>ear  before  it  is  very  old.  The  best  way 
to  put  on  white  lead  for  outside  work,  is 
to  eoimnence  with  a  very  thin  coat,  and 
I  let  it  dry  perfectly.     It  is  l)ettcr  to  put  on 
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four  thin  ooats,  one  after  another,  than 
two  thick  ones.  The  labor,  to  be  snre,  is 
more  expensive,  but  those  who  buy  their 
own  paint,  and  use  it  in  the  countiy,  will 
And  out  that  it  will  be  a  saving  in  the 
ond. 

In  painting  woodwork,  the  first  opera- 
tion consists  in  killing  the  knots,  from 
which  the  turpentine  would  otherwise 
exude  and  spoil  the  work.  To  effect  this. 
the  knots  are  covered  with  Iresh  slakea 
lime,  which  dries  up  and  bums  out  the 
turpentine.  When  this  has  been  on 
twenty-four  hours,  it  is  scraped  off,  and 
the  knots  painted  over  with  a  mixture  of 
red  and  wnite  lead,  mixed  with  glue  size. 
After  this  they  are  gone  over  a  second 
time  with  red  and  white  lead,  mixed 
with  linseed  oil.  When  dry  they  must 
be  rubbed  perfectly  smooth  with  pumice 
stone,  and  the  work  is  ready  to  receive 
the  priming  coat.  This  is  composed  of 
red  and  white  lead,  well  diluted  with  lin- 
seed oil.  The  nail  holes  and  other  imper- 
fections are  then  stopped  with  putty,  and 
the  succeeding  coats  are  laid  on,  the  work 
bein^  rubbed  down  between  euch  coat, 
to  brinsr  it  to  an  even  surface.  The  first 
coat  alter  the  priminj?  is  mixed  with  lin- 
seed oil  and  a  little  tuq>entine.  In  laving 
on  the  second  coat,  where  the  worTk  is 
not  to  be  finished  white,  an  anproach 
must  be  made  to  the  requirea  color. 
The  third  coat  is  usually  the  last,  and  is 
made  with  a  base  of  white  lead,  mixed 
with  the  rcqni(*ite  color,  and  diluted  with 
one  third  or  linseed  oil  to  two  thirds  of 
turpentine,  for  inside. 

l^ttintinsf  on  stucco,  and  all  other  work 
in  which  the  surface  ia  rec^uired  to  he 
without  gloss,  lias  on  additional  co;it 
mixed  with  turpentine  onlv,  which,  t>(»Tn 
its  drving  of  one  uniform^t?^  tint,  is  cull- 
ed a  batting  coat. 

If  the  knots  show  thronijh  the  second 
coat,  they  must  be  carefully  covered  with 
silver  leaf. 

Work  finished  as  above  desorilu'd 
would  be  technically  s]>eeiticd  as  knotted, 
primed,  painted  .3  oils,  and  flatted. 

Flattintr  is  ahnost  indispcnsiiblc  in  ull 
deliciite  intciior  work,  hut  it  is  not  Miitod  i 
to  outside  work,  as  it  will  not  boar  expos- 
ure to  the  weather. 

Painting  on  stucco  is  primed  with  > 
ly>ilcd  linseed  oil,  and  sh<»ula  then  receive 
at  least  three  coats  of  white  lead  and  nil, 
and  be  finished  with  a  lint  tint.  The 
preat  secret  of  success  in  painting  stucco 
IS,  that  the  surface  should  be  })crtcctly 
dry;  nnd,  as  this  can  hardly  V)e  the  ca>c 
in  less  than  two  years  atVcr  the  erection 


of  a  building,  it  will  always  bo  advisable 
to  finish  new  work  in  diBtemper,  which 
can  be  washed  off  whenever  the  walls  are 
sufficiently  dry  to  receive  the  permanent 
decorations. 

PAINT,  New  White.  Two  varietica 
of  wlilte  are  now  in  the  market  as  a  sub- 
stitute for  lead.  One  is  the  white  oxide 
or  the  sesquioxide  of  antimony,  which 
was  lately  brought  into  notice  in  France, 
and  has  been  much  used  in  England.  It 
does  not  darken  by  exposure  to  air  or 
sulphuretted  vapors,  and  nas  a  good  body : 
it  is  also  cheaper  tnan  white  lead.  The 
other  variety  has  been  brought  into  no- 
tice here  by  the  New  Jersey  Zinc  Manu- 
facturing Company,  who  have  prepared 
the  fiowers  or  white  oxide  of  zinc  for  that 
purpose.  It  is  a  cheap  and  harmless 
paint,  does  not  alter  or  blacken  like  lead, 
out  it  does  not  appear  in  itself  to  have 
sufficient  body  to  recommend  its  exten- 
sive use. 

PAINTING  HOUSEWORK  is  effected 
for  the  most  part  by  priming,  and  then 
applying  two  or  three  coats  of  white  lead 
or  ceruse,  in  linseed  oil.  Colors  are  add- 
ed at  pleasure,  of  lamp-black,  red  lead  or 
ochres,  or  pigments. 

Priming,  used  by  painters  for  new 
woodwork,  is  a  thin  solution  of  white 
and  red  lead  in  linseed  oil. 

Mtxihle  Paint.  (For  Canvas.)  In  a 
hot  soup  lev,  of  water  6  lbs.,  and  soap  1 
lb.,  stir  well  112  lbs.  of  oil  paint,  and  use 
while  warm. 

Jidiff.  London  painters  produce  strik- 
in?  relief  in  inscriptions.  The  main  sur- 
face is  trold,  as  a  middle  tint.  The  strong 
liirht  of  yellow  ochre  and  white  is  placed 
at  the  si(le,  and  the  upper  and  under  part 
is  in  warm  shade.  A  very  strong  sha- 
dow is  seen  under  this,  upon  the  rose- 
wood, which  makes  the  warm  shade  ap  - 
licar  as  a  reflected  light,  and  a  fainter 
shadow  is  put  in  beyond  this.  The 
eticct  is  so  masterly,  that  it  is  difficult 
to  tell  whether  the  letters  arc  raised  or 
not. 

Whlt^  Paint.  Rkim  milk  2  qts. ;  fre^h 
slaked  lime  *^  oz. ;  linseed  oil  6  o/.. ;  white 
Piurirnndy  ]>itcli  2  oz. ;  Spanish  while  3 
lbs.  The  lime  must  be  slaked  in  water, 
exposed  to  the  air,  mixed  in  about  one 
fourth  of  the  luilk  ;  the  oil  in  which  tlie 
]otch  is  previously  dissolved  must  be 
added  «rradu!illy,  then  the  rest  of  the 
milk,  and  afterwards  the  Spanish  white. 
Till-*  quantity  is  sufficient  for  27  square 
yards,  two  coats,  and  the  expense  not 
more  than  I'ld. 

>jhi/ti.s/i  UTiift  \n  nuide  by  grinding  fine 
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chalk  with  1-lOthof  alumin  water,  shak- 
iDg  and  drving  in  the  ur  and  then  in  fire. 

Cheap  Paint.  Gas-tar  mixed  with  yel- 
low ocnre  makes  an  excellent  green  paint, 
well  adapted  for  preserving  coarse  wood- 
work and  iron  rails. 

PAINTING  ON  GLASS  is  effected 
chiefly  hy  colors  derived  from  metals. 
The  colors  are  Iwd  on  by  fluxes,  as  soft 
glass,  and  easily  vitrified  bodies.  The 
colors  are  fixed  by  annealing  the  metals 
to  the  glass.  The  glass  used  is  crown- 
glass.  The  annealing  is  performed  in  a 
kiln  built  for  the  purpose.  The  fluxes 
are  minium,  calcined  borax,  salt,  and 
powdered  flint-glass.  Gold  produces 
the  splendid  ruby  color.  Silver,  a  vellow. 
Copper,  a  red.  Tin,  a  white,  iron,  a 
carnation.  Ultra-marine,  blue.  Cobalt, 
blue.  Smalt,  light  blue.  Antimony,  yel- 
low and  red.  Manganese,  black.  *  Um- 
ber, for  browns.  The  flux  in  this  art  is 
like  the  oil  and  varnish  of  our  painting. 

The  best  flux  is  composed  of  16  flint- 
glass,  6  pearl-ash,  1  salt,  and  1  borax.  A 
soft  flux  is  8  flint-glass,  2  minium,  1  bo- 
rax. Thev  are  vitrified  together,  and  then 
powdered.  Pearl-ash  and  borax  soften, 
and  fiint-glass  hardens. 

An  orange  stain  is  produced  by  silver 
and  antimony  for  yellow,  and  pure  Vene- 
tian, red.  The  two  first  arc  melted  to- 
gether, and  when  reduced  to  impalpable 
powder,  are  mixed  with  the  red  in  water. 
This  pigment  is  then  laid  on  the  glass 
in  due  form,  with  a  brush,  and  left  to 
dry.  Then  bumt-in,  and  it  penetrates 
throuflrh  the  glass  in  a  fine  golden  color. 
So  with  other  metals,  and  other  colors, 
some  requiring  fluxes.  It  is  ably  treated 
at  length  by  Whittock,  and  being  an  art 
not  generally  practicable,  enough  has 
been  said  of  it  in  this  areneral  work. 

The  fluxes  are  used  in  calcining  black 
fVora  scales  of  iron,  jet,  and  manganese ; 
carnation  fVom  red  chalk  and  jet;  scarlet 
from  eold  and  tin,  &c.,  &c. 

PALLADIUM.  A  rare  metal,  possess- 
ed of  valuable  properties,  was  discovered 
in  1803,  by  Dr.  Wollaston,  in  native  plat- 
inum. It  constitutes  about  1  per  cent,  of 
the  Columbian  ore,  and  from  J  to  1  per 
cent,  of  the  Uralian  ore  of  this  metal ; 
oocurring  nearly  pure  in  loose  grains,  of 
a  steel-gray  color,  passing  into  silver 
white,  and  of  a  spccific^^ravity  of  from 
11*8  to  12*14 ;  also  as  an  allov' with  gold 
in  Brazil,  and  combined  with  selenium 
in  the  Harz  near  Tilkerode.  Into  the" 
nitro-muriatic  solution  of  native  ])latin- 
um,  if  a  solution  of  cvanide  of  mcrcurv 
be  poured,  the  pale  yellow  cyanide  of  paf- 


ladiom  will  be  thrown  down,  which  be- 
ing ignited  affords  the  metal.  This  is 
the  ingenious  process  of  Dr.  Wollaston. 
The  imlladium  present  in  the  Brazilian 
gold  ore  may  be  readily  separated  as  fol- 
ows :  melt  the  ore  along  witli  two  or  three 
parts  of  silver,  granulate  the  allov,  and 
digest  it  with  heat  in  nitric  acid  of  speci- 
fic gravity  1*8.  The  solution  containing 
the  silver  and  palladium,  for  the  gold 
docs  not  dissol  ve^  being  treated  with  com- 
mon salt  or  muriatic  acid,  will  part  with 
all  its  silver  in  the  form  of  a  chloride. 
The  supernatant  liquor  being  concentrat- 
ed and  neutralizea  with  ammonia,  will 
yield  a  rose-colored  salt  in  long  silky  crys- 
tals, the  ammonia-muriate  oi  palladium, 
which  being  washed  in  ice-cold  water, 
and  ignited,  will  afford  40  per  cent,  of 
metal. 

Pure  palladium  resembles  platinum, 
but  has  more  of  a  silver  hue ;  when  plan- 
ished by  the  hammer  into  a  cup,  such  as 
that  of  M.  Breant,  in  the  Museum  of  the 
Mint  at  Paris,  it  is  a  splendid  steel-white 
metal,  not  liaole,  like  silver,  to  tarnish  in 
the  air.  Another  cup  made  by  M.  Breant, 
weighing  2  lbs.  (1  kilogramme),  was  pur- 
chased by  Charles  X..  and  is  now  in  the 
(farde-meuhle  o{  the  Jrench  crown.  The 
specific  gravity  of  this  metal,  when  lam- 
inated, is  stated  by  Dr.  Wollaston  at  11*8, 
and  bv  Vauquelin  at  12-1.  It  melts  at 
from  150°  to  160°  Wedge  wood :  and  does 
not  oxidize  at  a  white  heat.  When  a  drop 
of  tincture  of  iodine  is  let  fall  upon  the 
surface  of  this  metal,  and  dissipated  over 
a  lamp  flame,  a  black  spot  remains,  which 
does  not  happen  with  platinum.  A  slip 
of  palladium  has  been  used  with  advan- 
tage to  inlay  the  limbs  of  astronomical  in- 
struments, where  the  fine  graduated  lines 
are  cut,  because  it  is  bright,  and  not  li- 
al>le  to  alteration,  like  silver. 

There  are  a  protoxide  and  peroxide  of 
palladium.  The  proto-chloride  consists 
of  60  of  metal  and  40  of  chlorine ;  the  cy- 
anide of  67  of  metal,  and  83  of  cyanogen. 

PALLETS,  in  clock  and  watch  work, 
are  the  pieces  connected  with  the  pendu- 
lum or  balance  which  receive  the  imme- 
diate impulse  of  the  swing-wheel,  or  bal- 
ance-wheel. They  are  of  various  forms 
and  constructions,  according  to  the  kind 
of  eseapement  employed. 

PALMS.  Called  *by  Linnaeus,  from 
their  noble  and  statclv  appearance,  the 
princes  of  the  vegetal)le  kingdom,  are  a 
natural  order  of  Arborescent  Endopens, 
chiefly  inhabiting  the  tropics,  distin- 
iiuished  by  their  flewhy,  colorless,  six- 
parted  flowers,  inclosed  within  spathea ; 
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their  minute  embryo,  lying  in  the  midst 
of  albumen,  and  remote  from  the  hilnm ; 
and  rigid,  plaited  or  pinnated  inarticnlfit- 
•d  leaves,  Bometimes  called  fronds. 
Wine,  oil,  flax,  flour,  sugar,  and  salt,  says 
Humboldt,  are  the  produce  of  this  tribe ; 
to  which  Von  Martius  addtt  thread,  uten- 
sils, weapons,  food,  and  habitations.  The 
most  common  species  is  the  cocoa-nut. 
Their  wounded  stems,  or  spnthcs.  yield 
in  abundance  a  sacchHrinc  fluid,  Known 
in  India  by  the  name  of  toddy.  The  suc- 
culent rind  of  the  date  is  a  mo8t  nutritious 
as  well  as  agreeable  fruit.  Sugo  is  yieii.led 
by  the  interior  of  the  trunks  of  nearly  all, 
except  Arf^xi  catechu^  the  well  known  pi- 
•ang^  or  betel-nut:  the  fruit  of  the  latter 
species  is  reinHrkable  for  its  narcotic  or 
intoxicatinsr  power.  The  common  canes 
or  rattans  or  the  shops  are  the  flexible 
8tem8  of  species  of  the  genus  Cohmus. 

PALM  OIL  is  obtained,  in  Guinea  and 
Guyana,  by  expressing,  as  also  by  boiling, 
the  fruit  of  the  avoira  eUiin.  It  has  an 
orange  color,  a  smell  of  violets,  a  bland 
taste,  is  lighter  than  water,  melts  at  84° 
Fahr.,  becomes  rancid  and  pale  by  ex- 
posure to  air,  dissolves  in  boifing  alcohol, 
and  consists  of  69  parts  of  oleiiie,  and  31 
of  stearine,  in  100.  It  is  employed  chiefly 
for  making  yellow  soap.  It  may  be 
bleached  by  the  action  of  either  chlorine 
or  oxygen  gas,  as  also  by  that  of  light  and 
heat. 

Besides  the  foregoing  source,  much  of 
the  palm  oil  of  commerce  is  obtained  from 
the  Oocos  butyracca^  and  is  a  concrete, 
white,  unctuous,  substance,  rendered 
fluid  and  frajrnmt  by  irentle  hent.  As  a 
substitute  for  tallow,  it  is  the  trrealest  do- 
mestic iinprovotncnt  of  late  year^,  and  it 
is  so  abundant,  both  in  Africii  :nul  Hrazil, 
that  it  will,  ere  lontr,  by  eiiltivjilion,  super- 
sede tallow  for  caiuilos  and  ^oap,  and 
even  coals,  for  gas-makiiiL'. 

The  palm-tree,  growiuir  f>n  the  coast  of 
Africa,  furnishes,  at  the  base  or  origin  of' 
its  leaves,  clusters  of  a  yellow  sueonk-nt 
fruit.  Each  of  these  bears  some  resem- 
blance to  0  grape-shot.  The  bunches  are 
of  dilTere?it  sizes,  and  the  fruit  couinosinir 
them  of ditferent  shapes,  as  niiirht  ne  ex- 
pected from  their  reciprocal  ]>ressure,  al- 
though naturally  round,  when  not  ex])0s- 
ed  to  it.  The  pulp  of  this  fruit  is  soft, 
and  of  a  bright  yellow  color — it  is  from 
this  that  the  oil  is  obtained.  Within  it 
lies  inclosed  a  hard  and  thiek-sholled 
stone,  of  a  dark  color,  within  wliifh  is 
contained  a  firm  white  kernel,  of  a  pleas- 
ant oily  fltivor.  This  kcrru-l  nlr»o  uilurds 
an  oil,  which  is  not  yellow,   but  white — 


and  not  flaid,  bat  ooncreto  even  in  Af 

frica. 

The^ellow  palm-oil,  is  quite  flnitl  while 
in  Africa,  and  that  it  is  not  until  it  hoa 
been  exposed  to  the  cold  of  our  temper- 
ate regions  that  it  becomes  solid — where- 
as the  oil  of  the  kernel  is  al wa^s  concrete, 
or  nearly  so.  Botli  the  white  and  the 
yellow  oil  are  obtained  by  expression. 
The  latter  is  procured  in  immense  quau' 
titles  in  Africa,  where  it  is  partly  consuiD' 
ed  by  the  negroes  along  with  their  rice 
and  pepper,  or  fried  witii  their  fish  ;  and 
partly  exported  to  £urope,  where  its 
principal  use  is  in  the  mauafkcture  oJ 
soap  and  candles. 

PAPER.  A  thin  and  flexible  sub- 
stance of  various  colors,  but  mont  com- 
monly white,  used  for  writing  and  print- 
ing on,  and  for  various  other  purposes. 
It  is  manufactured  of  vegetable  matter, 
reduced  to  a  pulp  by  meims  of  water  and 
grinding;  and  is  made  up  into  gheeUi, 
quires,  and  reams,  exich  quire  consisting 
of  twenty-four  sheets,  and  each  ream  ol 
twenty  quires. 

For' the  chief  purposes  to  which  paper 
is  applied  in  modern  times  the  ancients 
had  recourse  to  a  variety  of  materials: 
stone,  tablets  of  wood,  plates  of  lead, 
skins,  parchment,  linen,  layers  of  wax, 
tablets  of  ivor>',  and,  above  all,  the  papy- 
rus. The  ability  to  write,  created  a  ne- 
cessity for  some  material  on  which  to  in- 
cribc ;  and  all  these  various  materials 
were  resorted  to  in  succession,  as  the  in- 
eligibility of  e-ich  induced  a  fresh  endea- 
vor to  discover  some  more  desirable 
substitute. 

The  papyrus  was  the  immediate  prc- 
cui'sf»r  of  paper,  and  the  article  from 
which  it  was  tirst  manufactured.  Egypt 
luL«*  the  honor  of  the  invention  ;  and  Isi- 
dore even  fixes  the  locality  at  Memphis  ; 
the  date  rcnuiins  in  some  obscurity,  al- 
though it  has  been  warmly  disputed. 
Varro  the  Roman,  ascribes  it  to  the  time 
of  Alexander  the  Great,  after  the  found- 
intr  of  Alexandria;  but  we  find  in  Pliny 
the  recital  of  a  passage,  extracted  tVom 
the  writings  of  Cassius  Ilemino,  an  an- 
cient annalist,  in  which  he  speaks  of 
some  books,  found  in  the  tomb  of  Xuina 
when  it  was  opened,  o35  years  after  his 
decease,  and  asserts  that  these  books 
were  of  jtipf/'y  and  had  l>cen  interred 
with  him.  As  Numo  preceded  Alexan- 
der 300  years,  this  circumstance,  if  ad- 
inittcd,  would  e;»rry  back  the  date  of  the 
invention  atiterior  to  that  tin>e.  How- 
ever, the  anlii|uity  of  sueii  a  date  is  much 
doubted  ;    but  as  Pliny  gives  an  acc<.>unl 
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of  the  manner  of  making  the  {Mipvnis 
paper,  and  it  seemn  to  have  been  in  iiiffh 
reputation  in  the  time  of  Alexaikder  the 
Great,  it  is  probable  ttiat  aiich  improve- 
ments were  made  during  his  reign  as  to 
enhance  the  value  and  increase  the  man- 
ufacture. 

The  great  improvement  in  paper  was 
its  manufacture  fh>m  cotton.  It  is  sup- 
posed that  the  Chinese  and  Persians 
were  acquainted  with  this  material  for 
itrt  production,  and  that  the  Arabians 
learned  it  IVom  their  conquest  in  Tartary. 
The  ancient  paper  bears  no  marlcs  of  the 
wire  through  which  the  water  is  drained 
in  modem  paper-making;  and  it  is 
therefore  inferred  that  a  dmorcnt  process 
was  employed.  Paper  mode  from  cotton 
was  in  use  earlier  with  the  Greeks  than 
with  the  Romans.  The  manufacture  of 
paper  from  cotton  cannot  be  traced 
farther  back  than  to  the  tenth  centurj' ; 
and  the  oldest  mauuscript  document 
written  on  this  cotton  paper  is  dated 
1050. 

When  or  by  whom  linen  poper  wns  in- 
vented seems  uncertain :  the  ChincRC 
appear  to  have  the  best  pretensions.  Its 
introduction  into  England  took  place 
about  the  year  1842,  in  the  reign  or  Ed- 
word  III.,  although  some  have  snnposcd 
it  as  early  as  1820.  Franco  haa  it  in 
1314,  and  Itely  in  1807.  The  Gennnna 
possess  a  specimen  bearing  the  date  of 
1808,  although  it  has  been  surmised  that 
this  single  instance  muy  have  been  a 
mixture  of  linen  with  cotton. 

In  the  Tower,  there  arc  a  few  letters 
upon  cotton  paper,  yet  narchment  or 
vellum  wos  generally  usea ;  and  these 
are  among  the  earliest  examples  of  any 
continued  correspondence  npon  the  more 
commodious  material,  which  in  England 
was  very  rarely  employed.  It  is  highly 
probable  that,  in  the*  south  of  Franc^j, 
the  supply  was  received  from  the  Moor- 
ish merchants  or  manufacturers  of  Spain. 

Perhaps  no  other  manufacture  ever  re- 
mained so  long  nearly  stiitionary ;  though 
within  the  last  fifty  years  such  great  nnd 
rapid  improvements  have  been  made  in 
it,  as  to  equal,  if  not  to  surpass,  any 
other  brancli  of  manufacturing  industry. 

The  application  of  paper  to  the  pur- 
poses or  writing  and  prmtinif,  and  the 
fact  of  its  being  indispensable  to  the  pro- 
secution of  the  latter,  render  its  manu- 
facture of  the  highest  utility  and  impor- 
tance. But,  even  in  a  cominercial  point 
of  view,  its  value  is  very  coiiHiderable. 
France,  Holland,  and  Genoa  had,  for  a 
lengthened  period,  a  decided  superiority 


in  this  department.    The  finest  and  beat 

f>aper  being  made  of  linen  rags,  its  ^ua- 
ity  may  he  supposed  to  depend,  in  a 
considerable  degree,  on  the  sort  of  linen 
usuullv  worn  in  the  country  where  it  is 
manufactured;  and  this  circumstance  is 
said  to  account  for  the  greater  whiteness 
of  the  Dutch  and  Belgian  papers  aa  com- 

{)ared  with  those  of  tne  French  and  Ita- 
ians,  and,  still  more,  of  the  Germans. 
The  rags  used  in  tlio  manufacture  of 
writing-paper  in  Great  Britain,  are  col- 
lected at  home;  but  those  used  in  the 
manu&cture  of  the  best  printing-paper 
ore  imported  principally  f^om  Italy,  Ham- 
burtrh,  and  tne  Austrian  States,  by  waj 
of  Trieste.  The  value  of  the  rags  saved 
in  the  United  States  is  nearly  2t  million 
dollars  yearly. 

We  believe,  however,  that  it  was 
owing  rather  to  the  want  of  skill,  than, 
as  has  somelinies  been  supposed,  to  tho 
inferior  qualitv  of  tiic  lineu,  that  tho 
inaiiufaeturc  ot  paper  was  not  carried  on 
with  much  success  in  England  till  a  com- 
paratively recent  period.  The  manufac- 
ture is*  said  to  have  been  considerably 
improved  by  the  French  refugees  who 
fled  to  England  in  1685.  In  1690,  how- 
ever, the  manufacture  of  white  paper 
was  attempted  ;  and,  within  a  few  vears, 
n)<>st  branches  were  much  improvea.  In 
17'Jl,  it  is  supposed  that  there  were 
about  300,000  reams  of  paper  annually 
produced  in  Great  Britain,  which  was 
equal  to  about  two-thirds  of  tho  whole 
consumption.  In  17S:3,  tho  value  of  tho 
paper  annually  manufactured  was  esti- 
mated at  £780,000.  At  present,  besides 
making  a  suthcient  quantity  of  most 
sorts  of  paper  for  our  own  use,  we  an- 
nually export  about  £100,000  worth  of 
books. 

In  1818,  I)r.  Colquhoun  estimated  the 
value  of  paper  armnally  produced  in 
Great  Britjiin  at  £2,iM)0,000;  but  Mr. 
Stevenson,  an  incompanibly  better  autho- 
rity upon  such  subjects,  estimated  it  at 
only  half  this  sum.  From  infonnation 
obtained  from  those  engaged  in  tho 
tnule,  we  incline  to  think  that  the  total 
annual  value  of  t)ic  pajMir  nuuiufacture 
in  the  United  Kingdom,  exclusive  of  the 
dntv,  niiJV  at  present  amount  to  about 
£l,2(K),0ob  or  £1, 800,000.  There  arc 
about  7«»0  paner-niills  in  EjiL'Iand,  and 
fr(»m  70  to  so  in  Sootland.  The  number 
in  Ireland  is  but  inconsideniblo.  Almiit 
27,000  individuals  are  suti]k)S(m1  to  be  di- 
rect ly  cnifML'od  in  thetnide;  and,  bci^ides 
the  workmen  employed  in  the  mills,  the 
I  paper  manufacture  creates  a  considerable 
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demand  for  the  labor  of  millwright*,  ma- 
chinists, smiths,  carpenters,  iron  and 
brass-founders,  wire-workers,  woollen 
manufacturers,  and  others  in  the  ma- 
chinery and  apparatus  of  the  mills. 
Some  parts  of  these  are  very  powerful, 
and  subject  to  severe  strain;  and  other 
parts  are  complicated  and  delicate,  and 
require  continual  renovation. 

Most  of  the  American  printiniflf-paper  is 
of  cotton,  on  account  of  the  extensive 
nse  of  that  article  ;  and  hence  it  is  soft, 
easily  torn,  and  perishable.  The  paper 
manufacture  has  rapidly  increased  in  this 
country.  In  1829,  the  quantity  mnde  in 
this  country  amounted  to  from  five  to 
seven  millions  a-year,  and  employed 
ten  to  eleven  thousand  persons.  Ma- 
chinery is  almost  altosrother  employed, 
and  the  quality  of  the  paper  is  improved. 
It  becomes  bettor  by  keopinjj,  and  is 
therefore  diflRcult  to  obtain  in  this  coun- 
try, the  interest  of  capital  beini?  too  hitrh. 
M^uch  of  the  linen  paper  now  made  is 
from  raes  imported,  of  wliifh  there  wore, 
at  the  port  of  New  York  alono,  durinir 
1846,  1847,  and  1848,  the  following  quan- 
tities imported  : — 

1S46,    Bales, T.Ofir. 

1847,       „      lM»v3 

1S4S,       „      23,313 

The  export,"^  of  paper  and  stationery  in 
the  years  1847  and  1848  wore,  rospoc- 
tivelv,  of  the  value  of  ^sS,T31  and 
$78,307. 

We  pass  on  from  this  brief  aooount  of 
the  history  and  statistics  olh  p:ipor  to  the 
nu'clianieul  process  of  its  ].rodiu-tion ; 
only  reniiirkinir,  that  many  articU-s  liavo 
boon  resorted  to  in  its  niaimtn«tiirc — the 
tcntlrlls  of  the  vine,  the  stalks  of  the 
nettle,  the  thistle,  and  mallow;  tlic  bnrk 
of  tho  willow,  the  liMwthorti,  the  VmocIi, 
the  aspen,  and  the  lime.  Some  ]^ati'iits 
have  been  obtained  for  makiiiir  it  of 
straw;  iitkI  the  bine  of  the  hop,  it  is  ]>ro- 
Bumod,  mi'jrlit  furnish  material  for  tlic 
supply  of  pn]>or ;  but,  loavini:  these  in- 
ferior siibstitMtcs,  wo  shall  confiiio  our- 
selves to  tiie  dc^criy>tioii  of  paj-or  made 
iVoin  linen  rnL's,  that  beinir  the*  staj)le  of 
the  manufacture. 

The  rai/s  arc  sold  to  the  manufacturers 
aecordiuiT  to  their  rcs|n'ctive  <|uality: 
fine,  beiniT  wholly  lincji.  and  of  the  best 
quality,  is  uscl  {hr  the  tiiust  writiiiLT- 
]inf)cr,  and  so  in  their  frr:idati"ii  (L>wii  to 
tlic  eommotic^t,  which  is  o.ir.^c,  •-frcii 
cainass,  and  can  only  ))e  Tiia.le  into  nil 
inferior  printinLT-pnjK'r  when  it  ha-^  been 
thr»n>uirhly  bleacher!.      In  the^e  inferior 


papers  some  cotton  is  mixed.    There  are 
also  tho  strong,  coarse  bags  in  which  the 
raffs  are  packed,  and  the  colored  ragtij 
only  fit  for  the  most  common  papers; 
though  out  of  these  the  blue  are  iLsually 
sorted  for  the  purpose  of  making  blue 
paper.     It  is  necessary  that  these  rags 
should  be  dusted ;   and,  to  accomplish 
this,  they  are  either  placed  in  a  cylinder, 
formed  of  wire  net,  turning  on  pivots  nt 
each  end,  and  enclosed  in  a  box  which 
j  receives  the  dust  as  it  falls  through  the 
j  net-work,  or  else  their  sorting  lakes  place 
'  over  a  table  frame  covered  with  wire  net, 
through  which  the  dust  falls  into  a  bos 
beneath,  as  the  workwoman  proceeds  ia 
her  labours.     The  first  of  these  modes, 
liowever,  is  a  great  preservation  of  the 
health  of  those  employed  in  the  work. 
The  rags  are  then  cut  into  pieces  not  ex- 
ceeding three  or  four  inches  square,  the 
parts  that  have  seams  being  thrown  into 
a  sepanite  heap,   or  the  sewing-thread 
might  make  filaments  in  tho  paper.     In 
this  nroeess  the  rags   are  scrupulously 
sorted  according  to  their  texture  and  dc- 
trree  of  strength,  not  according  to  their 
color;    for,  wero  they  not  carefully  ar- 
ranged by  this  rule,  the  fine  in  texture 
would  bo  reduced  to  a  pulp  long  before 
tho  coarse,  and  be  lost  in  the  prepara- 
tion ;  or,  if  preserved,  when  renuced  to 
a  pulp,  would  not  be  found  of  llio  same 
consistency  as  the  coarser  sorts,  and  the 
paper,  when  manufactured,  would  neces- 
sarily be  clouded  and  inferior.     It  is  for 
these  reasons  that  this  part  of  the  pro- 
cess is  important.      When  carefully  sort- 
ed, an«l  tiie  diiTerent  degrees  of  texture 
having,  by  a  lontrer  or  shorter  process, 
been  rcdiloed  to  a  pulp  of  similar  con- 
sistency,  they  may  then  he  mixed  to- 
ircther';    but  this 'cannot  be  previously 
done.     While  in  this  state  the  rags  ollen 
ai'i'car  so  dirty  and  discolored  as  to  pre- 
clude all  hope,'  to  an  inexperienced  eye, 
that  they  can  ever  assume  the  purity  of 
that  beautiful  fabric  so  valuable  to  tho 
artist  and  the  scribe.     This  purification 
nscd    t'ormerly  to    be   effectea   by  water 
rur.ninu'  throutrh  a  receptacle  filled  with 
the  ratrs,  which  in  its  passage  eventually 
carried  olf  their  soil ;    but   the  present 
more  expeditious  process  is  that  of  boil- 
ing them,  mixed  uj>  with  liuie,  in  a  spe- 
cies ot'  thest,  so  pcrfonited  as  to  allow  the 
admission  of  steam;  and  by  this  means 
tliey  are  partially  bleached.       Bleaching 
take^  an   nn]>orlant  ]<lacc  in  the  pmcess. 
Tlie   s\ii.erilu<>us    mcisture   is    squeezed 
from  the  ratrs.   antl  they  are  placed  in  a 
sort  of  chamber  or  receiver,  wnich  is  air* 
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tight,  and  pipes  are  conducted  into  it 
from  ft  retort,  which  convey  chlorine, 
formed,  by  the  application  of  heat,  from 
maugancBe,  common  salt,  and  sulphuric 
acid.  This  part  requires  much  care  ;  for 
if  carried  beyond  its  duo  pointy  it  proves 
most  injurious  to  the  durability  of  the 
fobric.  The  rags  when  taken  Irom  this 
chamber  are  strongly  imbued  with  a 
most  nauseous  smell,  and  require  pro- 
fuse and  frequent  washings.  After  this 
process  they  are  put  into  the  beating  en- 
gines, and  pass  through  a  sort  of  tritura- 
tion, which  reduces  them  to  a  coarse  and 
imi>erfect  pulp,  which  is  called  half  stutf 
or  first  stuff,  and  this  is  again  levigated 
until  it  assumes  the  appenmnce  of  cream. 

The  state  and  quality  of  this  pulp  is  of 
the  utmost  importance  to  the  final  per- 
fection of  the  paper.  If,  in  the  leviga- 
tion,  the  fibre  should  have  been  so  en- 
tirely destroyed  as  to  reduce  it  to  a  jelly, 
the  paper  will  inevitably  prove  lioblc  to 
breaic,  moulder  away,  and  be  rotten ; 
and  this  must  result  whatever  be  the  prc- 
\'ioiis  excellence  of  the  material.  A  fibre 
is  absolutely  necessary  to  the  production 
of  a  servicable  paper.*  Mr.  Murrny,  in  a 
little  work  on  tne  subject  full  of  practical 
science,  recommends  that  a  small  propor- 
tion of  unbleached  flax  should  bo  added 
to  the  half  stuff — an  expoilienttliat  would 
doubtless  much  increase  the  strencrth 
and  durability  of  the  manufacture.  Jhit, 
unfortunately,  so  far  from  means  ho'ins 
taken  to  improve  its  consistency,  others 
are  resorted  to,  for  the  sake  of  an  in- 
creased profit,  which  deteriorate  almost 
to  destruction :  wo  mean  the  introduc- 
tion of  plaster  of  Paris,  or  other  earthy 
substances,  into  the  pulp;  and  this  c;in 
never  be  done  without  ensuriiiij  brittle- 
ness  and  want  of  cohesion  ils  the  result. 
While  the  pulp  is  in  this  state,  the  size, 
made  from  sheep-skins  and  other  animal 
substances,  togrether  with  a  solution  of 
alum,  is  introduced,  exceptintj  only  in 
the  manufacture  of  writintr  paj^cr,  and 
then  the  sheets  are  most  gcnenilly  sized 
after  their  formation. 

A  patent  was  prantcd  in  1^47,  in  this 
country,  for  the  mode  of  niakincr  the 
pulp  from  straw.  The  material  of  straw 
has  lonfiT  been  used  for  this  purpose,  but 
the  method  of  treatment  is  believed  to  be 
new,  and  is  astblKiNvs: — The  straw,  or 
other  ve'jetahle  fibrous  ?nateri:il,  is  heat- 
ed or  b<iil(d  with  milk  of  litiio  twelve 
hours,  in  a  stiitable  boiler,  and  the  litne 
and  c^tlorin;^  matter  washed  out  in  a  suit- 
able tub.  The  fibrous  matter  is  then 
transferred  to  mill-stones,  bo  arranged  as 


to  crush  it,  and  at  the  end  of  this  operar 
tion  the  pulpy  matter  is  again  tnmsterrcd 
to  another  tub  for  further  washing  out 
the  coloring  matter.  The  pulpy  matter 
is  next  removed  to  a  second  set  of  boil- 
ers, where  fresh  lime-water  and  an  alka- 
line solution  of  the  strength  of  two  to 
four  degrees  of  the  hydrometer  is  sup- 
plied, and  the  heat  continued  for  sue 
nours. 

At  the  end  of  this  time,  the  whole  li- 
quor and  pulp  are  forced  up  by  steam 
pressure  into  a  third  washing  tub,  where 
It  is  washed,  and  sulphurio  or  muriatic 
acid  of  the  ordinary  strength  used  for 
bleaching  purposes,  is  supplied,  and  the 
contents  kept  in  agitation  for  two  hours, 
and  the  acid  is  then  entirely  washed  out. 
The  pulp  is  next  returned  to  the  second 
set  of  boilers,  where  it  is  mixed  with 
alkali  of  the  strength  of  two  to  four  de- 
crees of  the  hvdrometer,  and  boiled  four 
hours,  or  until  the  alkali  is  spent. 

The  pulp  and  liquor  are  again  forced 
up  into  the  third  washing  tub,  and  all 
soluble  matters  washed  out  of  it.  Chlo- 
ride of  lime  of  the  ordinary  bleaching 
streniyrth  is  now  added,  and  agitation 
kept  np  for  two  hours  lonper;  when 
steam  is  let  on  and  the  boiling  continued 
until  the  salt  is  spent,  when  the  whole  is 
discharL^ed  into  the  fourth  tub,  where 
the  spent  chloride  of  litne  is  washed  out. 
The  pulp  is  now  subjected  to  the  opera- 
tion of  Konringy  which  consists  of  sub- 
mitting it  to  the  action  of  acid  and  water 
of  the  usual  strength  used  for  bleaching, 
and  keeping  the  whole  in  agitation  for 
lour  hours.  It  is  now  ready  to  be  dis- 
charged into  a  fifth  tub  or  set  of  tubs, 
when  the  process  is  considered  as  com- 
pleted. 

The  fine  pnlp,  or  stuff,  as  it  is  techni- 
cally called,  is  transferred  into  a  chest  or 
lartre  tub  with  a  revolvinj,:  acilator;  from 
thence  into  a  vat,  usually  ab«uU  T)  feet  in 
diameter,  and  'Ji  feet  in  <le|)th,  and  sus- 
tained at  a  ]>ro|>er  temperature  by  means 
of  a  fire  ;  and  it  is  ^^enerally  arranired  for 
this  vat  to  be  j»laccd  against  a  wall  of  the 
room,  that  the  fuel  to  the  fire  may  be 
su[»plied  at  an  aperture  externally,  to 
jirevent  arjy  injury  from  smoke.  Durinj? 
the  whole  of  the  subsequent  pmcess  it  is 
requisite  that  the  pulp  in  the  vat  should 
be  stirred  u[>  at  short  intervals,  to  keep 
it  of  a>i  e«|ual  con>ist«'iiev.  There  are 
three  workmen  eiut'loved  in  tbi«<  >tai:e  of 
tiie  operation,  called  the  (lij>i»r,  the 
rof/('/itr,  and  the  /'//•/*.  Tin-  dipper  is 
provided  with  a  mould,  formed  ot'  well- 
seasoned  mahogany,   across  which  par- 
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■IM  wim  are  ntntolicd  doM  MTether,  k 
fbv  other  itronger  ones  bcin^  also  pJnced 
at  ri^ht  BDglee  vitb  thtm,  aud  at  some 
dialance  IW>ni  each  other.  The  Lines 
fbrmed  id  the  paper  hj  thaw  wires  are 
oalled  water-marks ;  but,  in  the  modeni 
improvemeat  of  vova  paper^  these  an 
•voided  by  nsin^  wire  doth  woven  in  a 
loom,  which,  bem^  tightly  etrelched  over 
Iho  fnme.  produces  do  water-mBrk. 
This  mould  iB  provided  with  SDother 
frame,  enlled  a  decUe,  which  tits  it  exact- 
ly, and  forms  a  boundary  lino  to  the  slieet 
of  paper,  wtiich  would  otherwise  lisvo  a 
rontcb  and  Janred  cd^.  Tliis  conlri- 
vance,  by  >upplviQi  ao  edite  lo  t)io 
moulii,  gives  it  the  eliaracter  of  a  sieve, 
which  enablea  the  dipper,  after  he  has 
(lipped  t)ie  mould  into  llie  vpt,  snd  talien 
in  a  sufflcisut  quantity  of  the  pulp,  anil 
given  it  a  gentle  motion  to  equniiie  ita 
thickocsa,  to  drain  the  water  awny;  he 
then  removes  the  deekle,  replaws  it  od 
another  mould,  and  proceeds  as  before ; 
while  the  neeonJ  worlimon,  the  couclier, 

on  to  a  feU,  bcinz  a  pil"^  of  woDllen 
doth,  and  tnen  returns  Ihe  mould  I»  Ihe 
dipper,  who.  in  the  meantime,  has  been 
operating  witli  another  mould,  and  form- 
ing another  sheet:  tliey  thiia  emliange 
the  moulds,  the  one  di|ipiii)(,  and  tlic 
Other  couching,  until  tViey  iiavo  com- 
pleted six  iinire9  of  iiapor,  which  isciJIeil 
a  pMf.  When  this  qnautity  ia  com- 
(deted,  the  heap  u  eonveyed  to  the  vol 
presa,  nnd  subjected  to  lienvy  prciiRure. 
*■■ ■ — ~  '-  the  vol  pRBs 

mother  poat,  when  tlicy  iire 
0  git's  plaoc  (o  it;   and  then 

lifter,  mmuientt!*.  llo  Be|iuniics  tho 
sheets  of  pnpor  (Vom  the  fells,  and  fcnns 
thein  into  a  pile,  which  is  agnin  sulgpi.'tud 
tn  a  sevind  press,  which  dctnches  from 
them  a  great  qnuntity  of  iiiuisture.  Here 
it  romnins  until  the'  workmen  am  pre- 
pared to  replace  it  «ith  a  similar  nuim- 
tity,   when   it  is  lukeii  to    the    dnin^ 

These  iitiea  are  carefully  mvcred  wiili 
wax.  Imtli  tn  prevent  arllieninu  mid  eoii- 
tnu.ilon ;  and  the  npcniiig  of  the  win-  I 
down  slinnld  b>,'  strictly  uttunrled  Co,  that 

Tliis  beiiie  uwomplislicil,  it  In  t:iki-n  ■■ 
down,  sliakcn,  to  make  t)ic  du<l  full  i.uir. 
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of  alnm  added.  The  workman  dipt  > 
liandl'ut  of  the  sheets,  holding  them  open 
at  the  edges,  that  ihey  may  more  equally 
imbibe  the  moisture,  and  a^er  tills  pro- 
cess ihej'  are  again  sii>)iccied  to  the 
Erese.  They  srs  sflernsrcu  dried,  sorted, 
rought  under  repeated  and  eicessiva 
pressure,    and,    £uaJly,    made    up    iulo 


I  U|>  i. 


>:i.ly  1 


been  resorU',1 1 

1  mt;i;^""m''£el1e™ 

f^™  l^!-"ih, 

lionor  of  the  invention. 

although  iitir.^ 

.(■I'd  jTa,i}y  improved  La 

England    ■   ■    \ 

-=     OnukiQ    and   Co. 

That  in  r-  -■  ■ 

■■■■;    .i-f  there  is  after 

Fourdrin 

.,'ui^a  the  endless 

well  of  ■-■ 

'  1  lic«e  machines 

-      '  1  lu  illI  Feet  of  paper 

pcrminu:,  ,  .,: 
Enirlsndl. u 

..I...  ;lil^  q-hich  enables 

L 1 1 1 11  i>i  it^i  pet  i  tion  wi  th  1  b  B 

foreign  mnrket, 

wlii.-Li  it  .-uuld  not  othcr- 

wisedo,oiinc..o 

i-olne  of  niMnu 

l,il...r.     In  ll>o  "Id  me- 

hod,  it  t.".k  1 

r,'e  i„r.„tl,-,iflcri-.™.-« 

ngtherue- ir.i 

paper:  b)  eIij 

lie  nigs  on   o 

e   day,   and  deliver  the 

paper  made  fro 
The  slulf,  h 

ving  been  prepared  and 

bleached  in_an 

^nA^t  inl»  Ihp  ^h».>     or 

mnehinery,  is  emptied  into  the  chest, 
tub,  OS  ijefore,  and  IVom  thence  is  oc- 
iivered  gradnally  inlo  llie  vol,  wLierc  it  is 
ke|it  in  cnntinuiil  motion  by  means  of 
revolving  fans,  culled  ho^s,  Tfearlv  at 
the  lop  of  the  vat  there  Is'a  gate,  which 
c.tn  he  mi"Cd  or  lowered  at  pleasure,  by 
means  of  whieli  the  tiow  of  stuffiv  regu- 
late.] on  to  the  Up  or  Irouiih,  from  which 
it  fiillK  npon  tlie  eixdicss  web  of  line  win 


iniitai  di 


nnally  moving  ii 


rollers,  and  in  placed  ii 
cliatelv  under  the  hangif"  ""  "' 
trough,  so  that  the  i>nlp 


of  the 

d  lata  lice ']«Bsibii  to7oH.'  These 
villi;  TolleiB  prevent  Ihe  wire  web 
tiilline  in  or  bogging,  and  keep  it 


cc,  tniee  filtered,  ami  a  portion 


m  1' 

om  side  to  side,  it  has  all  the 

of  a  table.      A  leather  sirup. 

'i';^'" 

r  wood,  on  each  aide,  fomw 

mm 

irv  tine  of  the  iMpcr,  nnswei^ 

he 

iirpose  of  llie  diekle  in  the 

-mnk 

iii;  pron'ss:    these  are    mov- 

.ihiL'  t"  the  intoiidcd  width  of 

Tlic   loiiL'  «.s..,He  or  con- 

ream  i>f  r"llp,  r.'gul;ited  nilb 

lo  the  proposed  thickness  of 

pap] 
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thfi  paper  to  bo  made,  thas  gently  de- 
acenas  on  this  moving  wire  plane,  which 
ia  perpetnalJy  travelling  on  ward  and  on- 
ward ;  and,  ror  its  more  perfect  equaliza- 
tion, a  aecond  movement  is  reported  to, 
bv  means  of  a  sort  of  crank,  which  gives 
tlfie  web  a  jerking  motion  at  short  inter- 
vals, and  diffuses  the  liquid  pulp  nn- 
varjingly  over  the  surface.    At  the  end 
nearest  to  the  trough  the  pulp  is,   of 
course,  perfectly  fluid ;   but,  as  the  web 
travels  on,  the  moisture  partially  sinks 
through  the  fine  apertures  or  the  webbing, 
and  the  material  coagulates.    There  has 
been  a  fashion  prevalent  of  late  years  of 
having  paper  barred  or  ribbed  :   this  at>- 
pearance  is  given  at  this  juncture.  While 
yet  moist,  just  before  passing  from  the 
wire  webbing,  it  is  subjected  to  the  pres- 
sure of  a  wire  roller,  which  gives  tlie  in- 
dentations of  the  stripes  or  lines ;   this 
cylinder  is  called  a  damJy  f  from  this  it 
travels  to  a  web  of  cioth  or  felt,  during 
which  advance  it  is  subjected  to  heavy 
pressures,  from  passing  between  rollers 
covered  with  felt,  and  called  the  pressing 
rollers.    This  process  answers  to  the  wet 
press  in  the  hand-made  paper;    ond  for- 
merly this  was  the  termination  of  the  la- 
bors  of   the   mochines,    the    remaining 
work  of  drying,  &c.,  being  accomplished 
by  hand.    'But  an  incalculable  improve- 
ment took  place  in  the  addition  of  the 
drjinjj  rollers.    These  are  three  cylinders 
of  polished  metal,  which  effect  in  a  few 
moments  the  perfect  drying  of  the  paper: 
while  yet  moist  it  passes  over  the  first 
moderately  warm  ;  again  over  the  second, 
of  larger  diameter,  of  greater  warmth  ; 
and  offaiu  over  the  third,  with  an  aug- 
mented heat    The  paper  is  nowperfci'tly 
dry,  and  any  casual  inequalities  are  re- 
moved from  its  surface.     The  tinal  action 
of  this  wonderful  machine  is  to  wind  the 
paper  ronnd  a  la.st  roller  or  reel,  which 
when  full,  is  exchanged  for  another,  and 
80  on  successively. 

Here  the  work  of  the  machine  is  finis»}i- 
ed ;  and  the  y>apcr,  beiiiir  in  long  webs  of 
many  yanls,  requires  to  be  cut  into 
sheets.  After  ditVerent  methods  had 
been  tried,  n  supplctncntarv  machine  has 
been  invented,  which  receives  the  web 
from  off  the  reel  on  to  a  druin,  cuts  it 
into  sheets  of  })ropcr  lencrth  with  a  circu- 
lar knife,  conliiiually  revolving,  while 
the  divided  web  ]irocee(ls ;  and  tlic^^e 
sheets  are  received  and  placed  in  re^jular 
heaps  by  chiKlren. 

In  thi.-i  c<juntry,  machinincr  is  more 
used  than  in  Europe.  In  the  Near  l'^4'^, 
eight  patents  were  granted  for  iniprove- 


ments  in  machines  used  in  manafiictur- 
ing,  cutting,  and  performing  other  opera- 
tions on  pai>er. 

One  or  these  patents  is  for  improved 
machinery  for  grinding  the  pulp.  The 
machine  much  resembles  mills  for  grind- 
ing grain.  It  ia  so  arranged  that  the 
pinp  is  kept  in  circulation  through  the 
milt,  passing  in  at  the  eye  and  out  at  the 
edges,  until  the  whole  is  properly  pre- 
pared. 

In  one  of  the  machines  patented,  the 
paper  is  cut  into  sheets  of  any  desired 
length,  placed  upon  a  table,  and  the 
edges  aajusted  for  folding.  To  insure 
corresponding  action  throughout,  the 
motions  of  various  parts  of  the  machine 
are  taken  from  the  cjlinder  which  car- 
ries the  knife. 

Others  of  these  machines  cut  the  pa- 
per and  drop  it  upon  rods,  over  wh'ch  it 
Dcnds  and  hangs  preparatory  to  folding. 

The  manufacture  of  the  paper  being 
thus  completed,  the  sheets  are  scpnrately 
examined,  and  every  knot  or  olemisn 
carefully  removed,  the  torn  or  damaged 
ones  being  laid  apart.  In  this  state  they 
are  subjected  to  the  action  of  a  powerful 
press,  in  the  full  and  open  size  of  the 
sheet :  they  are  afterwords  cut  round  the 
edge,  and  then  counted  into  quires  of 
twenty-four  sheets,  which  are  lolded  in 
the  middle,  and  put  into  reams,  each 
ream  containing  twenty  quires,  of  which 
the  two  on  the  outside  are  made  up  of 
twenty  sheets  each,  ft*om  the  damaged 
sheets  that  were  thrown  out.  In  this 
state  they  are  again  pressed,  and  finally 
tied  up  in  wrappers. 

India  paper. — Tlie  material  employed 
by  the  Chinese  is  the  liber,  or  interior 
bark  of  a  sort  of  mulberry,  commonly 
called  the  paper-tree,  and  known  to 
botanists  under  the  name  of  hroussonetia 
papi/ri/tra.  Kcmjifer  has  described  the 
process  pursued  in  China  in  the  manu- 
facture of  this  jm]>er.  Dr.  Postans  re- 
cently has  described  the  material  as  the 
coarse  hempen  bogging  used  by  the 
hrnnjarruH,  when  torn  to  rags  in  their 
service.  These  are  cut,  and  well  washed 
in  tanks,  near  Kivzapone,  in  the  Deccan. 
They  arc  then  bleached  and  dried :  in 
twelve  days  they  are  converted  into  a 
pulp,  which  is  then  made  into  4  lb.  balls, 
about  as  big  as  a  nuin's  head.  These  are 
ai'tcrwards  wet  with  water,  ond  made 
into  paper  on  a  frame  made  of  fine  reeds, 
A  man  and  a  boy  make  the  sheet,  and  a 
tliirtl  man  removes  them,  who  first 
])resscs  them  under  large  stones  to  dry 
them,  and  then  plasters  them  against  the 
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to  dry  them. 

Jiife  papff.—Tke  BntMtauca  called  in 
EngUnd,  ''rice  puptr,"  ia  iiinJo  of  llio 
brsoeh  of  the  rice  plaal  in  Cliiuo. 

Mr.  Oill  ranurkfl,  tbal  llio  Ouncse 
"lira  paper"  is  an  ori;aniieJ  vtj^iilablo 
produDtioa,  mucli  rencmblmE,  >□  iu 
■tructure,  tbe  pith  of  eldor.      lie  tliiniii 


large  caeogi 

nor ;  aud  vhicli  aiicca,  after  ixjiiig  flutt^n- 

od  by  pre»9iire  botwoen  plates  (possibly 


'Paper  from  the  hrutt  of  Indian,  mm.— 
To  Vlf  gallona  of  water  p'lt  10  ■iHiirlB  of 
good  lime,  or  aboat  S  lbs.  of  eood  alii^i, 
and  plaoe  therein 


iianaiied,  ill  every  re.->iK<.-l,  a 
or  making  paper. 

''•--V  papfr, — Take  any  <\ 


I    hay. 


iJ  boil  it  in 


_j  liie  fullowiuK  prcj, , 

llSlbfl.  ofMraw,  hay,  uroliiur  vruoluiile 
ndd  from  15  il».  lo  2n  IIh.  of 
>r  Ipv-  of  pol  iir  iiciirl  iv-li,  or 

t,  or  Hleop  till!  iii:ili'rialH  in  the 


then  draw  uiT  tlic  water, 
tared  into  paper,  liku  na"- 

/■™/™.  »..(._A„r 

reduced  to  ■liavniio',  n-lm 
into  a  iiililron  of  wuter,  nr: 
To  every  100  liis.  of  Hlmvin: 


il  pnl 


U'  II 
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or  two  eolors,  for  papering  roonu,  or  for 

OiUA  ptper.  Dr.  Faraday,  in  hla  ad- 
mirable volume  on  roauipulatioDa,  aiutea 
tliat  hydrogcD  gas  may  be  made  with 
line,  and  dilate  anlpharic  acid  in  wled 
paper,    and    eonducUd    through    paper 

eeivcd  in  oiled  paper  tutwa.  Also,  that 
the  aleani  of  a  tea-keltlo  may  be  oon- 
Teyed  in  oiled  paper  tiibc«,  so  as  to  heat 
a  s(i>Bin-ha1h  it^Wlf  Of  oiled  paper. 

at'i'i,  uro'ijkl  ^iL8,  EUflT  be  made  bj  rolliaff' 
a  .-In  ii  i.C]M|>er,  aiid  tying  it  with  lliread. 
Gum,  m  ]iLH\c.  at  tlio  edges,  make*  it  air- 
tiulii,  vKpei-'ially  if  varniahed  and  oorlud. 
W'lUed  paprr. — Lay  it  on  a  clean  hot 

Papir-kn«iiiiig'   are  in  pieces  of  13 
inlalnng,  by  Si)  inchoawiife,  and  priDl» 


All  rooka,  roota, 
y  nejsirated  from 

,rj.-llie«allfroni 
id    then 


of  I'iiue.    S,  To  be  iitude  into  i<ulp  in  the 
nsuul  miuiuer,  by  beating,  or  in  a  paper- 


I  the  upper  aurfuce,  wilii  fonr  deep 
iKivi'K.  ouu  on  eiieli  of  the  four  sides, 
r  e-ui'liiig  the  plnnith.  Tlic  plouRii  it- 
If  is  III  a  pn'uliar  ninatruetion,  in  two 
1111 ;  'iiie  lull  Kijuarini;  uiKin  the  cdgn. 
id  ill  ilK'  ur'K>ve  of  ths  boani;  while 
I'  ~<'.-'>ud  ]:'>rtion  rarries  the  knife,  and 
..1.^  iip.ni  ihe  fir»t  in  o  vertienl  diree- 
■u.  'I'lic  pa]iT  to  be  ent  being  placed 
mil  Ihi'  I'liliiiii;- Iwneh,  under  Ihe 
•iiiM-d    bciiiril,    the    latter   b  brounlit 


..rkinu'  h 


n  the  board  and  a 


PAPj 
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As  the  paper  is  cat  awa^,  the  knife  de- 
scends, until  the  whole  is  taken  off,  and 
the  parallelism  of  the  knife  is  accurately 
maintained  throughout ;  in  this  way  the 
three  sides  of  the  paper  are  expeditiously 
cut,  with  one  adjustment  only ;  nor  is 
the  difficulty  of  putting  in  the  paper  so 
great  as  in  tJie  binders^  common  cutting- 
press. 

PAPER  HANGINGS.  This  import- 
ant and  elegant  substitute  for  the  an- 
cient "hangings"  of  tapestry  or  cloth  came 
into  use  about  200  years  ago.  The  manu- 
facture has  undergone  a  gradual  succes- 
sion of  improvements,  and  has  now 
reached  a  high  state  of  beauty  and  per- 
fection. The  patterns  on  these  papers 
are  sometimes  produced  by  stencil  plates, 
but  more  commonly  by  blocks,  each  color 
beine  laid  on  by  a  separate  block  cut  in 
wood  or  metal  upon  a  plain  or  tinted 
ground.  The  patterns  are  sometimes 
printed  in  varnish  or  size,  and  gilt  or 
copper  leaf  applied ;  or  bisulphuret  of 
tin  (aurum  musivum)  is  dusted  over  so 
as  to  adhere  to  the  pattern  ;  and  in  what 
are  called /foci* /x/jwt«,  dved  wools  minced 
into  powaer  are  similorfy  applied.  Tow- 
derea  steatite,  or  French  chalk,  is  used 
to  produce  the  peculiar  ^'loss  known 
under  the  name  of  saf in.  Striped  jiapers 
are  sometimes  made  by  passing  the  paper 
rapidly  under  a  trough,  which  has  par- 
allel slits  in  its  bottom  tnroujih  which  the 
color  is  delivered ;  and  a  number  of  other 
very  ingenious  and  beautiful  contrivances 
liave  lately  been  applied  in  this  impor- 
tant branch  of  art.  The  invention  ot  the 
paper  machine,  by  which  any  Icnfrth  of 
paper  may  be  obtained,  effected  u  great 
change  in  paper  hanpin^s,  which  could 
formerly  only  be  printed  upon  8e})arate 
sheets,  and  were  much  more  inconveni- 
ent to  print  as  well  as  to  apply  to  the 
walls. 

Originally  the  first  method  of  making 
this  paper  was  stcnciliinj^;  by  laying; 
upon  it,  in  an  extended  state,  a  piece  of 
pastelx)ard  havinfr  spaces  cut  out  of  vari- 
ous floured  device?*,  and  applyiii;^  ditVc- 
rent  water  colors  with  the  brush.  An- 
other piece  of  pasteboard  with  other  \n\i- 
tems  cut  out  was  next  applied,  when  the 
former  figures  were  drv,  and  ncwih  siirns 
were  thus  imparted.  !By  a  scries  oI'muIi 
operations,  a  tolerable  pattern  was  execut- 
ed, but  with  no  little  labor  or  oxj'cnsc. 
The  processes  of  the  cali<'o  printer  were 
next  resorted  to,  in  which  enLrra\i(l 
blocks  of  the  pear  or  syc-.innre  win-  em- 
ployed to  impress  the  colored  dcsJLMi'*. 

Paper-hangings  may  be  distinguished 


into  two  classes;  1.  those  which  are 
really  painted,  and  which  are  designed 
in  France  under  the  title  ofjxipi^rs  peinU^ 
with  briUiant  flowers  and  nguros ;  and  2. 
those  in  which  the  designs  are  formed  by 
foreign  matters  applied  to  the  paper, 
under  the  name  of  jHipier  UnUiMe^  or  nock 
paper. 

The  operations  common  to  paper-hang- 
ings of  both  kinds,  may  be  stated  as  fol- 
lows : 

1.  The  paper  should  be  well  sized. 

2.  The  edges  should  be  evenly  cut  by 
an  apparatus  Uke  the  bookbinder^s 
press. 

8.  The  ends  of  each  of  the  24  sheets 
which  form  a  piece,  sliould  be  nicely 
pasted  together*  or  a  Fourdrinier  web 
of  paper  should  DC  taken. 

4.  Laying  the  grounds,  is  done  with 
earthy  colors  or  colored  lakes  thickened 
with  size,  and  applied  with  brushes. 

An  expert  workman,  with  one  or  two 
children,  can  lav  the  grounds  of  800 
j>ieces  in  a  day.  ^he  pieces  are  now  sus- 
pended upon  poles  near  the  ceiling,  in 
order  to  be  dried.  They  are  then  rolled 
up  and  carried  to  the  apartment  where 
they  are  polished,  by  bemg  laid  upon  a 
smooth  tal>le,  with  tnc  painted  side  un- 
dermost, and  rubbed  with  the  polisher. 
Pieces  intended  to  be  satined,  are  ground- 
ed with  fine  Paris  plaster,  mstead  of 
Spanish  white,  and  are  not  snioothed 
with  a  brass  polisher,  but  with  a  hard 
brush  attached  to  the  lower  end  of  the 
swing  polishing  rod.  Ai^er  spreading  the 
piece  uj»on  the  table  with  the  grounded 
side  undennost,  the  paper-stainer  dusts 
tiie  upper  surface  with  finely  powdered 
chalk  of  Brian»;on,  commonly  called  calc, 
and  rubs  it  strongly  with  the  brush.  In 
this  way  the  satiny  lustre  is  produced. 

The  laying  on  ot"*  colors  is  accomplished 
in  precisely  the  same  way  as  in  calico 
I»riutint',  either  by  block  />r^^«  printing, 
or  by  the  cylinder  machine.  v\'ith  the 
latter,  18,^><io  yards  a  day  are  printed; 
these  are  afterwards  cut  into  pieces  12 
yanls  long.  The  great  lenj^th  to  which 
][»a]>er  is  now  made,  in  some  cases  2, Sim) 
leet  lontr,  facilitates  very  much  the  work- 
ing of  this  machine. 

PAPIEK-MACHE.  A  name  given  to 
arti<lcs  mamifactMred  of  the  pulp  of 
fini'cr,  or  of  old  pa])cr  ground  uj>  into  a 
pulp,  blcMclicd,  if  ncec^.>-jiry,  and  mould- 
ed into  various  torms,  This  artiele  has 
lately  been  used  upon  an  exteu.-ivc  senlo 
for  the  nuuiulacture  of  m<>uldii)L'-.  ros- 
ettes, and  other  architectural  oriumunts; 
pilasters,    capitals,   and   even    figures  as 
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Urge  OS  lifOf  have  also  been  made  of  it. 
It  is  lisfhtcr,  more  durable^  and  less 
brittle  and  liable  to  damage  than  phister, 
and  admits  of  beini?  colored,  gilt,  or 
otherwise  ornamented.  Another  article 
sometimes  goes  under  the  same  name 
which  is  more  like  pasteboard,  consisting 
of  sheets  of  paper  pasted  or  glued,  and 
powerfully  pressed  together,  so  as  to  ac- 
quire, when  dry,  the  hardness  which  it 
possesses.  It  is  afterwards  varnished 
with  japan  or  other  varnish,  and  often 
beautifullv  ornamented  bv  fl^yures,  land- 
scapes,  <&c.,  occasionally  inlaid  with 
mother  of  pearl ;  a  mixture  of  copperas, 
quicklime,  and  glue,  makes  it  partially 
waterproof;  and  borax  and  phosDhate 
of  soda,  which  is  also  added,  tenas  to 
make  it  fire-proof. 

PAPIER  VEGETABLE.  The  best 
kind  of  tracing  paper,  pormittiiig  either 
the  use  of  ink  or  Dlaek-lcud  pencil ;  be- 
sides beiu^  of  a  purer  color  than  any 
other,  is  ootaincd  in  France  from  the 
root  of  the  althot'i  officiruirtx. 

PARAFINE.  A  substance  contained 
in  the  product**  of  the  distillation  of  the 
tar  of  beech  wood.  It  is  a  tasteless  in- 
odorous fatty  matter,  fusible  at  112^,  and 
resists  the  action  of  acids  and  alkalis.  It 
appears  to  be  a  hydro-carbon.  IXa  name 
is  compounded  of  paruin,  llUl/',  and  aftinis, 
ahin^  to  denote  the  remarkable  cheinical 
indifference  which  is  its  characteristic 
feature.  A  similar  substance  has  been 
obtained  by  Dr.  Christison  from  the 
petroleum  of  Rano^oon. 

PARACHUTE.  An  apparatus  resomb- 
Itng  the  common  umbrella,  but  ot'  far 
greater  extent,  intoiided  to  eiiaMo  an 
aeronaut,  in  case  of  alarm,  to  drop  from 
his  balloon  to  the  crrouml  without  sus- 
taining injury.  This  is  etrectcd  by  means 
of  the  resistance  of  the  atMiospherc. 
When  the  parachute  is  dttaciioil  from 
the  balloon,  and  abandoned  w.ith  its  load 
in  the  air,  it  must  proceed  at  first,  from 
the  continued  action  of  irravity,  with  an 
acceleratetl  motion,  until  tlie  increased 
velocity  produces  a  resiMtanee  e«iual  to 
the  force  of  attraeti(jn,  or  the  weiirht  of 
the  apparatus  with  its  load.  Atter  this 
equilibrium  has  been  attained,  the  para- 
chute will  descend  witii  a  ne.irly  unitV.rm 
velocity.  Aocordinir  to  theory,  this  ter- 
minal velocity,  sui>posii)<_r  the'  Mirf.iee  of 
tlic  parachute  to  be  fiat,  is  e<|iial  to  that 
which  a  heavy  body  would  ae  luire  in 
fallinir  thou.rh  the  altitude  of  aeoiiiiun  of 
air  inenmbeiit  on  that  sijvfice.  and  h.iv- 
in?  the  same  weiirlit  ius  the  whole  anpir- 
otiis.   A  circular  parachute  haviuir  v.  diam- 


eter of  80  feet,  and  weighing  with  its  lotd 
2*25  pounds,  would  acquire  a  terminal 
velocity  of  about  13  feet  per  second ;  and 
a  person  descendiug  with  it  at  this  rate 
would  receive  the  same  shock  on  reach- 
ing the  ground  as  if  he  dropped  freely 
from  a  height  of  2|  feet.  The  actual  re- 
sistance of  the  air  is,  however,  greater 
than  is  given  by  theory,  and  is,  besides, 
augmented  by  the  concavity  of  the  para- 
chute, which  occasions  an  accumulation 
of  the  fluid;  but,  on  account  of  the  ac- 
tion of  the  wind,  the  axis  of  the  para- 
chute will  probably  become  inclined  to 
the  vertical,  in  which  case  the  resistance 
will  suffer  a  diminution. 

One  of  the  most  remarkable  instances 
of  descent  from  a  great  height  with  a 
parachute  is  that  of  Garnerin,  a  French- 
man, who  ascended  in  a  balloon  from 
London,  on  the  2nd  of  September,  1802. 
After  hovering  seven  or  eight  minutes  in 
the  atmosphere,  he  cut  the  cord  by  which 
his  parachute  was  attached  to  the  bal- 
loon. It  instantly  expanded,  and  for 
some  seconds  descendea  with  an  acceler- 
ating velocity,  till  it  became  tossed  ex- 
tremely, and  took  such  wide  oscillations 
that  the  basket  or  car  was  at  times  thrown 
almost  into  a  horizontal  position.  The 
intrepid  ai^ronaut  narrowly  escaped  de- 
struction by  being  precipitated  on  the 
houses  in  St.  Pancras,  ana  at  last  fortun- 
ately cnme  to  the  ground  in  a  nei^rhbor- 
imr  field.  He  seemed  to  be  much  agitated, 
and  trembled  exceedingly  at  the  moment 
he  was  released  from  the  car. 

A  recent  experiment  of  this  kind,  made 
by  Mr.  Cocking,  wjis  attended  with  fatal 
consequences.  Having  conceived  a  no- 
tion that  the  vibration  might  be  avoided 
by  ^ivins^  the  machine  a  different  form, 
this  projector  constructed  one  in  the  form 
of  an  inverted  umbrella,  that  is,  having 
the  eoneave  side  uppermost,  and  bound 
to  a  stroutr  wooden  hoop  to  prevent  its 
collapse  in  the  descent.  The  aiameter  of 
the  hoop  was  84  feet ;  and  there  was  also 
a  )>ole  of  »>  I'eet  in  diameter  in  the  middle 
of  the  parachute,  which,  it  was  supposed, 
would  also  contribute  to  give  trrealer 
'  steadiness.  Havinjr  attached  himself  to 
this  machine,  he  ascended  from  VauxhiUI 
Gardi'us  on  the  24th  of  July,  18.37.  On 
beiiiLT  cut  away  from  the  balloon  the  parn- 
ehute  deseetided  rapidlv,  and  with  violent 
o<eillati"(is  :  the  hoop  Ijroke,  and  the  un- 
fortntiate  i^rojeetor  fjll,  dreadl'ully 
luaTi.ded,  at  Ia-c,  neir  Hlaekhcath.  The 
jursons  in  the  ear  of  the  balloon  were 
also  j>liieeil  in  irre  it  d  inircr,  havinff  nar- 
rowly eseai>ed  sutfocation  from  the  quan- 
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tity  of  gas  expelled  in  conseqneDoe  of  the 
ffreat  velocity  with  which  the  balloon 
darted  upwards  immediately  on  being 
liberated  from  the  parachute.  They  sut- 
fared  extreme  pain«  and  for  a  time'  were 
deprived  of  sight ;  but  fortunately  they 
had  carried  up  with  them  a  large  bag 
filled  with  atmospheric  air,  by  means  of 
which  they  were  enabled  to  breathe. 
"Without  this,  they  would  probably  have 
perished.  Since  then  safe  viescents  have 
Seen  made  with  the  parachute  both  in 
England  and  France. 

latterly,  use  has  been  made  of  these 
instruments  in  making  descents  in  coal 
mines.  Occasionally  the  rope  breaks  and 
injury  arises.  By  one  of  these  being 
attached,  when  an  accident  occurs  it  un- 
furls, and  breaking  the  force  of  the  full 
enables  those  descending  to  reach  the 
bottom  in  security. 

PARAPET,  or  BREAST-WORK.  In 
fortification,  a  wall  or  screen  raised  on 
the  extreme  edge  of  a  rampart  or  other 
work,  through  which  embrasures  or  op- 
enings are  cut  for  the  cannons  to  fire 
through.  The  solid  parts  of  the  parapet, 
between  the  embrazures,  are  culled  the 
merlons.  In  common  language,  a  para- 
pet is  a  breast- wall,  raised  on  the  edges 
of  bridges,  quays,  <fec,  to  prevent  people 
from  filling  over. 

PARALLEL  MOTION  is  a  very  im- 
portant principal  in  mechanics ;  that  by 
which  the  motion  of  a  piston  is  rendered 
a  rotatory  action,  and  a  rotatory  motion  a 
rectilinear  one  ;  so  that,  if  wo  get  power, 
we  may^  by  this  means,  apply  it  iu  the 
way  desired.  The  crank  of  the  old  spin- 
ning-wheel is  the  most  common  method, 
but  it  causes  the  piston-rod  to  wahhU. 
To  prevent  this  waN/lin^  ha.s  been  the 
subject  of  much  contrivance.  White's 
American  is  most  ingenious.  lie  eon- 
necU*  the  piston  with  the  inner  of  two 
wheels,  which  works  inside  an  outer  one 
of  double  its  size,  and  goes  twice  round 
the  outer,  in  an  epicycloid  equal  to  the 
diameter  of  the  outer,  which  is  ujmn  an 
axis  connected  with  the  works.  Another 
plan  is,  to  connect  the  piston  rod  by  a 
Diir,  with  a  rotating  crunk,  wliich  "re- 
volves the  axle. 

PARING  AND  BURNING.  The 
operation  of  paring  otf  the  surface  of 
worn-out  grass  land,  or  lands  covered 
with  coarse  herbage,  and  burnintr  it  for 
the  sake  of  the  ashes,  and  for  the  destrue- 
tion  of  weeds,  seeds,  inseets,  ^tc.  Agri- 
culturists ditfer  as  to  the  value  of  this 
mode  of  improving  land ;  the  greuter 
number  preferring  a  naked  fullow  even 
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for  one  or  two  years,  alleging  that  more 
injury  is  done  bv  the  vegetable  matter 
lost  in  burning,  than  benefit  obtained  by 
the  ashes  produced.  Where  the  object 
is  to  bring  land  abounding  in  coarse 
herbage  immediately  into  a  state  of  good 
culture,  paring  and  burning  is  evidently 
the  most  rapid  mode  that  can  be  em- 
ployed ;  and  if  the  soil  contains  calcare- 
ous matter,  burning  will  have  nearly  the 
same  effect  on  it  as  if  a  dressing  of  quick- 
lime had  been  applied.  Much,  however, 
depends  on  the  way  the  land  is  treated 
afterwards. 

Whether  land  requires,  and  will  be 
benefitted  by  paring  and  burning,  de- 
pends upon  its  condition :  if  it  be  full  of 
weeds,  and  have  an  abundance  of  vegeta- 
ble mutter,  and  especially  if  that  organio 
matter  be  in  an  acid  and  sour  state,  or 
in  anv  way  peaty,  then  paring  and  burn- 
ing the  soil  will  be  a  great  means  of  fer- 
tilizing the  land :  but  it  is  a  great  ini- 
poverisher,  and  should  never  supply  the 
place  of  manure,  nor  should  it  be  practis- 
ed except  under  the  above  conditions. 

PARCHMENT.  This  writing  material 
has  been  known  since  the  earliest  times, 
but  is  now  made  in  a  very  superior  man- 
ner to  what  it  was  anciently.  The  art  of 
making  parchment  consists  in  certain 
manipulations  necessary  to  prepare  the 
skins  of  animals  of  such  thinness,  flex- 
ibility and  firmness,  as  may  be  required 
for  the  different  uses  to  which  this  sub- 
stance Ls  applied.  Though  the  skins  of 
all  animals  might  be  converted  into 
writing  mut-erials,  only  those  of  the  sheep 
or  the  she-goat  are  used  for  parchment ; 
those  of  calves,  kids,  and  dead-bom 
lambs  for  vellum:  those  of  the  he-goat, 
she-croat,  and  wolves  for  drum-heuds ; 
and  those  of  the  ass  for  battle-doors.  All 
these  skins  nro  prepared  in  the  same 
wuv,  with  sliijht  vuriutions. 

I'hey  are  first  of  all  prepared  by  the 
Icatiier-dresser.  Afler  they  are  taken  out 
of  the  lime-pit,  shaved,  and  well  washed, 
they  must  be  set  to  dry  in  such  a  way  as 
to  prevent  their  inickenne,  and  to  reiulor 
them  easily  worked.  The  small  manu- 
facturers make  use  of  hoops  for  this  pur- 
pose, but  the  greater  employ  a  /itrsr^  or 
stout  wooden  frame.  Tins  is  fornu'd  of 
two  unriffhts  and  two  cross-burs  solidly 
joined  together  by  tenons  and  mortises, 
"so  as  to  form  a  stroni;  piece  of  earpentry, 
wliioli  is  to  be  lixe<l  up  airuinst  u  wall. 
These  four  bars  are  perfonitcd  all  over 
with  a  series  of  holes,  of  sticli  (liin<'i»si(»ns 
as  to  r.'ceive  sliirhtly  tapered,  box-wood 
pins,  truly  turned,  or  even   iron  bolts. 
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Each  of  thc'^c  pins  is  transpierced  with  & 
holo  like  tho  pin  of  a  vi«»liii,  by  means  of 
which  the  striiiiTd  emplovol  in  Btretch- 
ing  the  skin  m.iy  be  tiirlitened.  Above 
the  Jwrse  u  sliclf  is  phicod  for  receiving 
the  tools  wl»ieh  the  workman  needs  to 
have  rtlwiiys  ut  hand.  In  order  to  stretch 
the  skin  upon  the  frame,  larger  or  smaller 
skewers  are   employed,   acoording  ns   a 

freater  or  smaller  piece  of  it  is  to  be  laid 
old  of.  Six  h(»lcs  are  made  in  a  straight  line 
to  receive  the  larirer,  and  four  to  receive 
the  sinnlier  skewt^rs  or  pins.  These  Hinall 
elits  are  made  with  a  tool  like  a  carpen- 
ter's chisel,  and  of  the  exact  size  to  admit 
the  skewer.  The  string  round  the  skewer 
is  atHxed  to  one  of  the  bolts  in  the  frame, 
which  are  turned  round  by  means  of  a 
key,  like  that  by  which  ])ianos  and  harps 
nro  tuned.  Tfhe  skewer  is  threaded 
through  the  akin  in  a  state  of  tension. 

Every  thing  being  thus  prepared,  and 
the  skin  being  well  softened,  the  work- 
man stretches  it  powerfully  by  means  of 
the  skewers  ;  he  attaches  tlie  cords  to  the 
skewers,  and  fixes  their  ends  to  the  iron 
pegs  or  pins.  He  then  stretches  the  skin, 
lirnt  with  his  lumcl  ap}»Iicd  to  the  jtins, 
and  afterwards  with  the  key.  (Jroat  care 
must  be  taken  that  no  wrinkles  are 
formed.  The  skin  is  usually  stretched 
more  in  lenirth  than  in  >>readtli,  from  the 
custom  of  tlie  trade  ;  thouirli  cxtensionin 
breadth  would  be  preterable,  in  order  to 
reduce  the  thickness  of  the  part  op]>osite 
the  backbone. 

The  workman  now  takes  the  fleshing 
tool  re]>ri"^ent<'<l  undt-r  CrRKViNo.  It  is  !i 
Bt'iiiicircuiar  d<'u]>le-cdLr''d  knite,  ni:idc 
fast  into  a  double  wooden  liamlU'.  The 
workman  seizes  the  tool  in  his  two  hands, 
so  as  to  ]>la('c  the  clge  perju-ndiiMiIiirly 
to  the  skin,  an<l  jin-^-ini,'  it  caret'iilly 
from  abov«»  downw:ir(K,  removes  the 
fleshy  exereseenees.  and  hiys  tlu-ni  asidi' 
for  makini;  Lrluc.  lie  now  turns  round 
the /(«/••>•>  u J >on  tiie  wall,  in  (»rder  to  L'ct 
access  to  tlie  out-ide  of'  the  s];in.  an<l  tt> 
serajK'  it  with  the  tool  invertrd.  >o  a.s  to 
run  no  ri>k  of  euttim:  the  epidirmis.  He 
tlius  removes  anv  adhering  tilth,  and 
Pfpieezes  out  some  water.    Tlie  skin  mn-t 


next  be  tri'onnd.  For  tliis  pnrj>">^t•  if  is 
S|>riid<led  uiM.n  tin-  fle>-hy  ^i.ie  \\  ith -il'ied 
clialk  or  slaU'ed  linie,  and  then  riiMicd  in 
all  directicMis  with  a  jui-ee  of  j-ntniee- 
stone,  4  to  T)  inches  in  an-a,  pre\ion-ly 
flattened  U]>on  a  sand-^^'iu-.  Tlie  lime 
gi-ls  .-ociu  inol-.»  tV(im  till-  \\:'/<-r  •■■>iit:,ine(l 
in  the  >kiii.  Tlie  [.r.niici'  -;.ine  is  tlim 
riilihed  o\er  tlu*  otln  r  >idt  of  t'le  -kin, 
but  wiiiionl  ehalk  or  lime.     This  opera- 


tion IB  necessary  only  for  the  best  parch- 
ment or  vellum.  The  skin  is  now  tUlow- 
ed  to  dry  upon  the  frame ;  being  cany- 
fuUy  protected  from  sunshine,  and  from 
frost.  It  is  allerwards  scraped,  rubbed, 
and  nolishcd  with  pumico.  It  is  occa- 
sionally colored  green  with  a  mixture  of 
cream  of  tartar,  verdigris,  and  nitrio 
acid,  and  finally  receives  a  gloss  from 
the  white  of  Q^g  or  mucilage,  laid  on 
with  a  brush. 

PARTING.  A  process  for  separating 
gold  from  silver.  {See  Assay,  K£yi>'iNG, 
and  SiLVKK.) 

TASTE.  In  gem  sculpture  a  prepara- 
tion of  gl:iss,  ciUcined  cryhtsd,  lead,  and 
other  ingredients,  for  imitating  gems. 
This  art  was  well  known  to  the  ancients, 
and  after  being  lonij  lost,  was  restored,  at 
the  end  of  the  littcenth  century,  by  a 
Milanese  painter. 

S<^mc  modem  artists  have  sncoecded 
in  oi)taining  a  composition  pessessing  a 
hard,  fine,  and  brilliant  lustre  or  appear- 
ance ;  but  paM-es^  or  mock  diamonus  as 
they  are  called,  depend  most  for  brilli- 
ancy on  the  art  displayed  in  setting  the 
foil  or  tinsel  behind  them.  Sevend  re- 
cipes have  been  given  by  M.  Foutanier; 
but  the  most  useful,  and  that  generally 
emjtloyed  for  the  production  of  artificial 
diamonds,  is  the  following:  Take  of 
litharge  20  parts,  of  silex  Vi^  of  nitre  4, 
of  borax  4,  and  of  white  arsenic  2  parts. 
These  ingredients  are  to  be  well  mixed 
toi^ether  in  a  crucible  and  melted;  the 
fused  metal  is  thrown  into  wtitcr;  and 
should  any  of  the  le:ui  emploved  be  re- 
due"d  to  the  metallic  state,  it  bec<nnes 
sei)aratetl  by  this  process  and  the  glass  is 
remidted  for  use.  For  the  finer  kinds 
rock  crystal  is  used  instead  of  flint  or 
sand,  as  it  occurs  in  a  much  purer  state  ; 
/. '.,  more  free  from  the  admixture  ot 
metallic  (»xides,  whieh  tfive  to  vitreous 
compounds  their  dilferent  C(.)lors.  in 
jilaee  of  the  above,  Loysel  recommends 
\he  lollowinLT  intrredients  to  form  a  c«nn- 
pouiul,  havini'' the  .satne  specific  frravity 
as  the  orifiital  diamond,  ami  on  this  ao- 
eount  considered  superior,  as  it  more 
nearly  a|>]>roaehes  the  irem  with  reirard 
t'i  its  relVaetive  and  di>persive  jK>wers; 
l»ut,  like  the  former,  it  rer|uires  to  l>o 
kept  tor  Some  two  or  three  tlays  in  a  fused 
>tate,  in  ordiT  to  expel  the  superabun- 
dant alkali  and  to])orreet  the  retminj.  A 
m"derate  de^Ti-e  ol"  heat  t"uses  it.  The 
I'tll-'wlnir  is  its  co'iipositii>n  :  Take  of 
ulii'r  >and  jMiritied  h_\  beinir  washed, 
lir-t  in  itiur'i.itii'  aeid.  and  at'ierwariU  in 
I'll  re  water,  until  all  traces  of  acid  arc  ro- 
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moved,  100  pnrts ;  red  oxide  ef  loud 
(njiiiiiim)  InO  parts;  calcined  potar^h  8<) 
to  3o  parts ;  calcined  borax  10 ;  and 
oxide  of  ar.-*enic  1  part. 

Tlie  term  pa.'ite  is  also  applied  to  the 
earthy  mixture  tor  pottery  and  porce- 
laiu ;  also  to  dou^h,  and  to  the  solution 
of  starch  or  wheat  flour,  made  by  first 
mixing  it  with  a  proper  portion  of  cold 
water,  and  then  addinj?  boilin^  water 
Tinder  constant  stirrincr,  so  as  to  Ibrm  an 
oven  solution.  Alum  is  often  added  to 
pa**te  to  strenirthcn  it. 

PASTEL.  In  painting',  a  crayon  formed 
with  any  color  and  ^uni  water,  for  paint- 
ing on  paper  or  inirchment.  The  prreat 
delect  of  tliis  moae  of  painting  is  its  want 
of  durability.     (^V<  Cuayon). 

PASTIL.  In  i)harmacy,  a  kind  of 
lozensre.  A  compound  of  eluircoal  with 
odoriferous  substances,  which  dilVn>es 
an  ajrreeable  perfume  during  its  alow 
combur^tion. 

PASTP:i5,  or  FACTITTOT^S  GEMS. 
The  general  vitreous  body  called  Stra'^s 
(froii»  the  name  of  its  German  inventor,) 
preferred  by  Fontanicr,  is  }>re|>ared  in 
the  following  manner: — S  ounecs  of  j^>ure 
rock-cryst:d  or  Hint  in  i)o\vder,  mixed 
with  24  ounces  of  salt  of  tartar,  are  to  be 
baked  and  letl  to  cool.  The  mixture  is 
to  be  at\erwards  [xtured  into  a  l)a>in  of 
hot  water,  and  treated  with  dilute  nitric 
add  till  it  ceases  to  elfervesce  ;  and  thou 
the  frit  is  to  be  washed  till  the  water 
comes  olf  tasteless.  This  is  to  be  drit-d, 
and  mixed  with  12  ounces  of  line  white 
lead,  antl  the  mixture  is  to  be  levii^'ated 
and  elutriated  with  a  little  distilk<l  wiitcr. 
An  ounce  of  ealeiiu-d  borax  1><  ing  a'Kled 
to  about  12  ounces  of  the  j-rerediiig  mix- 
ture in  a  <lry  state,  the  whole  is  to  be 
rubbed  toiretlier  in  a  pon-dain  mortar. 
melted  in  a  clean  enu-ihU-,  and  ]>oure«l 
out  into  cold  water.  Tiiis  vitreous  mat- 
ter nmst  be  dried,  and  melted  a  second 
aial  a  third  time.  alway>  in  a  new  crueil)lc, 
and  after  each  meltiiiLf  poured  into  eoI<l 
Water,  as  at  lir^t,  takiuL'  care  to  separate 
the  lead  that  may  be  n\i\ed.  'io  the 
thinl  frit,  ground  to  jtowdi-r,  '>  drachins 
of  nitre  are  to  be  added;  and  tlie  mix- 
ture beintr  iiu-!t*d  for  the  la^t  time,  a 
m:e*H  of  ery>tal  will  In-  tbuiid  in  the  eru- 
cilile,  r>f  a  beautiful  lu-«tre.  The  tliaiiiond 
mav  be  well  iniilate(l  bv  this  Maxeiiee 
ba-'C.  Another  very  fme  wliite  er\>tal 
may  b<'  obtained,  acciirdim:  to  M.  Kon- 
tanier,  from  >  «»unies  of  white  had,  2 
ounces  ot' powdered  borax,  k  grain  ofmaii- 
gane>e,  and  :\  ounces  of  roek-ery^lal, 
treated  as  above. 


The  colors  of  artificial  gems  arc  obtain- 
ed from  metallic  oxides.  The  orU  nfal 
tojhiz  is  prepared  by  ad.ling  oxide  of  an- 
timony to  the  base;  the  amethyst,  by 
manuMiiese  with  a  little  of  the  purple  of 
Ca?*sius;  the  beryl,  by  antimony  and  a 
very  little  c<;balt;  vellow  arliticial  dia- 
mond and  oi)al,  by  fiorn-silver  (eldoride 
of  silver;)  olue-stone  or  sappliire.  by 
cobalt.  The  following  proportions  liuve 
been  given: — 

For  the  vdlow  diamond.  To  1  ounce 
of  strass,  add  24  grains  of  chloride  of  sil- 
ver, or  10  grains  of  glass  of  antimony. 

For  the'  sajudiirf.  To  24  ounces  of 
strass,  add  2  drachms  and  2G  grains  of 
the  oxide  of  cobalt. 

For  the  (o-imfal  rtihy.  To  16  ounces 
of  strass,  add  a  mixture  of  2  drachin«*  and 
4s  grains  of  the  ]irecij>ate  of  Cassius,  the 
same  quantity  of  peroxide  of  iron  prejtar- 
ed  by  nitric  acid,  the  same  (piantity  of 
golden  sulphuret  of  antimony  and  of  man- 
ganese calcined  with  nitre,  and  2  ounces 
of  rock  crystal.  Man<^'anese  alone,  com- 
bined with  the  base  in  ]»roper  quantity, 
is  ."-aid  to  ijive  a  rubv  color. 

For  the  enorald.  To  15  ounces  of 
strass,  add  1  draeliin  of  mountain  blue 
(carbonate  of  copjier),  and  0  grains  of 
glass  of  antimonv  ;  or,  t(»  1  ounce  of  hane, 
add  21'  grains  of  ^da>-*i  of  aiitimony,  and  3 
grains  of  oxide  ot' cobalt. 

For  the  cuunnoik,  tqnil.  To  1  c)unee  of 
straps,  add  lo  grains  of  horn-silver,  2 
grains  of  calcined  nuiLrnetic  ore,  and  2G 
LMains  of  an  absorbent  eartJi  ^)rob>ibly 
elialk-marl.) 

M.  Dcmault  Wicland,  in  an  experiment- 
al memoir  on  tin-  j>reparation  of  artilleijj 
colored  stones,  has  ottered  the  foll<»wing 
in^'truetion'^,  as  beinir  more  exact  than 
wl.at  wi-re  pnlili-«hed  iiefore. 

The  ba>e  ot'all  artitieial  stones  is  a  col- 
orless Lrlass,  wITu'li  he  calls  t<'H'l<iiit,  or 
tlux  ;  and  he  nnites  it  to  nietallie  oxides, 
in  order  to  jiroduee  the  imitations.  It"  it 
be  worki'd  a'oiie  on  the  hqiidai} 's  whei-1, 
it  eouiiterteits  brilliants  and  rose  dia- 
monds remarkably  well. 

This  ]ia->c  or  stinssis  eoiiqtoscd  of^^ilex, 
potash,  borax,  oxide  of  lejid,  and  soin.'- 
tiine-  ar-^iuic.  The  silieious  inatti  r  sIjouIiI 
l.M-  perteetly  j'Uri';  and  if  oj.t;,lned  tVom 
sand,  it  oUu'lil  to  i)e  ealeilied  and  w  asiieil, 
lir«>t  with  dilute  muriatic  acid  and  then 
with  water.  Thci-rs-tal  or  Hint  si;ould 
be  made  n'dln't,  ipuiiehed  in  watei,  ai  d 
trri'Und.  a•^  in  the  potft-riv-'.  T'  e  p'^'a-^h 
should  be  puiitii-d  iVi'in  the  l..--t  j  .  arl- 
ash  ;  and  the  h'>r;.\  sImuiM  he  n-tiin  d  by 
one  «»r  two  cr\staUi/.alions.     The  oxide  of 
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lead  should  be  absolntely  free  from  tin, 
for  the  least  portion  of  this  latter  metal 
cjmses  milkiness.  Good  red  lead  is  ])re- 
ferable  to  litliarj^e.  Tlie  arsenic  sliould 
also  be  pure.  Hessian  crucible:*  are  pre- 
ferable to  those  of  porcelain,  for  they  are 
not  so  apt  to  crack  ami  run  out.  Either 
a  pottery  or  porcelain  kiln  will  answer, 
and  the*  fusion  should  be  continued  24 
hours ;  for  the  more  tranquil  and  contin- 
uous it  is,  the  denser  is  the  paste,  and 
the  lyrreater  its  beauty. 

For  rubies,  the  proportions  are : — Paste 
2,800 ;  oxide  mansfanesc  70. 

For  emerald  : — Paste  4,008  ;  green  ox- 
ide copper  42  *  oxide  dome  2. 

PATENT  YELLOW.  A  lujjment  ob- 
tained by  fusing  a  mixture  of  oxide  and 
chloride  of  lead. 

PAVEMENT  FOR  KOAPS.  As  the 
advantajres  of  j?ood  roads  throuifh  the 
country  are  unfiucstionable,  so  the  bene- 
fits of  well  paved  streets  in  cities  are  no 
less  apparent.  Good  roads  are  an  evi- 
dence of  civilization.  The  Indian  follows 
the  trail  of  his  lorefatluT,  and  ;zives  evi- 
dence of  some  kindp'd  instinct  like  the 
brute,  but  the  civilizeil  man  levels  the 
mountain  and  tills  up  the  morass,  to  make 
a  permanent  pathway  for  the  horse  and 
his  rider,  the  carriaire  and  its  driver.  The 
importance  of  iL'ood  roads  was  not  un- 
known to  the  ani-ients,  amd  to  llie  Car- 
thaginians, a  ('onuncTLial  j»e"j>lL',  is  the 
ii»vention  of  pa\e<l  roads  traced.  From 
thorn  the  Koman?^  learned  the  art  as  they 
did  that  of  ship-l'uildiiiir.  I)urin>:  the 
rei-rn  otMulius  Casar,  the  Capital  was  in 
eotninunicarinn  with  the  ehiel"  towns  hy 
well  ]»avcd  roads  whieh  hianehed  iVom 
the  seven-hilled  city,  at  one  time,  to  every 
iirovince  of  tlie  empire.  The  liornans 
introdueed  their  sy>tem  of  roads  into 
Pritain,  and  thev  were  made  upon  a 
giL'antie  seale,  with  an  e-ye  to  pi'rin.uien<-y. 
It  beinir  tlie  i-onnnon  opinion  tlnii  that 
the  K<;nmn  Empire  was  to  emliii'e  for 
ever. 

Tiie  Periine  j>aveiiM-nt  lately  laid  down 
in  Nevv-^  ork  i<  a  )'a\  imim  iit  iiiadi-  i«t'  ol>- 
lon-j  lilock.-  of  trap,  eatli  ot  alioiit  lo  inrlu  -> 
lonL'.  and  >i\  hroad,  ai.d  >-i\  dcrp.  in  ally 
Irinniied.  Tin-  Lrroun-l  is  i\.m\  atrd  aliout 
14  in'dies.  aiul  a  >trat:i  ot'  \  ni'-lits  i.rra\(l 
mixed  with  >aiid  and  >onie  pl.i-!.  r  i^i" 
Paris  is  laid  down  iiiid  wt  II  In  .tied  and 
levelled  and  then  sprinKK  d  w  it  h  wntrr. 
Tlii-n  allot  her  >trata  i'^  l.ii'l  dow  n  .,r  t  h,. 
same  y*{\\\\'  and  triMtrd  in  tie-  -.iiiir  \\:iy, 
maUiti;,'  il  .sliii'litly  e<»n\(\.  < 'n  liic  toj, 
ot'  tliis  tln'se  oldoii;^'  hlock-^  arc  laid  in 
amony^  a  heU  of  sand  mixed  with  L'ronnd 


burnt  brick.  These  blocks  must  be  ac- 
curately laid  and  well  rammed  down,  and 
in  our  opinion  will  make  the  best  pave- 
ment for  a  business  city  like  New- York, 
where  there  is  au  immense  amount  of 
travel. 

The  idea  of  paving;  the  streets  of  mod- 
ern cities  is  derived  from,  and  based  upon 
the  Roman  roads.  Many  of  those  are  still 
in  perfect  repair  in  It^Uy,  especially  in 
the  neighborhood  of  Rome.  The  stones 
are  generally  of  trap  rock,  of  a  polyangu- 
lar  shape,  of  a  very  larse  surface,  and 
about  rourteen  inches  deep.  They  are 
slightly  pyramidal,  and  set  with  "their 
broad  faces  upwards.  They  are  well  fit- 
ted together,  and  sometimes  laid  in  ce- 
ment, though  not  always.  In  Naples, 
the  blocks  are  rectangular  (mostly 
s«^uare)  of  about  two  feet,  by  two  surface, 
and  six  inches  in  thickness,  well  fitted  to- 
gether, placed  diatronallv  on  the  street, 
and  laid  in  a  thick  bed  ol'  Roman  cement. 
This  pavement  excels  in  soliditv  and  even- 
ness, but  becomes  dangerously  smooth, 
hence  it  is  necessary,  from  time  to  time  to 
cut  grooves  on  its  surface.  The  city  of 
Kojne  is  paved  with  blocks  which  are 
parallelograms,  of  about  ten  inches  square 
surface.  Thev  are  laid  in  a  thick  bed  of 
cement.  In  tlie  cities  of  Northern  Italy, 
the  roatls  may  be  called  stone  railroad.s, 
;w  the  tracks  for  the  wheels  are  broad  flat 
stones,  laid  with  precision,  while  the 
traeks  for  the  horses'  leet,  between  the 
lines,  are  paved  with  small  stones.  This 
is  a  irood  pavement,  when  well  made,  and 
was  j^artially  carried  out  on  the  irreat 
tniiipike  between  the  cities  of  Albany  and 
Sclieho'tadv,  in  New-York.  None  of 
tht-e  kinds  of  pavements  are  suitable  for 
stieh  a  eity  as  New-York. 

A  irreat  number  of  ditfercnt  kinds  of 
paviineiith  have  been  tried  in  New-York 
eity.  The  eohhle  stone  or  smtJl  bcaiMer 
pa\einent,  is  the  oldest,  and  not  a  Uul 
pavement  when  well  laid  down,  but  this* 
IS  M-ldoni  the  ea>e,  arirl  one  great  ditlieiilty 
in  the  way  of  its  eiuluranee,  is  the  u'reat 
\ari»_ty  in  the  quality  of  the  stones. 
A\'o. >,  1,  n  Mocks  were  at  onetime  suppos- 
ed to  he  tlie  he^t  of  all  pavements,  Ixl'orc 
tin  irenduriiiLf  oualities  were  tried.  The 
pa\etn«'nt  whiili  has  i^ot  the  name  of 
'•  Kii-^"  in  thisrity,  i**  notliinij  more  nor 
le---  than  the  Neapolitan  i»avement.  only 
it-  jn//Ml<iiii  |,,(|  dt"  eomrete.  tor  the 
di,i_'oMal  lijoi'ks,  i-<  niadf  in  seetions.  It 
-oi>n   \i;i\e  to  In   treatid    in  this  eit\, 
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at'ui"  it  l'i(o|iic>  sniootii,  like  tlu;  pa\e- 
nniit  in  Naplis.  Thi>  is  the  only  ohjee- 
tion   to  it,    hut    is   a   very   serious   one. 
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Pavement  with  ronfirh  tops  is  best  for  steep 
incliued,  to  allow  hoTves  to  pull  licuvy 
load£^  up  the  same,  and  althouirh  not  re- 
quired in  Buch  a  citv  as  New-^'ork,  it  may 
be  good  for  some  other  city.  Tlie  rcrrino 
pavement  is  not  snitabie  for  streets  like 
Broadway,  where  the  carriages  and  omni- 
bu^ses  will  be  continually  crossing  the 
tracka,  and  it  will  be  expensive  for  re- 
pairs, because  there  is  so  much  street  lifl- 
ing  for  gas  pipes  and  common  sewers. 
The  Kus*  and  Perrine  pavements  are 
solid  and  lasting,  but  we  must  look  to  a 
pavement  that  will  be  enduring,  easilv 
repaired,  easily  laid  down,  and  that  will 
obviate  the  surface  ditticulties  of  the  two 
pavements  mentioned. 

A  new  system  has  been  tried  in  Lon- 
don, and  nas  been  tested  for  ten  yenrs 
with  the  most  gratifying  results.  This 
method  is  to  remove  the  subsoil  to  the 
depth  of  sixteen  inches,  then  lay  a  layer 
of  4  inches  of  strong  gravel,  well  rammed 
down,  then  another  layer  of  gravel,  and 
a  little  chalk  is  well  rammed,  and  a  third 
of  the  same  stutf^  all  well  rnnimed,  and 
the  street  made  sliirhtly  rounding.  Stones 
of  good  granite  four  inches  dcip,  three 
inches  thick,  and  four  inches  long,  aire 
then  laid  down  in  fine  sand,  oiuh  cnrc- 
fuUy  placed  not  to  rock  in  its  bed,  and 
the  whole  surface  well  raininod  down. 
This  system  has  been  found,  by  thorouirh 
experience,  to  be  inflnitoly  profi-nilth*  to 
the  large  blocks,  and  for  that  reM'ion  it  is 
well  worthy  of  the  attention  of  our  city 
authorities. 

PEARL  ASH.  The  common  name  for 
carbonate  of  potash. 

PEARL  BARLEY,  is  common  barley 
deprived  of  its  hu-^k  and  rounded,  and 
polished  in  a  mill. 

PEARL  POWDER  is  a  walory  precipi- 
tate of  the  nitric  solution  of  l)isniiith.  with 
the  addition  of  muriatic  acid.  Sulphur- 
etted hydrogen,  or  coal  gas,  turns  it 
black. — Or,  with  fine  powder  of  French 
chalk  mix  an  equal  weight  of  nuii,Mstery 
of  bismuth. 

PEARLS.  These  are  substances  form- 
ed by  certain  bivalve  UK^lliisks,  eonsi>tintr 
of  concentric  layers  of  a  tine  eompaet  na- 
cre, or  substance  ich'ntical  with  that  which 
lines  tlie  inside  of  the  shell ;  they  are 
sometimes  found  free  and  dctaehcd  with- 
in the  loUis  of  the  mantle,  but  most  <'om- 
monlv  adherent  to  the  naerous  co.it  of 
the«)icll,  which  «^tn  that  a«'eoiint  is  ternii<l 
**  mother  of  pearl."  The  >iH-<i(s  ot"  Id- 
valve  whi<-h  protltK'es  the  niM-t  viiliinh'r 
pearls  is  the  pearl  oyster  of  (\!\!oii,  .J// - 
uufjrina    manjavitij\ra,    Lam.     A    j>ure 


piece  is  generally  spherical,  and  has  a 
white,  or  bluish,  or  yellowish  white  color, 
with  a  peculiar  lustre  and  irridcsccnce, 
and  consists  of  alternating  concentric 
layers  of  membrane  and  carbonate  ojf 
lime.  When  steeped  in  dilute  muriatic 
acid,  the  carbonate  is  decomposed  with 
effervescence,  and  films  of  membrane  re- 
main undissolved. 

Pearls  were  in  the  highest  possible  es- 
timation in  ancient  Rome,  and  bore  an 
enormous  price.  Their  cost  in  modem 
times  has  very  much  declined;  partly, 
no  doubt,  from  changes  of  manners  ana 
fashions,  but  more,  probablv,  from  the 
admirable  imitations  of  pearls  that  may 
be  obt-nined  ut  a  very  low  price.  Accord- 
ing to  Mr.  Milburn,  a  handsome  necklace 
of  Cevlon  pearls,  smaller  than  a  large  pea, 
cost  Iroin  ¥^50  to  ^1  ,5<mi,  but  one  of  pearls 
about  the  size  of  nej>percoms  may  be  had 
for  f^TS  ;  the  pearls  in  the  former  sell  at  b\ 
dollars  each,  and  those  in  the  latter  at 
about  874  cents.  When  the  pearls  dwin- 
dle to  the  size  of  a  small  shot,  they 
arc  denominated  Med  j)earls,  and  are  of 
little  value.  They  are  mostly  sent  to 
China.  One  of  the  most  remarkable 
pearls  of  whicli  we  have  any  authentic 
aecount  was  bought  by  Tavernier,  at  Cat- 
ifa,  in  Arabia,  a  fisliery  famous  in  the 
ilays  of  Pliny,  for  the  enormous  sum  of 
*.')0.oo(i!  It  is  r»ear-s}ia]»cd,  regular,  and 
witli<»nt  blemish.  The  diameter  is  '68 
inch  at  the  largest  part,  and  the  length 
from  2  to  3  iiichcs.  It  is  in  the  pos- 
session of  the  shah  of  Persia. 

The  pearl  oyster  is  fished  in  various 
parts  of  the  world,  particularly  on  the 
west  coast  of  Ceylon;  at  Tuticorin,  in 
the  province  of  Tinnevelly,  on  the  coast 
of  (  oroinandel ;  at  the  Bahrein  IsUmds, 
in  the  (Julf  of  Persia;  at  the  Sooloo  Isl- 
anils ;  olf  the  cojunt  of  Algiers  :  off  St. 
MarL'arita,  or  Pearl  Islands,  in  tne  West 
Indies,  and  other  places  on  the  coiust  of 
ColoiMl)ia;  and  in  the  Bay  of  Panama,  in 
tlie  South  Sea.  Pearls  have  sometimes 
been  found  on  the  Scotch  coast,  and  in 
various  other  I'laoes. 

The  i)earl  ti>hery  of  Tuticorin  is  mon- 
optilizt'fi  by  the  Kant  ln<lia  Company,  and 
that  of  Cevlon  bv  Rovaltv.  Biittlu-se 
nionopfWi«'s  arc  of  no  value,  as  in  neither 
ca^-e  does  the  sum  Ibr  which  the  fnliery  is 
let  ccjual  the  expenses  incurred  in  L'uard- 
inir,  surveying,  an-l  maiiMLrlng  the  Uinks. 
It  i.-^  tluTet'ore  sutlieieiitly  (il>\ioii^  that 
this  sy.stem  ouL'ht  to  be  abolished,  jin^l 
i'\er\  one  .MMowerl  to  Ji^h  en  p;i\inL'  a 
nioihrali-  liccjKL'  <Iufy.  Tin-  t'e;ir  of  t'X- 
hau.>liiig  the   banks   is   quite   ludicrous. 
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The  fishery  would  be  abandoned  as  nn- 

profitablc  hmyf  hfit'ore  the  hrceii  of  oysters 
nad  been  injiiruiurily  diiMinishcd.  and  in 
a  lew  years  it  would  be  as  prodiictivc  as 
ever.  *  Besides  giving  Ircsli  lil'e  to  tlie 
fishery,  the  aboUtion  of  the  monopoly 
would  put  an  end  to  some  verv  opj>resMve 
re<;ulutions  enacted  by  the  l)utc'h  more 
than  a  centurv  ml'O. 

PEAKLS,  AliTlFICIAL.  These  are 
sniall  iflobules  or  pear-shaped  Pi)lieroid8 
of  thin  .^lass,  pertorated  with  two  oppo- 
pitc.  holes,  throuirh  whieii  they  are  strung:, 
and  mounted  into  neeklaoes,  t.\:e.,  like  real 
pearl  ornaments.  They  must  not  only 
be  white  and  brilliant,  but  exhibit  the  ir- 
rideseent  relicctions  of  mother  of  j>earl. 
The  li'juor  employed  to  imitate  the 
pearly  lustre,  is  called  the  «.•«■'< /a't  (>f  the 
j^/a/  {ff<.-<i  fic€  (Fiiri* iif  \^  whii'h  is  jtrejuired 
T)y  throwiniT  into  water  of  ammonia  the 
])riHiant  scales,  or  rather  the  Inriollii.  se- 
parated by  washing  and  friction,  of  the 
scales  of  a  small  river  tish,  t)ie  blay.  called 
in  Frcncii  ahhtt'.  The.>e  scales  iliirested 
in  ammonia,  havintr  acijuiretl  a  dcirree  ot 
b0l"lne>>  and  lle.\ibilit\  which  allow  of 
their  aj'plication  to  the  inner  surtaees  of 
the  Lrla.-'S  trlobules,  they  are  introduee'l  by 
suction  of  the  liquor  eontainim:  them  in 
suspension.  Tlie  ammonia  is  volatilized 
in  the  act  of  dryiiiL,'  the  irlobulcs. 

Some  manufacturers  ejn]>lov  ammonia 
merely  to  prevent  the  altcraiion  of  the 
scales  ;  that  when  they  wi<h  to  make  use 
of  them  they  ssu>pcnd  theni  in  n  well 
elarilied  solution  ot'i-iiiij]a>s,  then  ]>oiir  a 
a  dro[)  of  the  mixture  into  ea*'h  bc;i<l, 
and  spread  it  ro\uid  the  inner  surt'ai-e. 
Tt  is  (loubttul  wl'tther,  by  tlii-«  nu-:Ii  ..1, 
llie  sarni'  lu-^tre  and  p!ay  of  culdrs  ran  lie 
obtainiMl  as  \)\  the  fornier.  Jt  secni-i. 
77ioreover,  to  be  of  iiuj'ortaiice  t""r  the  >^uc- 
Cc>s  of  the  imitation,  that  the  Lrlob'iK's  be 
formed  of  a  Itlui^h,  oi.:ih-'»ce]it.  vt-ry  thin 
^'lass,  containint,'  but  little  potash  and  ox- 
ide r>f  lead.  In  evrr\  maiiufactory  of  jir- 
titicial  ]»earls,  thei'i-  must  be  >Mine  work- 
men ]ios^c^>fd  of  |_rr«;it  cxjirritH'C  aial 
dexterity.  The  Kn  in-h  exrel  in  thi^  in- 
geiiioM><  lir.iiK-h  of' iii'li'.'-lrv. 

TKAIIL  WlilTH  i<  aVnbmuri:.»o  <.f 
bi>iuuth.  obtaint  d  lt\  poiiriirj-  a  '•o'.'ition 
of  the  nitrate  of  that  niet;il  iii!o  a  .lilnt,- 
soluti'-n  ot'  sea  ^alt,  wl.i  ri  b_\  a  liL^l.t  and 
viM'v  wb.ite  jiouilcr  i>  oi.'iiiiu  .1,  wl  ie;.  is 
to  be  Well  wa>lied  ail'l  dlied.  >' t  jin- 
wnu. 

rKAKLSINTF.K.  In  mliu ml-.-y.  a 
s;r-i''>ii-  mint  lal  t'"iiiicl  in  vol,  ,,nir  lul'a  : 
it  i--  aUo  (•.-''Ic'l  ,','"/  ■'> . 

I'KAliLsTuN  l^.    A  variety  ot'ol.sidian, 


a  voleanic  product  of  a  pearly  lostre :  il 

Ls  a  silieaie  of  alumina. 

P£ ASTON  E,  or  PISOLITE.  A  vari- 
ety of  hmestoue  composed  of  globular 
concretions  the  size  of  a  pea. 

PEAT.  The  natural  accumulation  of 
vegetable  matter  on  the  aurface  of  lands 
not  in  a  state  of  cultivation ;  always  more 
or  less  saturated  with  water,  and  srcnerally 
abounding  in  modifications  of  extractive 
matter,  varvintr  with  the  nature  of  the 
plants  of  wfiieh  the  peat  is  composed. 

Peat  is  generally  of  a  black  or  dark 
brown  color,  or,  when  recently  formed, 
of  a  yellowish  brown :  it  is  soft,  and  of  a 
viscid  consistence ;  but  it  becomes  hard 
and  darker  by  ex}K)sure  to  the  air.  It  is 
generally  more  or  less  mixed  with  earthy 
bub^tunces.  When  steeped  in  water  it 
irivcs  out  a  brown  liquor,  more  or  less 
dark.  AVhen  thorouiridy  dried  it  may 
be  set  fire  to,  and  bums  slowly,  giving 
out  a  gentle  heat  without  much  smoke. 
Tills  smoke  cc«mmunicates  a  peculiar  fijt- 
vur  to  all  the  articles  with  which  it  cf»mes 
in  contact ;  and  this  fiavor  is  ctmsidered 
a  eharaileristieof  spirits  which  have  In-en 
distilled  in  ve>>els  heated  by  this  kind  of 
fuel,  and  al>o  (if  malt,  corn,  and  fish  which 
have  iH'cn  drietl  by  it.  Peat  abounds  in 
every  part  of  the  world,  but  more  e>pe- 
cially  in  the  cold  moi^t  climates  of  tem- 
perate reL'ions,  and  generally  in  tlnwe 
]iarts  of  Europe  where  the  ground  is 
moist  without  natunil  drainaire,  and 
where  the  sun's  litrht  is  oi»scured  by 
cloiid>.  It  covers  numy  thousand  aeies 
in  Ireland,  and  in  the  IIi<:hlands  and 
we'^tern  eountir."-  of  the  Lo^\land^  of  Scot- 
lanil.  and  in  the  \>e>tern  counties  of  En- 
;:htnd  ;  but  all  thoe  bo^s  arc-  rapidiv  dis- 
ap]»t-arini.'.  in  coii'^equencc  of  being 
<li"aine>l,  and  haviiii:  their  stirfaces  sliirlit- 
ly  eoveiid  with  earth,  and  stirred  and 
sown  with  L'rass  '^eeds. 

When  j'catN  matter  accumulates  on  the 
>ide^  of  ai-i'livities  it  is  trenerally  eompar- 
atl\ely  dr\,  anil  is  then  called  liill-peat; 
init  when  peat  ai'cumulates  on  hollow 
]'hic(>,  (.r  on  I'at  surfaces,  it  is  generally 
tlioroUL'hlN  saturated  with  water,  and  is 
tl.fii  ea.led  I'lat-boiT.  In  niost  cases  the 
priiif'.pal  plant  ^^  hich  f«"rm"*  tl;e  peatty 
UiatUr  is  tlu-  >'  '••'oiinnt  jni'ii>.trt'  of  Lin- 
na-'i-  ;  a  mos>  which  is  eommon  on  all 
m"i-l  l'«;.t_\  >url;ni'r»  throuixhout  Europe, 
ai.d  i-^  Tk  q'h 'it  in  nian\  j-arts  of  North 
Ann  Ilea,  'ri.."  iMo>v  continues  i^roAkiiig 
uj'waid-  tVoiu  !hi]'oin'-^  v_»f  the  sh"ot>, 
w  !  ".V  i!' -mn  i-«  a'l\ .  nfii-,ir  in  a  similar 
ii.  Mii.i  r  ti  "Ml  t)  rir  lowi-r  extremities; 
^  iLu.>  lormiiig  a  thick,  close  mas&  of  vego- 
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table  matter^  which  rota- below  as  it  in- 
creases in  height.  The  rotten  part  is  fre- 
?iuently  du^  out  and  dried,  to  be  used  as 
uel,  or  to  be  mixed  with  dung  or  lime 
and  rotted  into  manure. 

When  peaty  matter  accumulates  on  a 
sarface  wnich  abounds  in  sprin^r*^,  the 
water  sometimes  oozes  out  beneath  the 
pent,  and  between  it  and  the  natural  soil, 
in  such  quantities  as  to  raise  up  the  layer 
of  peat,  and  float  it  oflf  to  a  distance ; 
sometimes  carrying  every  thin^  bctbre  it, 
and  ending  by  burying  under  it  lands  in 
a  state  of  culture.  About  the  middle  of 
the  18th  century,  a  remarkable  irruption 
of  this  kind  took  place  near  Annan  in 
Dumfries-shire  ;  and  such  irruptions  are 
frequent  in  Ireland.  The  circumstances 
favorable  to  the  growth  of  peat  are  a  soil 
abounding  in  springs,  a  flat  surface  or 
hollow  surrouncied  by  hills,  and  a  moist 
climate.  Hence  pcat-bo<rs  arc  more  abun- 
dant in  Ireland,  and  in  the  wentern  c<mn- 
ties  of  Scotland,  than  in  any  other  part  of 
the  British  em]jire. 

When  an  accmnulation  of  peat  has 
taken  place  in  a  level  situation,  or  on  an 
ac<;livity  not  aboundinij  in  8}>rings,  the 
matter  accumulated  is  corn])anitivcly  dry, 
and  is  then  called  peat  moss.  One  of 
the  most  remarkable  peat  mosses  in  Brit- 
ain is  the  Flanders  Moss,  in  Stirliiiirshire. 
It  rests  on  a  flat  surface  of  cxcc'llent  allu- 
vial soil,  of  which  it  covers  about  4o<»0 
acres.  Great  part  of  this  peat  moss,  bciiii'' 
quite  light,  has  been  cut  into  small 
pieces,  and  floated  otf,  by  means  of  a 
stream  of  water,  to  the  sea;  thus  expos- 
ing the  natural  soil,  and  rendering  it  tit 
for  culture.  This  operation  was  com- 
menced at  Blair-Druniinond,  towards  the 
end  of  the  last  oenturv,  bvtho  celebrated 
Lord  Kaimes,  and  is  still  continued  by  his 
son,  Mr.  Drumniond. 

PEATS,  Tfn/.  Peat  bog  cut  out  in 
small  square  or  rectansjular  pi»ees,  and 
dried  for  beincr  used  as  fuel.  Tlie>e 
pieces  are  cut  out  with  litrht  spades  in  the 
summer  season,  spread  abroiul  to  dry, 
ai»d  afterwards  carted  home  and  j)tit  uii  m 
stacks  or  heaps,  wiii<h  are  thutdied  to 
cxelnde  the  rain.  These  peats  are  atV-r- 
wards  used  as  fuel,  not  only  for  d'jnu-slic 
purposes,  but  for  burniiiL'  lime,  and  for 
heating  kilns  for  dryint:  corn,  6cq.  To 
facilitate  the  drying  of  peat  the  water  is 
sometimes  prcsst^d  f»iit  of  tlic  S'|Uare 
piecvs  aller  tluy  are  e\it,  and  thrown  out 
of  the  boij,  by  a  coinpre-'^iiit.'"  niaeliine, 
which  aUo  renders  the  material  ni<>i'e 
compact  and  (lural)le  in  the  lire.  iVats 
are  also  sometimes  charred  by  a  smotli- 


ered  combustion,  so  as  to  be  rendered 
better  adapted  to  serve  as  a  substitute  for 
pit-coal,  coke,  or  charcoal,  in  smelting 
iron  or  other  metals,  in  generating  steam, 
<fec.  Attempts  have  been  made  to  sep- 
arate astringent  matter  from  peat,  and  to 
use  it  in  tanning  leather. 

PEAT  SOIL.  Peat  in  a  state  of  de- 
composition, on  which  com  or  other  ag- 
ricultural crops  may  be  grown.  The  pro- 
cess of  turning  living  peat  into  peat  soU 
is  greatly  facilitated  by  draining,  and  by 
laying  earth  or  lime  on  its  surface,  and  af- 
terwards mixing  the  earthy  matter  with 
the  peaty  by  ploughing  or  digging.  In 
this  manner  every  kind  of  peaty  surface 
may  be  rendered  available  for  agricultural 
purposes;  and  accordingly,  in  Ireland, 
good  crops  of  com,  potatoes,  and  artificial 
grasses  are  produceu  on  the  surface  of  peat 
lands,  which  consist  of  a  layer  of  peat  from 
five  to  twenty  feet  in  depth.  The  plants 
which  thrive  best  on  the  surface  ot  beds 
of  peat  of  this  description  are  those  which 
extend  their  roots  immediately  under  the 
surface.  Hence  few  trees  will  thrive  in 
such  soils,  with  the  exception  of  the 
spruce  fir,  the  silver  fir,  the  birch,  and 
two  or  three  kinds  of  willows.  Peaty 
soil  is  extensively  used  in  gardening,  in 
the  culture  of  plants  which  are  found 
growing  on  this  soil  in  a  wild  state. 

Peat  is  not  extensively  found  in  the 
United  States.  The  litrht  soil  and  the  ex- 
tensive clearings  in  New-England  have 
prevented  accumulations  of  vegetable 
matter.  Peat  is  common  in  Maine  and 
the  Canadum  border,  and  many  of  the 
swamp  mucks  of  New-York,  New-Jersey, 
and  Pennsylvania,  contain  as  much  jteaty 
matter  as  i\w  bogs  of  Ireland,  and  migh^ 
be  cut  and  dried  for  fuel.  ^ 

Charred   peat    is   among  the   best   of 
deodorizers,  from  the  absorbent  property 
of  the  finely-divided  charcoal,  hence  its 
value  when  added  to  niL'ht-soil  to  nuiko 
conl}•o^t   manure.      Some    time    since    a 
coiiijiany  was  started  in  Ireland  to  manu- 
facture o\it  of  p<-at  an<l  turf,  nai'htlia,  par- 
atine,  yt>latile  oil,  and  salts  ot  ammonia, 
with  considerable  profit.     Small  quaiiti- 
I  ties  of  the>o  substances  are  o]>tained  Ity 
'   the  close  distillation  of  pi'at,  but   ni't   the 
profitable    return  calculated  on  by  over- 
[  drawn  estinuUes.     The  cluireoal  of  pi-at  ia 
1  that  l>e>t  adapted  for  the  nuiuutacture  of 
gunpowiler. 

J'i'if  f/a/n  fnxit/,  or  7r*^-<h///jhiff,  is  a  com- 
position   of  the    l>raiulu>,    trunk>,    and 
r<'<'ts  <«f  trees,  with  tiicir  ira\<s.  aii<l  iho 
shrubs  and  jilants  \vlii<'h  l.nw  ;.'r<'\\n  up 
,  among  tliem,  ^\hich  liave  lain  so  lon^^^  in 
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water  as  to  have  decaved  into  a  mara  soft 
enou<fh  to  be  cut  with  a  epadc.  The  co- 
lor is  a  blackish  brown,  like  that  of  mossy 
peat  \  and  it  may  bo  used  as  manure,  for 
fuel,  and  for  the  jfrowth  of  plants.  It  is 
abundant  in  North  America,  where  it 
forms  the  soil  in  which  many  of  the  plants 
and  trees  of  that  country  thrive  with  the 
greatest  vifjor.  W  herever  it  can  be  found 
It  is  the  most  suitable  of  all  kinds  of  peat 
for  ifarden  purposes.  This  kind  of  peat 
is  frequently  burned  for  its  ashes ;  and 
those,  from  the  alkali  they  contain,  are 
found  an  excellent  manure. 

I^eat^  sandy^  or  sandy  peat^  is  mossy 
peat  in  a  state  of  decay  or  mould,  natur- 
ally mixed  with  sand  brought  over  it, 
from  soil  lying  above  its  level,  or  by  the 
overflowings  of  rivers.  It  is  used  in  gar- 
dening for  the  same  purposes  as  heath 
soil. 

PECTIC  ACID  is  the  acid  of  jellies. 
Take  any  quantity  of  carrots ;  wash  and 
cleanse  them  well,  tlien,  by  means  of  a 
ra.Hp,  reduce  theni  to  a  pulp ;  exj>re8S  this 
strongly,  and  Wii^h  the  nuirc  with  distil- 
led or  filtered  rain-water  until  it  cease, 
by  expression,  to  be  colored.  Mix  tifty 
parts  of  the  wjushed  marc,  expres.sed,  witli 
3uO  parts  of  distilled  water,  and  1  part  of 
a  solution  of  ciiustic  potash  ;  then  heat 
the  mixture  till  it  boil,  and  let  it  boil  for 
a  quarter  of  an  hour,  or  until  a  portion  of 
the  lluid  coagulate  completely  into  a  jelly 
witli  an  acid.  l*a.ss,  now,  the  boiling 
liquor  through  a  cloth,  and  wash  the  mass 
with  distilled  or  filtered  rain-water,  mix- 
ing these  washings,  passed  through  the 
cloth,  witli  tliat  which  wjvs  straiucd  while 
hot.  The  mixed  fluid  should  become 
thick  and  gehitinous  on  cooling.  Tliis 
contains  a  p<jctate  of  potash,  which  may 
i)C  de»'omi)osed  by  a  small  ouantity  of 
muriate  ot  lime,  largely  dihitca  with  dis- 
tilled water,  by  which  means  an  insoluble 
gelatiiiizecl  pectatc  of  lime  is  formed, 
which  should  be  well  wiLslied  on  a  cloth. 
The  washed  pcctate  is  next  to  he  boiled, 
for  a  few  minuter,  with  di>tillcd  water, 
acidulaied  with  muriatic  acid,  to  dissolve 
the  lime  and  the  starch  ;  and,  by  throw- 
imr  the  wliole  on  a  cloth,  aii<l  washing  it 
with  distilled  water,  the  ]>ecLic  acid  is  jtro- 
cured. 

PEDOMETER.  An  instniment  in  the 
Fhape  of  a  small  watch  whi^h  enables  a 
H't>on  to  tell  over  what  spaec  of  ground 
i»^  has  walked  or  ridden.  It  is  f<o  con- 
st ruetetl  that  when  the  hody  of  the  tra- 
veller is  raised  either  Itv  the  ^[JrinLr  <>t"his 
foot  or  the  motion  <»riii'^  linr>e.  a  le\er  is 
made  to  act  upon  the  wheel  work  of  the 
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instmment,  and  an  index  or  band  on  the 
dial  plate  points  to  the  figures  which  in- 
dicate the  number  of  mileis  passed  over. 

PELTRY  is  nearly  synonymous  with 
fur,  and  comprehends  the  skins  of  dififer- 
ent  kinds  of  wild  animals  that  are  found 
in  high  northern  latitudes,  both  of  this 
and  the  European  continent ;  such  as  the 
beaver,  bear,  mo<M»edeer,  marten,  mink, 
sable,  wolverine,  wolf,  &c.  When  these 
skins  have  received  no  preparation  Ir.i 
ft-om  the  hunters,  they  are  most  properly 
called  peltry ;  but  wlien  they  have  had 
the  inner  side  tawed  or  tanned  by  an 
sdumioous  process,  they  may  then  be  do- 
nominated/ttrir. 

The  scouring  or  cleaning  of  peltry  Is 
performed  in  a  large  cask,  or  truncated 
cone  laid  on  its  side,  and  traversed  by  a 
revolving  shaft,  which  is  furnished  with 
a  few  rectangular  rounded  pegs.  The«« 
are  intended  to  stir  round  the  skins, 
while  they  are  dusted  over  with  Paris 
plaster,  whitening,  or  someUmcs  sand, 
made  as  hot  a^  tho  hand  can  bear.  The 
bottom  of  the  cask  should  be  grated,  to  al- 
low the  impurities  to  fall  out.  The  luH- 
ragey  which  the  cleansed  skins  next  un- 
dergo, is  merely  a  snecies  of  dyeing, 
either  topical,  to  modify  certain  disagre- 
able  shauea,  or  general,'  to  impart  a  more 
beautiful  color  to  the  fur. 

PENCILS,  Black  Lead,  MAUUFACiTmB 
OF.  The  best  pencils  of  this  kind  are 
made  from  a  natural  ore,  plumbago^  but 
there  are  other  kinds  made  of  plumbago- 
dust  and  antimony.  Tho  lumps  of  pure 
plumbago,  when  scraped  ftrom  dirt,  are 
generally  of  an  irregular  form,  not  of  a 
large  size.  These  lumps  are  cut  into  thin 
slices  by  a  circular  saw,  each  slice  being 
sawn  by  a  gauge  to  its  proper  thickness. 
The  saw  runs  vertictUly  and  the  plura- 
baL'o  is  fed  below  it,  the  workmen  gradu- 
ally raising  it,  until  the  slice  is  cut  off, 
where  it  falls  down  slice  upon  slice  of 
diifcrent  sizes,  upon  a  table  below.  One 
edge  is  then  macie  straight  with  a  shav- 
iuir  tool,  and  it  is  then  flt  to  be  inserted 
into  the  wood.  The  wood  is  cedar,  in 
half  squares  cut  l)y  a  circular  saw  into  the 
lengths  of  the  pencil.  A  groove  is  cut  by 
a  proper  gauge  ]tlane  into  one  side  of  the 
wood  s.jimrc,  and  the  workman  takes  a 
jiieee  of  the  cut  plumbago,  with  its  edge 
made  straiirht,  and  dips  it  into  strong 
glue  and  tlien  inserts  it  into  the  groove, 
and  then  with  a  very  sharp  instrument 
makes  a  slight  cut  at  each  end  and  trivee 
the  pIumhaiTO  a  sliL'ht  snap,  when  it 
breaks  oil'  with  a  clean  htniiirht  e«lgo. 
This  is  agmn  dij)ped  in  tho  glue  and  o^ie- 
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mted  like  the  other  piece,  nntil  t)ie  whole 
Blice  is  used  up  or  the  pencil  j^roovo  filled, 
when  the  whole  Biirface  is  Hmoothcd 
fdong  nnd  the  two  pieces  are  firmly  glued 
together,  forming  a  rough  square  peneil. 

To  make  it  round,  it  is  first  forced 
through  a  square  hole  in  a  steel  puppet, 
by  the  workman  ;  and  on  the  other  side 
of  this  puppet,  there  is  a  small  planing 
tool  revolving  on  a  centre,  with  two 
gauges  on  it,  to  turn  it  round  and  to  the 
exact  size.  As  soon  as  the  end  of  the 
pencil  projects  from  the  finishing  gauge 
of  the  cutters,  it  is  forced  into  a  circular 
hole  in  a  steel  plate,  through  which  it  is 
drawn  with  a  pair  of  wooden  nippers, 
and  it  comes  out  beautifully  round  pol- 
ished. It  is  polished  by  the  outer  end  of 
the  circular  nole  being  smaller  than  the 
the  inner,  which  thus  compresses  and 
polishes  the  wood. 

Krer-FolntM  Lead.  The  round  pieces 
of  lead  for  pencil  cases  arc  first  sawed  in- 
to small  square  pieces,  and  they  arc  then 
made  round  by  forcing  them  lengthways 
through  three  circular  holes  of  difi'erent 
sizes  cut  in  j>ieccs  of  rubv.  In  pasning 
through  the  first  hole,  onfy  the  tour  an- 
gles of  the  prism  are  cut  otf,  and  it  is 
then  octagonal :  the  next  hole  is  smaller, 
and  it  takes  oflr  these  eight  angles  and  it 
then  becomes  a  prism  of  sixteen  sicles; 
and  in  the  next  passaire  tliroujrli  the  small 
hole,  it  is  nuulc  perfectly   nmnd.     The 

J)lumbago  is  fed  into  the  ruby  by  being 
aid  on  a  grof>vc  in  a  ]>iecc  of  metal,  with 
a  steel  pin  to  keep  the  ]»lumbago  from  be- 
ing pressed  back. 

The  pureCuniberland  black-lead  (plum- 
bago) is  of  too  sott  and  yielding  a  nature 
to  enable  an  artist  to  make  a  tint*  flear 
line;  to  produce,  therefore,  a  ]Hnoil  that 
will  etfeet  this,  a  hard  re>iiious  matter  is 
intimately  combined  A\ith  the  lead  in  tjie 
following  way: — Fine  <'iind>erlan«l  lead 
(in  powder)  and  shellac  are  tir^t  melted 
together  bv  a  gentle  heat  ;  this  eompound 
is  then  reduced  to  powder  again,  then  re- 
meltc<l,  then  powdcn-d  ai'ain,  and  re- 
melted  until  botli  Hul)r*tan(es  are  pertVetly 
incorporated,  and  it  has  ae'jiiirrd  a  pir- 
feetly  unilbrm  consistenec.  The  mass  is 
then  sawed  into  slips,  and  glued  into  the 
cedar  mountiuL^s.  in  the  usual  maimer  of 
makintf  other  blark  lead  ptiieils.  To 
render  then»  of  various  dcLTrcs  of  hard- 
ness, the  iiuiterials  an-  dilbrently  pro- 
portioned: the  hardi'sl  ha\  in-j"  the  nio^t 
shellae,  the  sot\ir  but  very  little,  :uid  ti.e 
Rot'test  notie  ;  an<l  tlu-ir  bhukrie-^^  is  in- 
creased in  projiortion  to  tlnir  .-ot'tiii -^s. 

I'ENDAN'l.      In  (luthie   areiutreture, 


an  ornamented  polycronal  piece  of  stone 
or  timber  hanging  down  trom  the  vault 
or  roof  of  a  building.  Of  stone  pendants 
some  exquisite  examples  may  be  seen  in 
Henry  Mil. 'a  Chapel  at  Westminster. 
In  ancient  writers  the  springers  of  arches, 
which  rest  on  shafts  or  corbels,  are  called 
p^ndanU. 

Pendants  of  a  Ship  are  those  streamers 
or  long  colors  whieii  are  split  or  divided 
into  two  parts  ending  in  points,  and  hang 
at  the  mast-head  or  at  the  yard-ann  ends. 

Pendant.  In  painting,  a  picture  or 
print  which,  from  uniformity  of  size  and 
subject,  seems  to  hang  up  as  a  companion 
to  another.  The  term  may  also  be  applied 
to  bassi  relievi  of  similar  sizes. 

Pendant  is  also  the  general  term  for  all 
kinds  of  ornaments  worn  in  the  ears  by 
both  sexes  in  savage,  and  by  females, 
chiefly,  in  civilized,  countries;  usually 
termed  ear-rintra,  wliich  sec. 

PENS.  AV'ell  known  instruments  for 
writing,  usually  formed  of  the  quills  of 
the  goose,  swan,  or  some  other  bird. 
Metjjlic  pens  have  been  occasionally 
employed  for  a  Icuirthened  period;  but 
it  is  only  within  these  few  years  that  they 
have  been  extensively  introduced.  They 
first  began  to  be  largely  numufacturcd  by 
Mr.  Perry,  of  London.  Mr.  P.  having 
succeeded  in  iriving  to  his  pens  a  greater 
degree  of  sot\ness  and  elasticity  than  was 
iKissesHcd  by  any  metallic  pens  j)revious- 
ly  in  use,  they  sj>eedily  ontained  n  very 
extensive  sale.  This  success  brought 
crowds  of  rivals  into  the  fiehl ;  so  that 
metallic  jK-ns  are  now  numufacturcd  in 
Viist  <|uantiti«-s. 

yV/^^•,  >yf#/.  The  best  metal,  made 
from  I)annemora  or  hoop  (l)  iron,  is  se- 
lectiMl.  and  landiuited  into  slips  about  3 
feet  loUL',  and  4  inehes  broad,  of  a  thiek- 
ness  eoriesponding  to  the  desired  still- 
ness and  Jbxibility  of  the  pens.  These 
slips  are  subjv  eteil  to  the  action  of  a  stamp- 
ing-press, soinewluit  similar  to  that  tor 
makinu  buttons.  (S*f^  limoN,  and  Plat- 
ed \Vai:k.)  The  point  d(stine<l  tor  the 
nil)  is  next  intnulueed  into  an  appropriate 
gaiiffed  liolr  oI"a  little  nuichine,  and  press- 
ed into  the  semi-<'vlindrifal  shape;  where 
it  is  also  pierced  with  the  niiddli-  slit, 
and  the  lateral  ones,  pr(jvidi'd  the  latter 
are  t<»  be  iriNen.  Tlu'  pens  art-  now  i-Uan- 
ed,  by  beiiiiT  t<'s»-ed  about  anu>nL'  earh 
otiier,  in  a  tin  eNliiulrr.  nbout  :'.  iVi-t  l<<ii._r, 
and  '.'  iiu-hes  in  diamctrr;  wliich  i-  sus- 
pmdi'd  :it  oai'h  end  ujion  jointiK,  to  two 
cranks.  tbruHul  oni-  <»n  i-arh  of  two  shnt^s. 
Tin-  e\  Under,  b\  the  rc.tntion  <»f  a  ^\- 
wheil,   acliiiL'  up"'n  the   iiank  shidts,  it? 
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made  to  describe  such  revolutions  aa  agi- 
tate the  pens  in  uU  directions,  and  polish 
them  by  mutual  attrition.  In  the  course 
of  4  hours  ijcveral  thousand  ])end  may  be 
finished  upon  this  muohinc. 

IIardne.'>s  in  the  nib  being  the  des^irable 
quality,  and  the  loss  of  time  mending 
quill  pens  beinuf  seriouslv  felt,  substitutes 
have  bijen  generally  adopcd.  tSuch  as 
eilver  and  irold  pens,  tortoise-shell  bar- 
rels and  ruby  or  diamond  nibs  have  been 
nuule.  Pens  of  ruby,  set  in  fine  gold, 
have  been  said  to  last  6  vcars.  Some 
gold  pens  Imve  thonibs  nuKie  of  rhodium. 
Some  gold  pens,  on  cxaminiition  at  the 
Laboratory,  Cambridu'c,  Mass.,  have 
turne<l  out  to  be  siicct-iron,  galvanized 
and  j)lated.  The  iron  is  lirst  cut  out  with 
the  press,  thin  coated  with  zinc,  and  fi- 
nally with  gold. 

lufun^'iin  ptJiJi  are  made  to  hold  a  reser- 
voir of  ink.  Music  pens  make  dots  j^ 
well  aa  strokes.  The  geometric  pen  is 
an  ingenious  instrument  for  drawing 
curves. 

Avi4 rU'fi?}  fjiihl  j"fi-i.  r>r.  Spurt'cn,  to 
whotn  the  ])ublic  is  already  indi-idcd  for 
several  inLTt-nious  inventions,  has  now 
j)atcnted  a  new  p«'n.  whit-h  piomi>es  to 
nave  imi>ortant  ad\antaLres  without  Vieing 
in  any  <lcL''ree  costly.  Tliesc  are  tjic  re- 
tention of  a  larije  (juanlity  of  ink,  sulVi- 
cient,  for  exaiuple,  lit  write  a  letter  with- 
out aLTain  dippini:  tlie  pen,  and  the  j're- 
vention  of  corrosion.  Capilary  attrarlion 
an<l  L''a!vani^ni  are  t  lie  priiu-iple>  in\()|\  ed, 
and  llic  means  em]>lo\ed  are  vi-rv  >iinple. 
AVithin  a  eoinmou  ii'on  pin  a  small  \>\-a\.('. 
of /ine,  bent  to  tollow  the  line  oftiie  }«'ii, 
is  seiMin-d  by  ]M)ints  ol'  scolder  at  a  >lioit 
distnnee  from  the  fornu;r,  liv  means  of 
whirh  the  iidv  is  -fcniclv  retained,  and  a 
galvanie  eiirrciit  i^  I<<-]>t  iij>.  The  ]iro- 
grcss  of  the  m:nufa«'turi-  n\'  //,<',/  pcn^  in 
Ami  riea  will  >erve  to  -^hovv  the  extciit  ot" 
hu^ines^  which  may  be  doni-  in  an  article 
of  this  kind,  when  succe-st'itl. 

The  C^i'T^i ■'■/"/*  i'liiniir  \{' .  S.)  sa\'S, 
the  tivst  gold  pen  was  ma  le  in  Xrw-Voik 
in  l^;;-^,  and  now  Ihc  principal  maniil;u"- 
turer  oftlicjii  «-m|iIoys  a  i-a|.it.il  ot"  ^o.coo 
dollars  in  tin-  nn'iert;ikii.L'.  In  tin-  man- 
ufacture ot"pcii>  the  L-'-'id  i-  lir<t  ro!!(il  out 
in  rilil'"n>.  ami  tl  k-w  cut  ',\  it  h  a  dli  to  { lie 
])ropci-  r>hape.  the  jiolnts  piii  on  .hhI  tlu  n 
ground  down  to  the  n  .uind  n'.l>.  T',c 
j'oints  arc  ot"  iridium,  a  new  in*  'al  fitimd 
with  jilatiiium.  T'c  pi>;i,'s  ;irt'  ail  im- 
]i<">rtc<i,  L'cnt  i";illy  w  itl  "!iT  the  ct  i*  mony 
of  an  iii1r>>fl!ietioii  in  \\  c  ('n-toni  ll<.ii~c. 
and  co-«r  tVom  7  to  Tj.'.  d.ilhirs  per  ic.iinc. 


The  pens  and  caBCs  sell  from  10  to  80 
dollars  per  dozen.  It  is  not  easy  to  make 
an  estimate  of  the  number  of  pens  manu- 
factured per  annum,  but  it  is  probably 
not  less  than  1, 000,000,  of  which  one 
manufacturer,  Bagley,  makes  nearly  half. 
A  i^enson  who  had' not  thought  of  the 
subject  would  scarce! v  Buj>pose  that  H^K) 
lbs.  of  gold  were  usecl  up  every  year  in 
America,  in  the  manufacture  of  .such  a 
trilling  article  as  penb — ^a  business  un- 
known ten  years  ago — yet  such  is  the  fact. 
A  statement  of  the  tons  of  iron  worked 
into  pens  in  England  every  year  would 
be  even  more  startling,  and  would  show 
that  Dr.  Spurgen's  improvement,  simj»le 
as  it  appears,  may,  if  it  fulfils  its  promises, 
be  more  productive  than  some  larger  mat- 
ters. 

PENDULUM.  If  any  heavy  lx)dy,  suft- 
]>cnded  by  an  inflexil)lo  rod  from  a  fixed 
point,  be  drawn  a>^ide  from  the  vertie:J 
position,  and  then  let  fall,  it  will  dese^^nd 
in  the  arc  of  a  circle  of  which  the  point 
of  suspension  is  the  centre.  On  reach- 
ing the  vertical  position  it  will  havo  ac- 
(juircd  a  velocity  equal  to  that  which  it 
wouhl  have  acquirc<I  by  t'allin?  vertically 
throuirh  the  versed  sine  of  the  arc  it  has 
described,  in  oonsecjuence  of  which  it 
will  eonlinno  to  move  in  the  same  arc 
until  the  whole  velocity  is  destroyctl ; 
and,  if  no  other  force  thiin  gravity  acted, 
this  wouhl  take  place  when  the  IxmIv 
reached  a  height  on  the  opposite  side  of 
the  vertical  eoual  to  the  heiirht  from 
whlidi  it  l"ell.  iJaving  reached  this  he'L'ht 
it  would  aL'ain  descend,  and  so  continue 
I  to  vibrate  for  ever ;  but  in  consequence  of 
the  t"i"iction  of  the  axis,  and  the  re-^ist- 
an'*e  of  the  air.  ea<-h  successive  exeursior. 
A\  ill  be  dimini^h(-d  an<l  the  boily  soon  be 
brouLrlit  to  rest  ii;  the  vertical  position. 
A  body  thus  suspended,  and  eau--ed  to 
vibr-ate,  i.->  called  a  pt  ihhilum  ;  and  the 
pa.--;'Lre  iVoin  the  greatest  di-^lance  fn-m 
the  \ertical  «)n  tl;*.'  i»ne  side  to  the  great- 
est tlistance  on  the  other  is  called  an  os- 
eilhitioti. 

In  order  to  investigate-  tl:e  cireumstan- 
eo  ot'  the  motion,  the  b.idy  must  be  re- 
t:aidi-d  as  a  LTravitatinLT  point,  and  the  in- 

tle\it.lc  rod  as  devoid  of  WeiLfht.  Tills  is 
dcnomiiiatt  d  tiu"  s'.mi'-'  fi<  ml-ihnn,  ai.d 
the  }irob]i  111  to  be  re.sol\i-d  is  to  deter- 
mine the  motion  of  a  p(»iiU  eon>traii.ed 
to  move  in  a  cinular  arc  in  virtue  of  the 
accelcr.ilinj-  I'mvi-c  of'  terrestrial  L''ra\ity. 

AcrordiiiLT  to  the  theory  c>l'  liilling 
b. .  Kes  ,  >, .  ( ;;;  wirv. )  the  time  t  in  whivdi 
a  liodj,   l;il!,s  ;hr«'UL:li   tlie  space  a,   by  the 
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tha  aocelorating  Torw  ofgnvitj,  a  given 
by  th«  eqDBlion  t  =  ^-.  Lot2»=(;tbea 

(  =  v'-.    But  the  time  T,  of  tlic  McilU- 
tion  Ot  a  Mudulntn  irhoao  length  is  J,  is 


e  T;(: 


..f  tl 


lion..fB 


in  Boconda,  find  makoT^l*  i 


mt  LoDilon  Uj  be  a»-13W21i  ij 
know  Ihiit  »s  =  ic«iW6;  t 
a-btM  X  89-189  =  a-il-L"^.'i  ■ 
SS-ifeet.  It  follows,  11..1. 
Bpace  tliTon^h  wliii.'t>  < 
■I  London  in  aseiiiT:!  1 
Ompound    P-n'l-'- 

IboorelkTil  ji'— h  I.  !■  ■ 


'  auspen 


of 


inlJoting  bvily  divided  by  i 
rotation.  Thia  value  of  x  in  the  lecj^ti 
of  tlio  ieodironana  simpio  jieaduliiin,  nnd 
is  whntia  alwaya  lo  he  understood  by  tlis 
term  fcn^/*  (/  a  prndalam. 

The  centre  of  oscillation  pa»e»CB  ■ 
very  reninrkable  (ireiierty,  uliifli  wd* 
discovered  by  Hnvi-ena  ;  nnmsly,  tlint  if 
tlie  body  be  Bu^iiuiidvd  tVom  tins  point, 
or  n  lioriioiittti  iuis  pBSKine  through  It 
parallel  to  tlio  tbniter  aTiaof  anRpenfioD, 
Its  OKcilliitionn  will  be  pcrfornietl  in  Die 
aaine  time  h9  before  ;  in  otiier  wonlK,  lh« 
vxis  of  BuapenBliHi  and  oscillntiuii  are 
IntorclianKciible.  Tliiii  propiTty  fnmiiili- 
01  nn  cnny  jiradical  nu'tlind  of  deter- 
mining tlio  wiitre  of  oacillaticin,  and 
Ibeneo  tlie  length  of  a  eompound  [icn- 

"^  Apjdi«iliB,„  Bf  tie  J>n,dvlnm.~T[,« 
mo^t  ini|>ortnnt  npiilieiitiun  tliiil  liii"  l«uD 
i.iikIo  of  llip  pcudMlnm  in  to  llie  nien*tira- 
nient  of  lime.  It  is  Niid  tliat  Uiiliico, 
while  a  yniinit  man,  liuvin<r  had  liiB  et- 
iLiition  drawn  tu  the  vedlluliouof  aUnip 
HiiHiHindGd  IVom  tlio  ruof  of  a  elinrcli  in 
I'lHu,  jn-rxxived  that,  althontth  their  ex- 
tent WHK  fji'oilunlly  diminiBlii^,  they  (vii- 


tlie  tinnie' Hlraijtht  line.  AviMniiiu-  to 
thin  dvltnitiun,  uuy  lieiivy  hislf  i».'i1lu. 
tinK  abont  an  n\ifl  of  KUApensiun  ia  11 
ooiiii*und  pendiiiniii. 

teJt1ie<«ellUliuiis".-i..i  1     |  ■    .   I   11 

exaetlytliewnielticH-.  I  1.  -  ■  ■  i.-  -  1'  ■ 
centwofweilli"  "         ' 


,.|u., 


It  i»  ^1 


equal  pnrtioni',  it  could  eliviunhly  be  of 
no  irrciit  nxu  nntil  a  methnd  wati  devlHcd 
of  iiitilinuiiiir  Ihu  nfiitinn,  and  rpftlster- 


foTOiula:  Let  d  m  li: 
mwH  of  lliu  ec.immui 
diMaiiw  Ihim  tlie  ^ixi 


-/"■'■■*/' 
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this  remarkable  property  was  found  to  be 

the  cycloid. 

In  clocks  of  the  best  constmction  the 
arc  of  vibration  Ls  very  small  ;  and  the 
pcudulum  is  made  very  heavy,  in  order 
that,  by  possessing  a  ^eat  momentum, 
it  may  bo  less  afFocted  by  the  imperfec- 
tions of  the  machinery. 

Onivpcn^natUm  Pendulum. — Tlie  value  of 
the  pendulum  as  a  regulator  of  time- 
pieces depends  on  the  isochronism  of  its 
oseillfttions  ;  which,  in  its  turn,  depends 
on  tiic  invariability  of  the  distance  be- 
tween the  points  of  suspension  and  oscil- 
lation. But,  as  every  Known  substance 
expunda  with  heat  and  contruots  with 
cold,  the  length  of  the  penduhim  will 
vary  with  every  alteration  of  tempera- 
ture, and  the  rate  of  the  clock  conse- 
quently undergo  a  correspondint^  change. 
To  counteract  this  variation,  numerous 
contrivances  have  been  employed.  The 
principle  is,  howcvorj  the  same  in  all  ; 
and  consists  in  combming  two  substan- 
ces, whoso  rates  of  expansion  are  une- 
equal,  in  such  a  manner  that  tiic  cx- 
panriion  of  the  one  eountcract,s  that  of 
the  other,  and  keeps  the  centre  of  oscil- 
lation of  the  compound  body  always  at 
tJie  same  distance  from  the  axis  of  sus- 
pension. A  brief  description  of  the  two 
c<)nipenrtation  pendulums  in  most  com- 
mon use — the  Afercf/ruil  Penduhtm  and 
the  Gridiron  P^rulalutn — will  sutficiontly 
explain  the  means  by  which  compensa- 
tion is  obtained. 

Jfrruri/il  PcnJul'nn. — This  was  tlie 
invention  of  Mr.  Geori.'e  (iraharn,  a  cele- 
brated watclimaker,  wiio  bul>jt'cted  it  to 
the  lest  of  experiiiieiit  in  the  year  ITiil. 
The  rod  of  the  pendulum  is  made  of 
steel,  and  may  l»e  either  a  llat  l)ar  or  a 
cylinder.  The  hob  or  weiLdit  is  formed 
V)y  a  cylindrioal  irlass  vessel,  al)out  8 
iiiejies  in  lenLTth  aiul  '1  incln^N  in  diameter, 
whieh  is  filled  with  merctiry  to  the  de]»th 
r)f  al'ont  tU  inelies.  The  cylindiT  is  riip- 
ported  and  end»raeed  hy  a  stirrup,  tunned 
aNo  of  Nteel,  thronL'h  the  the  loj)  of  whieh 
the  lower  exln-inity  of  tlie  rod  p:L«-ses, 
and    lr»   which  it  is  firnilv  ftxe<l  hv  a  nut 

•  ft 

and  screw  on  the  end  of  the  rod.  Now 
the  I'Heet  f»f  an  increase  of  temperature 
on  thi>  Mpptiratus  is  evidently  as  foUdws  : 
In  the  lii>t  place,  the  rod  ex]>nnds,  and 
the  di-^tance  iH-tween  the  axis  ot'  .-nsjx'n- 
siiMi  and  the  bottom  of  the  ^tirru[i  is  in- 
i're;i~ed.  in  the  second  place.  b\  the  ex- 
pansion nt'  the  mercufN  in  thce\linder, 
It-  colunui  is  lenifthcucd,  and  the  di^- 
tanr-c  o|"  its  centre  "t"  u-r;i\  ity  iVcm  the 
buitoni  of  the  stirrup  eonse<|uenily   in- 


creased. But,  as  the  expansion  of  mer- 
cury is  about  sixteen  times  g^reater  than 
that  of  steel,  the  height  of  the  mercurial 
column  may  be  so  adjusted  by  trial  that 
the  expansion  of  the  rod  and  stirrup 
shall  be  exactly  compensated  by  that  of 
the  mercury,  and  the  centre  of  oscilla- 
tion of  the  whole  sutfer  no  change.  This 
pendulum  is,  perhaps,  the  most  perfect 
of  all  compensators  ;  but,  as  its  adjust- 
ments are  attended  with  considerable  dif- 
ficulty, it  is  scldem  used  excepting  in  as- 
tronomical observatories. 

Gridiron  Pendulum. — This 
was  contrived  by  Mr.  Harrison, 
the  inventor  of  the  chronome- 
ter. It  consists  of  a  frame  of 
nine  parallel  bare  of  steel  and 
bnuss,  arranged  and  connected 
as  in  the  annexed  figure.  The 
burs  marked  *<ire  of  steel ;  the 
four  marked  b  are  of  bra-ss ; 
the  centre  rod,  of  steel,  is  fixed 
at  top  to  the  cross  bar  connect- 
ing the  two  middle  brass  rods, 
but  slides  freely  through  the 
two  lower  bars,  and  bears  the 
bob  B.  The  remaining  rods  ifJ*>»' 
are  fastened  to  the  cross  pieces  at 
Vjoth  ends,  and  the  uppermost  crobs 
piece  is  attached  to  the  axis  of  suspen- 
sion. It  is  as  easy  to  see,  from  the 
mere  inspection  of  the  figure,  that  the 
expansion  of  tlie  steel  rods  tends  to 
lengthen  the  j>endulum,  while  tliat  of 
the  Itrass  rods  tends  to  shorten  it  ;  conse- 
qtiontly,  if  the  two  expansions  exactly 
oounteract  each  other,  the  length  of 
the  pendulum  will  remain  unchnnired. 
The  relative  lengths  of  the  brass  and 
steel  bars  are  determined  by  the  ex- 
j>ansions  of  the  two  metals,  which  arc 
lound  by  ex[»erimcnt  to  be,  in  general, 
n.arly  as  loo  to  HI.  If,  then,  the  lengths 
of  all  the  five  steel  bars  a<lded  totrether  be 
loo  inches,  the  sum  of  the  lengths  c>f  the 
four  bra>s  bars  ouL'ht  to  l)o  r>l  inches. 
W'lu  II  the  I'otiijicnsation  is  fotind  on  trial 
not  to  be  perfeet,  an  adjusttncnt  is  nuide 
by  shiftinLT  one  <^r  more  of  the  cross  pie- 
ces higher  on  the  bars. 

Harrison's  pendulum  has  been  greatly 
improved  by  TroUi^hton,  who  substituted 
for  the  two  jKiraliel  brass  rods  two  cylin- 
ders of  bra>>,  slidintr  the  one  within  the 
other,  to  whieh  the  steel  rods  are  at- 
tached. For  a  descrij»tion  of  this,  and 
varii>us  other  modes  of  conipi'iisation, 
we  refer  the  re:uler  to  an  excellent  cha|>- 
tcr  on  tlie  subject  by  the  late  Captain 
K:iter,  in  the  vohmic  of  Michanicif  in  the 
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AppUotUion  of  ike  Pendulum  to  the  De- 
terminaiion  of  the  relative  Force  of  Gravi- 
ty at  different  Places. — ^There  are  two 
methods  of  determining  the  relative  in- 
tensity of  gravity  by  means  of  the  peu- 
dalum.  According  to  the  first,  the  abso- 
late  length  of  the  simple  pendiilnm 
which  makes  a  certain  number  of  oscilla- 
tions in  a  given  time  is  accurately  ascer- 
tained at  each  of  the  j^laccs,  and  tne  com- 
parative force  of  gravity  is  then  given  by 

the  formula  if  =  j  g-    According  to  the 

other  method,  an  invariable  pendulum  is' 
swung  at  the  different  places,  and  the 
number  of  its  oscillations  noted  at  each, 
when  the  relative  gravity  is  given  by  the 

formula  f  =  -j^-  Each  of  these  meth- 
ods have  been  followed  in  the  delicate 
experiments  which  have  been  made  for 
the  puri)08e  of  determining  the  figure  of 
the  eartn  ;  but  though  the  results  of  both 
appear  to  be  nearly  equal  in  point  of  ac- 
curacv,  the  latter  metliod,  on  account  of 
its  affording  greater  facilities  in  practice, 
is  now  gener^ly  adopted. 

It  will  readily  be  conceived  that  a  pen- 
dulum would  be  altogether  unfit  for  the 
purpose  of  determining  the  minute  va- 
riations of  gravity  if  it  were  attached  to 
a  clock,  or  any  machinery  by  which  its 
motions  could  be  influenced.  It  must 
be  suspended  from  a  very  firm  support, 
to  which  it  can  communiaite  no  vibratory 
motion  ;  and  the  most  delicate  p;vcau- 
tions  are  necessary  to  avoid  the  effects  of 
friction,  and  other  disturbing  causes,  by 
which  the  experiment  inuy  be  influenced. 
The  method  followed  by  the  French  as- 
trononiere,  in  their  operations  connected 
with  tlio  measurement  of  the  meridian, 
was  tins  :  The  pendulum  was  composed 
of  a  sphere  of  imitinum,  suspended  by  a 
slender  iron  wire  from  u  knife  edge  of 
hardened  steel  renting  on  plane  surfaces 
of  polished  agate.  It  was  placed  in  front 
of  a  well-regulated  astronomical  clock, 
w^ith  which  its  oscillations  were  com- 
pared, and  the  distance  between  its  cen- 
tres of  suspension  and  oscillation  deter- 
mined by  calculation  from  the  length  of 
the  wire  and  the  diameter  of  the  si)here, 
ascertained  by  actual  measurement.  A 
ditleront,  and  in  many  respects  nreferable 
mode  of  measuring  the  lengtns  of  the 
seconds^  pendulum,  was  adopted  by  Caj)- 
tain  Katcr,  crrounded  on  tlie  propertv  of 
oscillating  bodies  discoven^a  by  ifuy- 
gens  ;  namely  that  the  centres  of  sus- 
pension and  oscillation  are  convertible. 


From  this  property  it  follows  that  if  two 
knife  edges,  turned  in  opposite  direc- 
tions, are  inserted  in  the  same  pendu- 
lum, and  the  mass  be  so  adjusted,  by 
means  of  a  movable  weight  sliding  on 
the  rod^  that  the  oscillations  are  per- 
formed in  exactly  equal  times  when  the 
pendulum  is  suspended  from  either  knife 
edge,  then  the  distance  between  the 
knife  edges  is  the  true  length  of  the  iso- 
chronous simple  pendulum.  In  this 
manner  the  measurement  is  effected 
more  directly,  and  no  calculation  is  re- 
(juired  for  miding  the  centre  of  oscilla- 
tion. A  third  method,  lately  put  in 
Sraetice  by  the  celebrated  astronomer 
kissel,  consists  in  suspending  a  ball  and 
wire  from  the  upper,  end  and  then  from 
the  lower  end  of  a  rod  of  a  given  length, 
the  ball  being  in  both  cases  at  the  same 
distance  below  the  rod.  From  the  dif- 
ference of  the  times  of  oscillation  of  the 
two  pendulums  thus  formed,  the  length 
of  the  simple  pendulum  can  be  compu- 
ted in  terms  of  the  rod,  which  is  the 
difference  of  their  lengths.  The  French 
method  is  described,  with  all  the  requi- 
site details,  in  the  third  volume  of  Jiaee 
Metrique.  in  Delamhre's  Astronomie^  tome 
iii. ;  ana  in  the  Recueil  d? Oltseroatione 
GffMiesiqi/eJiy  ttc,  by  Biot  and  Arogo, 
Paris,  1821. 

Captain  Kater's  pendulum  was  formed 
of  a  very  thin  bar  of  plate  brass,  with  a 
heavy  bob  and  m  ova  me  weight, 
by  means  of  which  the  isochron- 
isni  was  obtained  when  the  sus- 
pension was  made  from  the  oppo- 
site knife  edges.  But  a  much 
simpler  modification  has  been 
adopted  in  the  recent  experi- 
ments. The  experimental  pendu- 
lums of  the  Royal  Astronomical 
fc>ocietv  consist  merely  of  a  plain 
straigfit  bar  of  iron  or  copper,  2 
inches  wide,  half  an  inch  thick, 
and  about  62*  inches  long.  At  the 
distance  of  5  inclics  from  one  end 
of  the  bar  is  placed  the  apex  of  one 
of  the  knife  edges,  A  :  and  at  the 
distance  of  8'J-4  inclics  therefrom  the 
apex  of  the  other  knife  edge,  B ;  and 
tne  required  adjustment  to  synchronism 
is  produced  by  filling  away  one  of  the 
ends  of  the  pendulum  until  the  vibra- 
tions arc  found  by  trial  to  be  equal  in 
both  positions  of  the  pendulum.  It  is 
obvious  that,  for  the  ptir]>()se  of  merely 
ascertaining  the  variations  of  pravity,  a 
bar  of  this  form  with  a  sinixlc  knife  edge 
would  equally  answer  the  purpose  :  but 
I  the  advantage  of  tlie  double  suspension 


H 


446 


OrCLOPRDIA  OF  THB  USEFUL  ARTS. 


I 


is  this,  that  besides  having  two  distinct 
and  independent  pendulums,  each  of 
which  is  a  chccl<  upon  the  otiier,  it  fur- 
nirtlies  tiie  means  of  iu*ccrtuininff  whetlier 
the  pendulmn  hiia  sustained  any  acciden- 
tal injurv,  which  would  be  immediatelv 
discoverable  from  the  inequality  of  the 
number  of  vibrations  between,  the  two 
knife  edires. 

Cornet  ions. — In  order  that  the  results 
of  ditferent  sets  of  exncrimenta  may  bo 
exactly  comparable  witli  each  other,  seve- 
ral corrections  \\\\\>\.  be  Mp{)liod.  The  first 
of  t]ie-*e  is  on  account  of  the  Icnirtli  of  the 
arc  of  vibration,  wliicli,  bciiiir  of  a  finite 
and  varial>le  extent,  tlie  duration  of  the  os- 
cillations is  consequently  unequal,  but 
ahvay-*  greater  thair  in  the  case  of  an 
infinitely  small  arc.  The  number  of  os- 
cillations is  reduced  to  the  ease  of  an  in- 
finitely small  are  by  the  formula. 


NX 


Msin.  (A  4-^)  sin  (A  —  a) 
82  (log.  sin.  A — log.  siu.  a) 


whore  N  is  the  number  observed,  M  the 
loLrarithmic  modulus  =  •4:34-_Mlir>,  A  tlie 
initial,  and  a  the  final  arc  of  vibration  ; 
and  as  the  arcs  are  always  small,  the 
comjiutation  may  be  shortened  by  using 
tiie  arcs  instead  of  sines.  *  I 

In   the    second   ])1mi'C,  all    tlie  cxpori-  , 
mcnts   niiist  be   red  need   to  a  common 
standard   of  tcm]H-ralurc,  whirli,  in  this 
countrv,  is  assuTMi'd  at  li'i^  of  Falircnlicit. 
Let  f  denote  the  rate  of  e\{>an>>i'>n  of  the 
metal,    t   the   mean    helLHit   of  the    ther-  | 
mnmeter  at  the  time  ot*  the  ex]>eriment  ;  ' 
then  the  eorreeti-'u  of  the  nninlier  of  vi- 
brations f)n  aec'iunt  ol'  the  temperature 
is  N  X  i  r  (t—^Vl\) 

A  third  eorreeti(Mi  i**  required  on  ac- 
count ut'the  atuio^plu-rie  pre.-snre.  The 
etVeet  of  tlie  itre'-Mire  of  tlie  at tu'isphere 
on  tlie  i>endunim  is  to  dinuni-h  the  force 
ot'  LTavit>  in  the  rntio  of  the  sjie-'ilb^ 
gravity  of  the  pi-ndiilinn  to  ilmt  <.f  the 
air  ;  and  on  this  j>rlni-iji!e  llie  enrreetinn 
was  Ibnncrly  applii-d,  rejard  beinij  had 
to  the  iieiu'lit  of  the  i>ar-»nirtcr.  r.tit  it 
wa^  re(viitl\  remarks. I  hy  1m---c1  tliat  the 
jx-nduhnn  ilraj-s  with  it  a  certain  portion 
of  air,  the  amount  ot"  wlijc-h  dcj.i'n.ls  on 
the  form  of  the  p -ndul'im  :  and,  con--c- 
tpieiitiy,  the  >[iccitic  irra\  ity  ot'  the  actu- 
ally nioviniT  ma-'S  e-nnot  be  jirevi'>ii->!v 
computed,  i)Ut  must  be  ascertained  for 
ea<'li  pendulum  by  actual  exjierlnient.-?  in 
air  and  in  a  vacuum. 

TKl'I'iai.  .\  condiment  r.htained 
fr<Mn  the/'//";'  nuir-nn,  a  native  of  M;,|;i- 
i>ar,  wheir   it  is   lullix.ilc.j   (111  an   f\U  n 


sivo  scale.  It  is  n  climbing  plant,  and  is 
supported  on  a  polo,  or  small  tree,  plants 
ed  lor  this  purpose,  which  gives*  to  the 
pepper-ffrounds  au  appearance  similar  to 
Iiop-fields.  The  pepi>er  of  Malacca,  Java, 
and  especially  or  Sumatra,  \a  the  most 
esteemed.  Its  culture  haa  been  intro- 
duced into  the  Isle  of  France,  and  thcnoo 
into  Cayenne  and  the  West  Indies. 

White  pepper  is  nothinjjr  more  than  tho 
best  and  soundest  of  the  berries,  gather- 
ed when  fully  ripe,  and  deprived  of  their 
external  skin,  by  steeping  them  in  sidt- 
Water  for  about  a  week,  at  the  end  of 
which  time  the  skins  burst;  they  are 
then  dried  in  the  sun,  rubbed  between 
the  hands,  and  winnowed  to  sepanite  the 
hulls ;  it  is  much  less  punirent  than  tho 
entire  berries.  The  leaves  of  the  P.  hi*  ^ 
a  native  of  the  Siimo  parts  of  tho  gloljo, 
servo  to  enclose  a  few  slices  of  the  arci'a- 
nut,  called  betel-nut,  and  a  little  shell 
lime,  which  substances  tojretlier  fonn  a 
masticiitory  as  much  in  use  among  these 
nations  as  is  tobacco  in  Euroj)o  and 
America. 

Black  Pepper  is  composed,  accordinj?  to 
M.  Pelletier,  of  tho  veiretable  princijile, 
////'<' r//i<',  of  a  very  acrid  concrete  <»il,  a 
volatile  balsamic  oil,  a  colored  gummy 
matter,  an  extractive  principle  anala^on's 
to  IcLMiminc,  malic  and  tartaric  acids, 
stareli,  bassorinc,  ligneous  matter,  with 
eartliy  and  alkaline  salts  in  small  quanti- 
ty. ('ubel)s  pe]»per  has  nearly  the  same 
comjtosition, 

rraTKKMINT  cordial.  Into  1 
ounee  of  refined  suirar  drop  75  dro[»s  of 
oil  of  ]>ej)j)ermint,  and,  wnile  irrinding 
with  the  >Ui:ar,  adil  to  the  quantity  of  1 
pint  of  alcohol,  which  li([uid  mix  with  10 
jilnts  of  alcohol,  mid  In  galK)Us  of  water. 
Add  1  o/.  of  Ilium,  to  fine. 

l\l>}«  riii'iut  Jh'cp.^.  Similarly  mix  and 
treat  'J  n)s.  of  suu'ar  and  4r  oz,  of  p<qq>cr- 
mint-water;  and,  if  needful,  add  u  \'M\y 
drops  (if  nil  ot' jx'j.j.ermint. 

I'> Jill-  ri)i< lit  LnztiKHA,  In  mticilaire  of 
irum  (IraLTon.  fiavoretl  with  oil  of  pepper- 
mint about  2  drs.  mix  2  lbs.  of  su^ar  and 
li  o/,  ot'sfareh. 

PKUAMIU'LATOU  is  an  instrument 
for  inca<urin:/  distances  on  roads.  It  ii)n- 
?•/-.  jirincipally  oi'a  wlieel,  upon  whleli  it 
runs,  and  an  iielex  whii'h  shows  the  num- 
ber 'if  turns  (»f  tlu'  wlu'cl  reduced  in'o 
mile-,  turlon^'-^,  poles,  or  yjivds.  The 
earriaiTc  op  >tock.  which  is  divided  in  or- 
tlcr  to  reciive  tli<>  wheel,  is  made  of 
woo.l,  mill  is  a'lo'it  three  teet  lon;^.  At 
<»ne  end  i^  a  l.and'i-  t'or  the  per.'Oii  wi'.o 
u^(  -  il.  and  the  <'lhe!    is    t\ntiif%lu'd   with 
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BOcketA,  in  which  the  axle  of  the  wheel 
turus.  Upon  the  ntock,  aiul  just  in  front 
of  tlic  liuudle,  is  the  diiil-platc,  with  iU) 
two  liunds.  by  which  tlie  distance  is  re- 
gistered. The  wlicel  is  t*^  I'eel,  or  i  pole 
in  eirciunterence ;  and  upon  one  end  of 
its  axis  is  a  small  pinion  whicit  works  in- 
to a  similar  piuiun  at  the  end  of  u  rod 
passing  up  tlic  stuck  or  carriage  to  tlie 
work**  beneath  the  dial-plate.  Motion  is 
connnunicated  by  means  of  this  rod  to  n 
wonn  or  niicronieter  screw,  which  turns 
once  round  for  each  revolution  of  tlie  car- 
riaire-wheel  of  the  perambulator.  This 
worm  works  into  a  wiieel  of  80  teeth, 
wliicli  is  moved  forward  one  tooth  for 
every  h  i>ole,  and  carries  a  hand  or  index, 
which  makes  one  revolution  for  40  jjoles 
or  one  furlonj^j.  On  the  axis  of  this  wheel 
is  a  pinion  of  8  teeth,  which  moves  a 
wheel  of  IGO  teeth.  This  Ittst  wheel  car- 
ries another  hand,  which  makes  one  re- 
volution for  so  of  the  former,  that  is,  for 
ten  miles.  The  movemcnls  of  the  two 
index  hands  thus  show  the  miles  and  fur- 
long's pas")ed  over. 

Tiicre  are  other  instruments  for  the 
same  or  similar  jiurjioscs,  bcuriuir  dilh-r- 
ent  names,  us  Wni/ivlHir  and  UUniftn'^ 
but  the  construction  ol' all  of  tlicin  \-^  vury 
similar.  Waywiscr  is  the  Uiune  LTciier- 
ally  i^iven  to  tiiat  form  of  the  instrument 
which  is  ai)plied  to  a  Ciirriutre  in  wiiich, 
by  a  sHirut  aduplution  to  one  of  llie 
wluM-ls  ol  the  carria;jrc,  the  instrument  is 
m:i«le  to  rej^isler  the  nmiiber  of  turns  uf 
such  wh(;ul  in  the  sa^ie  niiinncr  ao  the 
perambulator. 

rKlini.  The  main  timber  of  a  car- 
riau'c,  which  extends  throui^'h  the  hind 
and  fore  sprint;  transom,  or  bars,  by 
which  the  principid  }»art  of  the  u|>i>cr  car- 
riaiTc  is  supported.  The  hind  pari  is  sup- 
ported and  united  to  it  by  hoojiiu:,'  two 
exlcndiiiif  timbi-is,  called  wind's,  on  the 
side.  Tlie  lure  part  is  ti\i'd  to  tiic  perch 
by  a  slroni;  j)iecc,  hoopi-d  at  tiie  top,  and 
framed  tliroiiLrh  the  I'urt' tiaiisnm.  Some 
earriau'cs  liave  u  horizontal  wheel  in  the 
front,  the  sanu*  a.-^  the  crane-neck  carria- 
i^cs,  and  tiiese  have  no  h(topiiiu'-picec  to 
the  pcrcii,  but  are  .securi-d  by  siile-plalcs. 
Tiio-.c  on  ilic  ^rcinMul  prineiplij  ha\e,  at 
the  bott(»m  in  tV'iiit,  a  llat  piece  called  a 
ton^nie,  whi.-ii  ijoos  throa:;ii  a  lar^ci-  nior- 
tier  in  ilu!  f'»re  a\ic-tree  beil,and  ihroii^h 
wl.i<"li  tin'  perch  bolt  pa-^>es. 

Soinetinics  the  perch  i-^  Innt,  called  a 
eomjM'.'.  perch,  tor  the  i^urpo-^e  of  a'linil- 
iu".'  tin;  l)od_\  to  han^^  Imv,  or  to  loim  a 
more  aLfrcealile  line  to  the  shai'c.  Wiien 
the  carria-'e  is  int'iidciPfor  a  whole  or 


horiEontal  wheel,  the  perch  has  no  hoop- 
in^-picce,  but  is  bolted  by  the  plates  at 
each  end  to  the  inside  of  the  transoms, 
riating  the  sides  with  iron  is  a  j^reat  im- 
provement, and  always  must  be  done  to 
perches  required  to  be  li^htinaj)pcarance. 
PKKCU8S10N  CAPS,    tiee  Fulmina- 

TIXQ    \IkKCI'1{Y 

VeKCLSSkJx  locks  have  no  pan. 
In  the  place  of  the  pan,  a  snuill  tube  pro- 
jects horizontally  from  the  side  ot  tho 
^un,  and  in  this  tube  another  small  tube 
stands  perpendicularly.  The  cock,  in- 
stead of  bemjr  fonned  to  hold  a  Hint,  is 
shaped  sonu'what  like  a  hammer,  with  a 
hollow  to  tit  upon  tho  hu»t  tube.  On  this 
tube  a  little  cap  of  cojiper  is  placed,  in 
the  bottom  of  which  is  a  ciiemical  mix- 
ture that  kindles  by  j)ercussion.  This 
percussion  is  produced  by  the  cock, 
which  therefore  retiuires  u  very  strong 
spriiiij. 

The  powder  is  made  of  dilfercnt  ma- 
tciMals  •  amomr  others,  ol  mercury,  puri- 
tied  nitric  acid,  and  spirit  of  wine 
freed  from  water.  The  copper-caps  in 
\\hich  this  powder  is  placed  are  two  and 
a  half  lines  lonfj:  and  two  lines  wide. 
Sometimes  the  powder  is  also  tbrmed  in 
pills,  and  then  a  somewhat  dilfercnt  con- 
trivance is  rc'iuired  to  j)lace  the  pills, 
covered  with  a  little  wax,  to  protect  them 
from  m"i«'tiirc,  in  the  small  tube. 

i'EKFOUATlNG  (iLASS,  KvimiKN- 
WAHE,  <V:c.  The  only  to«'ls  re<iui-^ite  f<>r 
this  are  a  tew  worn  out  thrcc-edired 
hand-saw  tiles.  Thc-*e  beini,'  ^^cnerally 
made  of  oast  steel,  retain  wiicn  •:rouiid 
a  very  tine  j>oint,  which  is  of  the  utmost 
imp(/rtance.  In  order,  however,  to  trive 
them  tlie  re<[uisite  dctrree  of  hardness, 
it  is  nc'-es^ary  to  make  their  ends,  for 
about  an  int-li,  red  hot,  and  then  pluiii^e 
tliem  into  <'old  water.  Hv  this  treatment 
they  bceojiic  hard  and  lirittic  ;  care  is, 
theret'ore,  rcpiired  in  frrindluL'  ihein  to 
a  jir-'pir  point,  which  is  easily  elfceted  on 
a  c"inni"n  L'rin«Utone.  There  L'em-raily  is 
LTiveii  to  them  a  tew  rubs  on  a  tine  oil-st"no 
alter  the  f.'rinilinLr,  so  as  to  jinHluce  a 
very  tine  point.  A  cNlindrical  pi»'i'e  of 
an_\  sort  ol  woml,  about  two  inches  lonir, 
terminatid  b\  a  halt-round  end,  iia\iiiLf 
a  hole  al>out'tlic  tenth  of  an  inch  in  di- 
ameter, throiiudi  its  a\is,  may  either  be 
la.^teiied  int(»  a  conmion  bench  \  ice,  or 
on  a  tabic.  This  coIl■^tltutcs  the  only 
snj'port  rc'iuired.  Siippo-e  that  a  L'la>s 
to  eover  till'  laee  ol^  a  \\  ilCfl  haroiiieti-r  is 
wanted,  throii'^'h  whieh  it  is  sonietiiiics 
ncce-sary  to  make  a  pertoralioii  for  tho 
]»urpose*of  pas.'.inj:  the  screw  ofthe  noli- 
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ions  throngh  :  a  proper  piece  of  ylas^ 
being  ■  electea,  is  to  be  marked  with  a 
dot  of  ink  on  the  place  where  tlie  intend- 
ed perforation  is  to  be  made  :  the  gla^s 
is  then  to  be  hold  horizontally  by  the 
left  liand,  and  immediately  over  the 
hole  in  the  wood  support  above  men- 
tioned. A  three-edged  file  ha\'in^  been 
hardened  and  ground  to  a  fine  {)omt  in 
the  manner  above  described,  is  held 
firmly  between  the  fore-finger  and  thumb 
of  the  right  hand,  precisely  in  the  posi- 
tion that  a  pen  or  pencil  is  retained  when 
writing.  Tlie  pointed  steel  is  then  to  be 
repeatedly  im^^inged  against  the  glass 
over  the  spot  mtended  to  be  perforated, 
taking  care  not  to  use  toomucli  violence. 
In  a  short  time  the  outer  surface  is  re- 
moved, and,  bv  a  continuation  of  the  pro- 
cess, a  conicaf  piece  is  forced  from  the 
under  surface  of  the  gliuss  through  a 
hole  in  the  wood  support  ;  the  perfora- 
tion so  produced  never  exceeds  in  size  a 
pin's  head,  but  may  V)e  made  as  large  as 
required  by  holding  it  over  the  hole  in 
the  support,  and  working  roun<l  it.s  edge 
with  a  fine  pointed  fil*;.  In  this  way, 
after  a  little  practice,  and  in  a  very  few 
minutes  may  be  perforated,  with  ease, 
all  descriptions  of  iflass,  from  the  thin- 
nest crown  to  the  thickest  plate,  without 
anv  danger. 

>Vine-glju*sc,^  or  tumblers  may,  also,  be 
easily  perforated  in  a  similar  manner;  l»ut 
there  is  mostly  employed  another  process 
for  them.  These  being  made  of  a  sotter 
sort  of  glass,  retiuire  only  to  be  moved 
by  the  hand  l)aek wards  and  forwards,  in 
the  manner  o{  drillinLT,  on  the  sharp 
point  of  the  tile,  with  the  ooca.'^ionul  as- 
sistance of  a  little  oil  and  eiiierv.  In- 
deed any  sort  of  •.'la.-'S  may  he  pert'orated 
in  this  inajnicr,  hut  not  so  (luirkly  as  hy 
the  method  of  punehinLT.  All  the  varie- 
ties of  china  and  earthenware  may  he 
perforated  by  either  of  the  al>t»ve  pro- 
cesses with  ccrtaintv. 

PERFUMKHV.— i)r.  Ure  in  his  Diction- 
ary of  the  Arts,  L'ives  the  followinLT  di- 
rections for  ol)tainintr  and  ]>rcparinir  the 
most  important  essences,  t<:c.,  which  are 
slightly  eon<lcn-c(l.  The  essential  oils  or 
essences  obtained  in  the  south  ot"  France 
are  those  of  roses.  ncr«ili,  petit -L'rain, 
lavender,  wild-thyme,  thyme,  nnd  ro-c- 
mary.  The.-e  esserict-s  arc  ilisHHcd  in 
the  usual  manner.  Tiiev  obtnin,  1>\  put- 
tini,''  into  the  liody  of  the  still  Jo  lh>i.  of 
rose  leaves,  and  .')')  ]'ints  oi"  water,  and 
pr  ((H'cdini.'  to  disiillation,  1')  pints  of 
rose  water.  They  then  coniinuc  the 
0])craiion  until   they  have  obtained  2oo 


Sints  of  water,  termed  No.  1.  In  this 
rst  distillation,  the^'  obtain  au  almost 
imperceptible  quantity  of  the  e^ence  of 
roses  ;  but  in  the  second  it  becomes  more 
apparent ;  and,  finally,  in  the  fiflh  it  be- 
comes notable. 

In  the  distillation  of  orange-fiow^s^ 
they  also  obtain  the  essence  ofneroll^  now 
become  of  remarkable  importance.  If 
they  would  obtain  this  essence  they  fol- 
low the  ordinary  process,  and  repass  the 
waters  of  the  first  distillations  upon  new 
fiowers.  On  the  contrary,  when  it  is  in- 
tended to  prepare  orange-fiower  water  of 
a  good  quahty,  they  draw  off  a  fifth  part 
only  of  the  water  placed  in  the  cucuroit. 

Of  vommades  by  infusion. — Rose,  or- 
angre-itower,  and  cassia.  Take  834 pounds 
of  hog's  lard,  and  166  of  beef  suet.  These 
500  pounds  are  put  into  a  pan  called  }niga- 
dier  ;  and  when  melted,  150  pounds  of 
rose-leaves  nicely  plucked  are  added,  tak- 
ing care  to  stir  the  mixture  every  liour. 
The  infusion  thus  prepared  is  to  remain 
at  rest  for  24  liours  ;  at  the  end  of  this 
time,  the  pommadc  is  again  melted,  and 
well  stirred  to  prevent  its  adherence  to 
the  bottom  of  the  melting-pan.  The 
I  luass  is  now  to  be  poured  out  into  canvas, 
and  made  into  reetancrular  bricks  or 
loaves,  which  are  subjected  to  a  press,  in 
order  to  separate  the  solid  matter  from 
the  sotY  pommade.  These  brick-shaped 
])icees  beni'j  ]>ut  into  an  iron-bound  barrel 
perforated  all  over  its  staves,  the  pomnmde 
IS  to  be  allowed  to  exude  on  all  sides, 
and  fiow  down  kito  a  copper  vessel 
placed  under  the  trous?h  of  the  press. 
This  manipulation  should  be  repeated 
with  the  same  fut  ten  or  twelve  times  ; 
or  in  c>ther  words,  80o(»  pounds  of  fresh 
rose-leaves  should  be  employed  to  make 
a  L'"o-)d  pommade. 

The  jfonnuadc  of  orange-flowers  is 
made  in  the  same  manner,  as  also  the 
j)onnnade  of  cassia. 

<Jf  j)i>niiii'i<hs  iritliout  irifnnioyi. — Jas- 
mine, tuberose,  jonquil,  narcissus,  and 
violet. 

A  sijuare  frame,  called  fliunr,  is  made 
of  t"our  pieces  of  wood,  well  joinetl  to- 
!/eth(T,  2  or  'S  inches  deep,  into  which  a 
pane  of  irlass  is  laid,  restini:  upon  inside 
l(  «l;:cs  near  the  bottom.  Upon  the  sur- 
face of  tlu-  |nuie  the  simple  ponnuade  of 
luiL'-'s  lard  and  suet  is  spread  with  a  pal- 
let knit"e  ;  and  into  this  j)onnna«le  the 
sweet  sei-ntc'l  Howcrs  arc  stuek  freslj  in 
dillerent  points  each  suecessi\c  day,  du- 
liriL''  two  or  three  months,  till  the  j>om- 
niaile  has  ac>[Hiri;d  the  desired  richness 
of  pcit'umc. 
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Es^ract  of  Peach  Blossoms. 

6  quarts  of  spirits  of  wino. 

6  pounds  of  Itittor  almonds. 

2  quarts  of  spirits  of  oran^e-flowcT,  2d  operation. 

4  aracliins  of  essence  of  biitcr  almouU& 

4  drachms  of  balsam  of  Teru. 

4  ounces  of  essence  of  lemons. 

3iu  de  Colofjne. — Two  processes  have 
been  adopted  for  the  prey)arurion  of  this 
perfume,  distillation  and  infusion  ;  the 
first  of  which,  thotiLrli  genenillv  aban- 
doned, is,  liowevcr,  the  prefcra^)lc  one. 
The  only  essences  whicii  should  be  em- 

f)loyed,  and  which  have  driven  such  ce- 
ebfity  to  this  water,  are  the  followinsr  : 
ber^arnot,  lemon,  rosemary,  Portusral, 
neroli.  The  whole  of  them  outrht  to  be 
of  the  best  quality,  but  their  proportions 
may  be  varied  according  to  the  taste  of 
the  consumers. 

Thirty  ditferent  odors  are  enumerated 
by  perfumers  :  the  followins;  reci|>cs  will 
form  a  eulticieut  specimen  of  their  eom- 
biuations. 

IToneif  Wilier. 

6  quarts  of  spirits  of  roses.  :'>d  oporation. 

8    do.  ja-mine. 

8    do.  spirit.^  of  wino, 

8  otmccs  csonro  of  rortuirul. 

4  drficlim^orilowcrhof  bni/oin. 

Vl  oniK'cs  of  «'SM>nco  of  vaiiilhi,  .'W  inf\i?Ion. 

12    do.  mii-k,  do. 

8  quarts  good  oranirc-flowtr  water. 

Ean  ile  MilU  Flenrs. 

18  qufirt**  of  spirits  <>f  wine. 
4  (»iin<"t's  ]):i!^:uii  of  I'crii. 
H      do.     e.««<<iifO  of  hrr^'ainot 
4      do.  clovo'^. 

1      do.     ordinary  neroli. 
1      do.  "  lliMnc. 

8      do.  iiiu^k,  '\<\  infusion. 

4  quarts  orani:<^-flo\v»*r  w.u«r. 

Kiiu  de  Jfrit/Mfi'  7inr. 

2  qnarf.'^  .'spirit  of  roses,  Md  iiirii>.ion. 
2     <lo.  ja^niiiif.  4th  do. 

1  do.  clove  LTillvllowcT. 

2  do.  oi'aiii.'<'-ll(»\v. T,  Itli  inftision. 
2  ounros  essence  ot  \iniil!a,  ikl  do. 

1  do.  iiiu^k.  do. 

2  dr;«'lims  of  s,ini1ci>  \\(m).1. 

1  quart  of  onin^'i-llowcr  A\iitor. 

Ahnninl  Pii.stfS. — Tluse  arc,  irray,  sweet 
wliitc,  nnd  Itiltrr  wliito. 

The  first  is  iiKhle  cir'uT  with  tin-  ker- 
nels of  iij.ric-'ts,  or  with  hitter  ahni>M-ls. 
Tliev  are  winnowi-'l,  Lrrouii*!,  aiel  loriiu'd 
into  loaves  dt"  o  or  (>  |i(Mni>l'S  weight, 
wliieh  are  put  into  the  i-res^,  in  orih-r  to 
c\tr;ii't  tlieir  oil  :  ."V'o  pi'un-ls  ,,\'  ;iln\"ii,ls 
all'-r'UnLT  aUoiit  i:>'  of  oil.  Tde  jir>s-ui-e 
is  iiieri-isr.l  ujion  tlieni  ever\  twolioiirs 
duriutr  three  tlavs  :  at  the  cud  of  whieli 


time  the  loaves  or  cakes  are  taken  out  o' 
the  press  to  be  dried,  ground,  and  siflied. 

PERSIAN  WHEEL.  In  mechanics,  a 
contrivance  for  raiding  water  to  some 
height  above  the  level  of  a  stream.  In 
the  rim  of  a  wheel  turned  by  the  stream 
a  number  of  strong  pins  are  fixed,  from 
which  buckets  are  suspended.  As  the 
wheel  turns,  the  buckets  on  one  side  ftp 
down  into  the  stream,  where  they  are  fill- 
ed, and  return  up  full  on  the  other  side 
till  they  reach  the  top.  Here  an  obstacle 
is  placed  in  such  a  position  that  tlie  buck- 
ets successively  strike  Against  it  and  are 
overset,  and  the  water  emptied  into  a 
troufifh.  As  the  water  can  never  be  raised 
by  til  is  metms  higher  than  the  diameter 
of  the  wheel,  it  is  obvious  that  tliis  rude 
machine  is  cjipable  of  only  a  very  limited 
application.  Sometimes  the  wheel  is 
made  to  raise  the  water  only  to  the  height 
of  the  axis.  In  this  ca^c,  instead  of 
buckets,  the  spokes  arc  made  hollow,  and 
bcnl  into  such  a  form  that  wlien  they  dip 
into  the  water  it  runs  into  them,  and  is 
thus  conveyed  to  a  box  on  the  axle, 
whence  it  is  emptied  into  a  cistern.  Such 
wheels  are  in  common  use  on  the  banks 
of  the  Nile,  and  elsewhere. 

PETALITK.  A  Swedish  mineral  of  a 
jrray  or  reddish  color  and  a  foliated  tex- 
ture. It  is  a  silicate  of  alumina  and  lithia, 
and  contains  between  five  and  six  per  cent. 
of  the  latter  alkali. 

PETKOLEUM.  A  brown  liquid  bitu- 
men, found  in  several  parts  of  Europe,  in 
I'eisia,  and  in  the  West  Indies.  It  is 
often  ternietl  IlnrUnffns  tar. 

PKTKOEINE.  A  substance  obtained 
by  (listillinir  tlic  petroleum  of  Kimgoou  ; 
aiialo^'oiis  Xf)/>iir'frfi/i^. 

PETKoSltKX":  A  variety  of  flint  or 
hornistoiie.  Tiic  U-rni  is  sometimes  ap- 
plie-1  to  eoinpaet  feld>])ar. 

rHTrNT/.K.  A  decomposing  variety 
of  feldspar,  used  in  China  in  the  manufac- 
ture of  jxireelain. 

Pi:\VTKK,  PKWTERER.  Pewter  is 
L^eiurallv  s;>cakinir,  an  allov  of  tin  and 
Iea«l,  s,«.in('tinies  with  a  little  antimony  or 
eopper,  (Ntinbined  in  sevi-ral  ditVercnt  pro- 
portion>,  aeforilinLT  to  the  ])nrposes  which 
tile  metal  is  t<>  serve.  Plate  pewter  has  a 
bri'jlit  .silvery  lustre  when  polished  ;  the 
]»e.st  is  roin])ose'l  of  loo  parts  of  tin,  8 
jKirts  of  antimony,  2  parts  of  bismuth, 
aii'l  'J  of  enj.|H'r.  The  trifle  is  said  by 
sMuu'  to  eoiis-st  of  ^".J  of  tin,  and  17  ofan- 
tiini'M\  :  b'lt  it  iTenerally  eontaiiis  a  L'o'>d 
<le  il  ft' lea. 1.  The  ley  p(-\\  ter  is  eo^nj»()^e<l 
oft  oftin.  a'lil  1  (»t"lea.l.  i\s  the  tenden- 
cy of  the  eo\etuus  pcwterer  is  always  to 
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pnt  in  fts  much  of  the  cheap  metal  as  is 
compatible  with  tiie  appearance  of  his 
iiietiil  in  tlie  market,  and  aa  an  exces.*  of 
lead  may  cause  it  to  act  poisonou.sly  upon 
all  viuujLTars  and  many  wmcK,  the  French 
government  lonicr  R^o  appointed  Foureroy, 
Vauquelin,  and  other  chemists,  to  lusceV- 
tain  by  experiment  liie  proper  proportions 
of  a  safe  pewter  alloy.  The-*e  eommis- 
Bioners  found  that  18  ^larts  of  lead  miirht, 
witliout  danger  of  artcctinir  wines,  «fcc., 
be  alloyed  with  82  parts  of  tin;  and  the 
French  government  in  consequence  piu^s- 
ed  a  law  re([uiring  pcwterers  to  use  bSi 
of  tin  in  100  parts,  witli  a  tolerance  of  er- 
ror amounting  ft)  H  per  cent.  This  or- 
donnance,  allowing  not  more  than  18  per 
cent,  of  lead  at  a  nuixiinuni,  has  been  ex- 
tended to  all  vessels  destined  to  contain 
alimentary  substances.  A  table  of  spc«i- 
fie  jrravities  was  also  published,  on  pur- 
pose to  te.-t  the  (luality  of  the  alloy  ;  the 
density  of  which,  at  the  Ictral  standard,  is 
7"7«U.  Any  excess  of  lead  is  immediately 
indicated  l»y  an  inc^e;l^e  in  the  s[>eeitie 
gravity  aV>ove  that  number. 

The  I'cwterer  fashions  almost  all  his  ar- 
ticles bv  ca?^tinir  them  in  nn>ul(N  of  brass 
or  bronze,  which  arc  made  both  inside 
and  outside  in  various  pieces,  nicely  lit- 
te<l  tojTrether,  and  locked  in  their  posit  lf)iis 
by  ears  and  catches  or  pins  of  various 
kinds.  The  mouhls  must  be  moderately 
heated  before  the  pewter  is  noiireil  into 
them,  and  their  surfaei's  should  lu-  brush- 
ed evenly  over  with  p<»unee  fH»\vder  (-an- 
daraeh)  beaten  uj)  with  white  of  r-L'tr. 
Sometimes  n  tihn  of  oil  is  preferred.  The 
pieces,  utter  bei?i</  east,  arc  turned  and 
polished;  and  if  any  part  need-^  ><.l(lerin'_'. 
It  must  be  done  with  a  fu.-ible  allov  of  tin, 
hiMUUlh,  and  lead. 

Uritamiia  metal,  the  kind  of  jU'wter  of 
which  Knudish  tea-{><>ts  are  made,  i>  said  i 
to  be  an  alloy  of  e'|iial  jiarts  of  bra-s.  tin, 
antimony,  and  bismuth  ;  but  tin-  ]>r<'por- 
tions  ditfer  in  dill'i-rent  worU.^hojiH,  and 
much  mr»rc  tin  is  eomuionly  introdui-eil. 
Queen's  metnl  is  sai<l  to  eou.-ist  of 'J  parts 
of  tin,  1  of  antimony.  1  of  bismuth,  and  1 
of  lead ;  it  serves  also  for  tea-pots  and 
other  donu'-'tie  utrii-ils. 

I'HANTASCorK.  A  curious  instru-  I 
ment  invente<l  by  I'rof.  .John  L'm  ke,  ' 
whi«-li  will  illustrate,  in  a  manner  ne\er 
iK'fore  acfomplis|n"d,  "siiiLrie  vi-ion  by 
each  eye.''  it  is  \ery  simple  and  has 
neitiicr  len^^es.  pijsms.  nor  relit  etors.  It 
conr-ists  of  a  llat  bo:ird  h;!-!-.  ab'-iit  nine 
by  eleven  im-lns.  \\\\\\  t\\<»  in'ii:_''hi  r<'.i-. 
one  at  eaeii  end,  a  iiori/oni;il  si  ii]i  ^'on- 
necling  the  upper  ends  vl   the   upiijhls,  , 


and  a  ecreen  or  diaphragm,  nearly  as 
largo  as  the  base,  interposed  between  the 
top  Btrip  and  the  tubular  base,  this  screen 
being  adjustable  to  any  intermediate 
heiu'lit.  I'hc  top  strip  lias  a  slit  one- 
fourth  of  an  inch  wide,  and  about  three 
inches  long  from  lefl  to  right.  The  ob- 
server places  his  eves  over  this  slit,  look- 
ing downward.  Tlie  movable  screen  has 
also  a  slit  of  the  same  length,  but  about 
an  inch  wide.  If  there  are  two  identical 
pictures  of  a  llower,  at>out  one  inch  in  di- 
ameter, placed  the  one  to  the  letl  and  the 
other  to  the  right  of  the  centre  of  the  ta- 
bular base,  or  board  forming  the  support, 
and  about  two  and  a  half  or  three  mchcs 
a])art  from  centre  to  centre.  A  flower- 
pot or  vase  is  painted  on  the  upper  screen. 
at  the  centre  of  it  as  regards  right  ana 
left,  and  with  its  lop  even  with  the  lower 
edge  t)f  the  oj)en  slit.  By  looking  down- 
ward throutrh  the  ui-per  slit,  and  direct- 
inir  both  e\es  steadily  to  a  mark,  a  quasi 
stem,  in  the  tlower  pot  or  vase — instantly 
a  llower  similar  to  one  of  those  on  the 
lower  screen,  but  of  half  the  size,  will  ap- 
pear growini:  out  of  ll\e  vase,  and  in  the 
ojien  slit  of  the  moveable  screen.  On 
direetiuL' the  attention  thn)Ugh  the  upper 
screen  t(j  the  ba.'^e,  this  phantom  flower 
disappears,  and  only  the  two  ]»ictures  on 
each  side  of  the  place  of  the  }»hantom  re- 
main. The  phaiitrun  itself  consists  of  the 
two  images  painteil  on  the  base,  optically 
siiperinq^osed  on  each  other.  If  one  of 
these  imaircs  be  red  and  the  other  blue, 
the  I'luintoni  will  be  j'urj>le.  If  two  iilen- 
tieal  ti'jures  ot"  ]h  r.~ons  l»e  ])laeed  at  the 
]iro]»er  po-itions  on  the  lower  sereen,  and 
the  upper  seni  n  be  trra<lually  slid  up 
lYom  its  lowist  ixiint,  the  eye  beint;  di- 
reeteil  to  the  index,  each  image  will  at 
fust  l>e  doiiWIed,  and  will  gradually  re- 
cede, there  biiiiu'  of  e<un>e  four  in  \icw 
until  tlie  two  c•■'ntil:uou^^  coinclile,  when 
t  liree  onl\  arc  seen.  This  is  the  proper 
j'oint  \\  lit  re  the  miildli^  or  double  imago 
IS  the  phantom  seen  in  the  air.  If  the 
screen  be  raiMtl  hi'_rher,  then  the  mitldlo 
inia^'cs  pass  by  each  otjur,  antl  a::ainlour 
are  >c(  n  rcccdinLT  niore  and  more  a.-»  the 
>eri  fii  i>  rai'»  <  I. 

As  ail  this  is  the  elVcft  of  erossin-j"  the 
ave>  of  the  c\e-.  it  follows  tlial  a  juT-on 
\sith  only  one  jicrl'.ft  e_\  e  cannot  make 
the  e\pi  rinients.  'J'heN  ikpcnd  on  Ixiioc- 
iiUl I'  I  lyi'ii . 

All  tl  fsc  elVc  ts  (Upend  on  the  princi- 
ple that  oiif  r.f  tl,(  two  piiniiti\c  p.cliireti 
1<  Ml  II  li\  oiii'  t\e,  :ii.il  tlic  t'thcl'  by  the 
otiicr  c\  c,  ai.'l  tl.r  tlf  .-(Xt  s  arc  so  <-mii- 
M  igctl  b\  ItM.kinj:  at  the  index  or  mark 
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on  the  npper  screen  tlint  those  separate 
inift^cs  full  on  the  points  in  the  eye,  which 

Erodiice  single  vision.  To  u  person  who 
as  perfect  vohmtary  control  over  the 
axes  of  his  eyes,  tiie  upper  screen  and  in- 
dex are  unnecessary.  fc>uch  an  observer 
can  at  any  time  loot  two  contiguous  per- 
sons into  one,  or  superimpose  the  image 
ot  one  upon  the  imusre  of  the  other. 

PHOSGENE  GAS.  A  compound  of 
chlorine  and  c«rbonic  oxide,  made  by  ex- 
posing equal  measures  of  those  gases  to 
the  sunshine,  or  to  bright  daylight.  They 
will  not  unite  in  the  dark. 

PHOSPHATES.  Salts  containing j?^*- 
phoric  acid, 

PHOSPHITES.  Salts  containing  phos- 
phorous iicid. 

PHOSPHORESCENCE.  The  emission 
of  light  by  snbj*tances  at  (X>mmon  temper- 
atures, or  below  a  red  heat. 

PHOSPHATE  OF  SODA  is  made  by 
dissolving  14  parts  of  crystallized  carbo- 
nate of  soda  in  21  of  water,  at  150^  ;  to 
this  is  to  be  added,  grailiialiy,  .t  of  plios- 
pliorio  acid,  sp.  gr.  1-So,  boiling  the  mix- 
ture tor  a  fi-w  iniiiiitc'S,  filtering  it,  and 
letting  it  orystaUize  bycof>rnig;  trom  14 
to  15  of  j>ho>]tliat(.'  of  soda  crystallizes. 

It  is  now  exteiisivelv  used  in  the  arts 
of  calico  printiiiLT  and  dvciiig. 

PHOSPHOKESCENi'E  is  the  proper- 
ty which  certain  bodies  possess,  of  l)c- 
coming  luminous  without  uiulerL'oiiiLr 
combustion,  as,  when  we  rub  or  heat 
theiM,  or  in  eoiisei|iieiiee  of  the  uf'tioii  t>f 
tiie  living  j»riiieij>le,  or  of  (lecv.nijMisjtiftn. 
Two  pieei'-^  of  tpuntz  emit  liirlit  <>u  heing 
ru1)bed  toget  her.  Li-jht  i>*  seen  in  1>ivak- 
iuiT  lnnip-«  of  su^'iir.  A  varit-ty  ot"  bleiule 
(sul[ihMret  of  zine>,  on  beiiif;  scratched 
with  u  knit'e,  emits  a  tine  vellow  Ijc-hl. 

PII()slMli)Kl<"  xVCll)  ispre^-nt  in  the 
solid  Tiart.N  of  all  animals,  and  disj. laved 
especially  in  the  urine.  \\\  Barry".-,  ex- 
periments, it  n)«pi*are«l  in  all  i)liarniaeeu- 
tical  extracts,  and  it  e\i>ts  in  all  articles 
of  food,  and,  ns  phosphate  of  lime,  exi-ts 
in  bones,  an<l  in  all  vetretable-^.  It  ap- 
pears in  all  the  suhsranccs  of  animals,  and 
their  pnxlucts.  In  the  niineral  kiuLrdom, 
it  is  found  in  lead  and  iron,  in  silcx,  in 
Ciiloareous  earths,  and  in  union  with  lime, 
sometimes  in  whole  mountains,  as  in 
Sjniin  aut.l  Hunirary.  The  aci.l  is  tormc-l 
by  the  combustion  of  pllo■^pllorus,  and.  ^o 
to  speak,  is  an  oxide.  But  it  isal-o  made 
by  ai>*tillinir  jiho-^phoru-*  with  nitric  acid, 
or  with  sulphuric  acid  or  chloriiu'.  It  is 
solidile  in  water,  whit-li  takes  up  l-ii-^7  ' 
with  inerea-c  of  tcmpcralur*-.  l)i-tilli-.l 
with  charcoal  or  inilamniablcs,  they  ub-  I 


Btract  its  oxyj?en,  and  it  retoraB  to  the 
state  of  phospnorus. 

Phospiioric  acid  and  barytea  form  a 
salt,  which,  with  great  heat,  forms  gray 
enamel. 

Phosphoric  acid  and  lime,  or  phosphate 
of  lime,  is  insoluble  in  water  till  calcined. 
It  absorbs  grease,  and  serves  to  polish 
stones  and  metallic  surfaoes.    {S€e  Pnoe- 

PHORITK.J 

Phospnates  of  potash  and  aoda  are 
made,  and  the  latter  is  used,  as  a  purga- 
tive salt,  having  no  flavor ;  also  in  assays, 
and  in  soldering. 

Phosphate  of  ammonia  abounds  in 
urine,  and  much  ^mployed  as  a  flux,  and 
in  coloring  glass. 

Other  phosphates  are  formed,  bat  not 
applied  to  any  purpose. 

l*H0SPHOKi:s.  So  called  from  its 
property  of  shining  in  the  dark.  It  was 
discovered  in  le^'^S  by  Brandt,  an  alche- 
mist of  Hamburirh,  and  was  originally 
obtained  by  distilling  urine ;  but  it  is  now 
always  extracted  from  bone  etirth^  by  a 
process  contrived  by  Scheele.  The  bones 
arc  calcined,  so  as  to  destroy  the  animal 
matter,  and,  being  powdered,  are  mixed 
with  water,  to  which  half  iheir  weight  of 
suljihuric  acid  is  added.  The  bone  earth, 
consisting  cliitHy  of  phosphate  of  lime,  is 
thus  dceomj»oscd,  sulphate  of  lime  is 
formed,  and  j)hosphoric  acid  is  evolved; 
or.  rather,  supcr|)hosphateof  lime,  which, 
beiiiir  mucli  more  soluble  tlum  the  sid- 
phate,  remains  in  the  li«piid,  and  mav  be 
obtained  by  its  eva]M)nition  ;  it  is  mi.xed 
with  about  half  its  weight  of  charcoal,  and 
put  into  a  well-luted  earthen  retort,  the 
t)eak  of  which  dins  into  water.  At  a 
l»rii:ht  red  he.-\t,  the  phosphorus  distils 
over  into  the  water.  It  is  purified  by 
carefully  meltinir  it  untlcr  water,  and 
>t raining  it  through  a  piece  of  chamois 
leather. 

I'urc  p}ios]^horus  is  almast  colorless, 
nn<l  semi- tran>parent ;  it  may  be  cut  with 
a  knife,  aud  its  surface  has  a  waxv  lustre. 
It  fuses  at  Ins  \  boils  at  550^,  and  is  t^»n- 
verte<l  info  vaj>or,  having,  accordiiijz  to 
Dumas,  a  diMisity  =  4*:}.'».  It  is  sparindy 
soluble  in  tivcd  and  volatile  oils,  Hud  in 
ether  and  alo<»hol ;  but  insoluble  in  water. 
It  shines  in  the  dark,  ami  emits  a  lumin- 
t>us  \  iipor,  undcr<.'oins,'  a  slow  c<Mnbustion, 
and  ixlialinL'  a  j>couliar  smell  like  trarlic. 
AS'licii  rui)lH<l,  or  heated  to  a  temperature 
rif'al.otit  llo\  it  takes  tire  and  burns  witli 
c-reat  rapidity,  with  a  ^^■hite  llaine.  cmit- 
tiuL'  al>uiid,in<c  ot'ucid  fumes;  in  ox\i:^n 
LM->  it •^  (•oiiilMi>lion  is  so  inteiiselv  brilliant 
that  the  eye  can  sciu-ccly  beiu*  the  light. 
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The  product  of  the  perfect  combustion 
of  ohospborus  is  phoMuhoric  acidy  a  fubihle 
Bu^dtance,  very  soluble  in  wiitcr,  and  in- 
tensely aour.  It  appears  to  co«»ist  of  1 
equivalent  of  phospliorus  =  16,  and  2i  of 
oxyaren  =  20  ;  its  equivalent  beinj^  8«. 

There  are  two  other  acids  of  pbospho- 
niB :  namely,  the  phosphorous  acid^  con- 
Bistinff  of  16  phosphorus  +  12  oxygen ; 
and  the  hypopnos^phorous  acid,  which  ap- 
pears to  be  a  compound  of  2  equivalents 
of  phosphorus  (16  X  2)  =  32,  and  1  of  oxy- 
gen =  H.  When  phosphorus  is  boiled  m 
a  solution  of  caustic  potash  a  gas  is  evolv- 
ed, which  is  remarkably  distinguished  by 
its  spontaneous  inflammability  ;  each  buy>- 
ble,  as  it  rises  through  tiie  water,  taking 
fire  upon  the  surface,  and  producing  a 
beautiful  ring  of  smoke  :  this  gas  is  c<)ni- 
moiily  called  phottphureUed  hi/dnn/m. 
Phosphorus  may  be  made  to  coriibnie  with 
the  greater  number  of  the  metals,  forming 
compounds  cuWed  p?io»phv rets. 

W  ohler  recommends,  as  likely  to  afford 
)ho«phorus  at  a  very  cheap  rate,  to  distil 
)y  a  strong  heat  ivory  black,  with  half  its 
weijtrht  of  fine  sand  and  charcoal  powder. 
A  silicate  of  lime  is  fonned,  and  the  car- 
bonic oxide  and  phosphorus  come  over. 

If  phosphorus  be  put  with  alcohol  into 
'  a  bottle,  and  shaken  for  some  time,  it 
may  be  obtained  in  powder  of  the  utmost 
tenuity,  which,  when  diflused  throu^'h 
the  alcoliol,  appears  as  if  it  consisted  of  a 
multitude  of  minute  crystals. 

At  the  temperature  of  6(P  F.,  or  up- 
wards, carbon  in  the  form  of  animal  eliar- 
eoid,  or  lamp-black,  causes  the  iiirtnmina- 
tion  of  a  stick  of  phosphorus  powdered 
with  it,  and  the  ctiect  takes  plui-e  either 
in  the  open  air,  or  in  a  close  receiver  of  a 
moderate  size. 

J^hmp/ufn/s  Botth. — In  a  phial,  mix,  by 
gentle  heat  for  half  an  hour,  2  drs,  of 
phosphorus,  with  1  dr.  of  linie.  l)r,  in  a 
phial,  with  water,  melt  1  dr.  of  phospho- 
rus, and  If)  grs.  of  white  wax.  Un  co'.l- 
ing,  as  the  inas'^  throws  solid,  turn  the 
phial  till  the  in^itle  is  coated,  ^vhen  dis- 
chartre  the  water,  and  dr\-  ooul. 

C'tfifon's  Phtiyjiliiirii/*  is  formed  by  mix- 
\x\\i  three  parts  of  calcined  o\sier-slulls  in 
p<>w<ler,  with  one  of  Howers  of  suljtlinr, 
and  nimming  the  mixture  into  a  crucihie, 
and  iiruiting  it  for  half  an  hour.  The 
briirht  parts  will,  on  exj>osiirc  to  the  sun- 
Ix-ani.  or  to  the  eonnnon  d;i_\  liirl't,  or  to 
an  ek-ctri<-al  expIusioM.  acquire  the  pro- 
perty (•!' sliinitii,'  in  the  d:irk,  si»  a^  to  illii- 
miiiiite  the  dial  oi"  a  watch.  It  will,  al'ler 
a  while,  cease  to  shine  ;  but,  if  we  keep 
the  powder  in  a  well-corked  phial,  a  new 


exposure  to  the  sun's  light  wiU  restore 
the  phosphorescent  quality. 

Temperature  has  a  marked  effect  on  the 
emission  of  light  by  these  bodies.  When 
they  are  shining,  the  luminous  appearance 
ceases  if  they  are  exposed  to  the  cold  of  a 
freczincr  mixture.  It  becomes  more  vivid 
by  applying  heat :  and  if  it  has  ceased,  it 
may  be  renewed  by  applying  a  stronger 
heat,  so  that  a  piece  of  any  solar  phospho- 
rus, which  has  apparently  lost  its  power, 
may  by  lieat  be  again  made  to  shine, 
Some  of  the  phosphorescent  bodies  jusi 
mentioned,  aher  their  luminousness  is 
over,  upon  partially  heated  iron,  yield  on 
fusion  a  very  vivid  light.  Lime  is  the 
substance  possessing  this  property  in  the 
most  remarkable  degree.  If  a  piece  of 
calcareous  spar  is  placed  on  charcoal  be- 
fore the  compound  olow-pipe,  it  emits  a 
light  so  vivid  and  white  tiiat  it  can  scarce- 
ly be  looked  upon. 

I'hottphoinis  jfaUh  Light. — Into  a  large 
flask,  heated  in  a  sand-bath,  put  eight 
partsj  of  pure  phosphorus,  which  half 
melt,  without  allowing  it  to  oxidize.  Add 
four  equid  parts  of  nuignesia ;  begin  to 
mix  the  whole  at  a  heat  of  284-5"  ;  reduce 
the  heat  gradually  to  106-26°,  and  in 
abo\it  an  hour  you  will  have  a  fatty  pow- 
der, which  is  to  be  put  into  bottles,  and, 
when  cold,  carefully  stopped.  This  sub- 
stance will  instantly  inflame  a  common 
match. 

PHOTOGRAPHY,  or  HELiooiL\pnY. 
Under  the  article  Daguerreotype,  full  men- 
tion of  the  action  ol  the  salts  of  silver  un- 
der the  influence  of  light  has  been  de- 
scribed. Photoifraphic  processes  require 
no  silver  plate,  making  use  of  paper  or 
sonie  non-conducting  miiterial  and  apply- 
in;,'  on  its  surface  sensitive  salts  of  silver, 
which  are  to  be  pr«»lected  from  the  light 
until  they  arc  ready  to  be  exposed  in  the 
camera. 

The  tenn  "  Photogenic  Drawing"  baa 
u>ually  been  a}»plied  to  representations  of 
various  ohjeet.-^  uj'on  raper  imbued  with 
some  of  the  salts  of  silver.  If  a  [liece  of 
pai>er  be  dipped  into  a  weak  solution  of 
nitrate  of  silver,  carefully  dried,  and  pre- 
served out  of  the  contact  of  litrlit,  it  re- 
mains white;  but  if  exi)Ose<l  to  litrht  it 
^Ma<luallv  becomes  discolored,  accjuiringa 
hrownisli  or  gray  tint,  and  ullimatily 
\)laeke:is,  the  «le}'th  of  color  dej-inding 
uj'oii  the  intcn.»ily  of  the  liirhl  ainl  »hira- 
tiou  (»t'i  \po>urc.  IfauN  «'pa<jne  or  iraiis- 
Im-elit  ol.jcet  be  laid  upon  a  ^heet  of  j^a- 
j.ei' M'  picpafed,  so  as  \\  holl\  or  j-aitially 
to  intercept  the  incident  liL'hl,  a  represen- 
tation of  the  object  is  obt;uned  upon  the 


454 


CYCLOPEDIA   OF  THE   UBEFUL  ARTS. 


[PHO 


paper.  Where  the  W^fht  has  been  wliolly 
intercepted,  it  remains  wiiite  ;  wliero  \n\r- 
tittlly  so,  various  shades  are  produced ; 
and  wherever  the  liirht  has  fallen  without 
interruption,  the  utmost  blackness  is  ob- 
tained. If,  for  instance,  a  portrait  paint- 
ed in  transparent  colors  upon  a  plate  of 
glass  bo  laid  upon  a  piece  of  the  prepared 
paper,  and  exposed  to  the  solar  lifjlit,  a 
copy  is  obtained  in  which  the  lights  of  the 
oritrinal  are  shades,  and  the  shades  litrhts 
in  proportion  to  their  intensity  ;  but  if 
Buch  a  picture  be  taken  upon  a  very  thin 
piece  of  paper,  this  may  be  surain  copied 
oy  a  repetition  of  the  process,  and  then 
the  lights  and  sliades  will  be  as  in  the  ori- 
ginal. It  is,  however,  obvious  that  such 
a  photograph  will  only  be  dural)le  whilst 
kept  in  tlie  dark,  and  that  exposure  to 
light  will  gradually  obliterate  the  whole  ; 
to  fix  it,  the  paper  must  bo  washed  in  a 
solution  of  hyposulphite  of  lime  or  of  so- 
da, which  removes  all  remirmiui;  and  un- 
altered salt  of  silver,  but  leaves  the  ima-je 
untouched.  In  tliis  process  the  paper, 
alter  having  been  imjireirjiatcd  with  ni- 
trate of  silver,  or  with  ammonia-nitnite  of 
silver,  is  generally  dipjied  in  a  solution  of 
common-salt,  by  which  chloride  of  silver 
is  formed,  and  this  is  more  susceptible  of 
the  influence  of  light  than  the  mere  ni- 
trate. 

Various  salts  of  silver  have  been  used 
by  ditl'crent  operators,  and  the  proocssfs 
have  received  ditterent  names  :  tlx-Ni!  of 
Mr.  Talbot  and  Sir.  J.  ller.-ohel  are  the 
most  a]»proved.  The  invention  was  tirt«t 
made  ].u')lic  by  M.  Arairo.  Mr.  Hunt's 
procerus  euUed  chrfinnf ijji*  is  ixivrii  luuler 
that  article,  and  under  tlu;  hv^xAaOuf m"  is 
given  Mr.  F.  Talltot's  j)roe»-«.s. 

The  Cf/nn,>t!/p<  of  Sir  J.  Ilersdiel  is 
made  by  washing  the  ]):i]»er  with  a  sohi- 
tion  of  anniionio  citrate  of  iron.  It  is 
then  e\jiu>r(l  to  liirlit.  ;ind  a  latnit  picture 
imj>n>^^ed  on  it.  If  tin-  pajicr  he  M'lisibly 
darki'ncd,  the  picture  will  apj^car  neira- 
tive.  It  is  now  toiiclie'l  over  ^pariiii^lv 
and  e-iuallywith  a  solution  of  fcrro-e\:i"- 
nide  of  iH.t;i>>.iiii,i  in  which  is  dissolved  a 
little  'j-iiin.  The  ne^rative  j.ictnre  vani>li- 
es  and  is  rephieed  Ky  a  positive  oiu'  ot'  a 
violet  lilue  on  a  irrcen  irround  ;  a  second 
wasirniLT  brings  out  tlie  piciure  clearer. 

A  second  lu-'iees.-^  ot"  tlie  ey:in»'t\i.e  i^, 
tosatunite  the  ]'a[Hr  with  a  s'.I-ition  ot" 
e(iu:il  part>  of  jnninonio  citrate  oi'  iron  and 
ferrn  j-e-ijuieynnifle  <>f  j,ota>-ii;iP.  When 
a  picture  has  Itccn  iin['rc>~*<l  i'  i<  tlir'-wn 
into  water  anfl  then  dried,  ainl  a  iicLMlixc 
pictun-  results.  When  this  i>  wa^licd  A\iih 
Bolulion  of  proto-nitrate  of  inereurv  it   is 


discharged,  bnt  maybe  restored  by  wash- 
ing out  the  nitrate  and  drying  the  paj»er. 
A  smooth  hot  iron  is  now  passed  over  it, 
and  the  oWiterated  picture  comes  out  of  a 
brown  tint  •  these  photographs  fade,  but 
arc  restoreti  by  heat. 

Tliird  process  :  1  pint  of  ammonio-ci- 
trate  of  iron  is  dissolved  in  11  parts  of 
water,  and  this  is  mixed  with  an  equal 
quantity  of  a  cold,  saturated  solution,  of 
bichlorule  of  mercury,  before  the  precipi- 
tate is  formed :  the*  solution  is  brushed 
over  paper,  which  should  have  a  tint  ot 
yellow.  This  paper  keeps  well :  wlien  a 
picture  is  formed  on  it,  it  is  wa»*hed  over 
with  ft  saturated  solution  of  prussiate  of 
potash,  diluted  with  thin  gum  water.  The 
{)icture  is  fixed  by  drying,  and  are  beauti- 
tul  positive  ones.* 

Another  process  of  Ilerschers  is,  to  mis 
solution  of  nitrate  silver  of  sp.  gr.  l-ii^K), 
with  fcrro-tartaric  acid  solution  sp.  gr. 
1-<»'J.'^,  till  a  precipitate  falls  which  is  rr^- 
dissolved  by  heat,  leavinsr  a  black  sedi- 
ment and  ft  pale  yellow  liquor.  This  li- 
(luor  undergoes  *no  further  alteration. 
This  is  spread  on  ]>aper  and  exposed  wtt 
to  sunshme  lor  a  few  seconds,  when  it 
may  be  withdrawn.  The  image  gnidual- 
ly  comes  out  afterwards,  and  is  verj'  in- 
tense. W  dried  lud'ore  exposure  in  the 
camera,  an  invisilile  image  is  fonne<l, 
Avhieh,  on  breathintr  upon,  immediately 
ai'pears,  and,  as  if  by  mngie,  aetiuircs 
threat  sharpness  :  instead  of  breathing 
upon  it,  it  may  be  laid  between  the  folds 
of  vvet  paper. 

A7upfii(>/p<'. — So  called  because  both  po- 
sitive and  ncL'^ative  pictures  arc  produced 
by  it.  is  another  process  of  Sir  J.  Ilers- 
ciieU's.  The  jiaper  must  be  prepared  with 
ferro-tartrate  of  mercury  or  lca<i,  or  I'erro- 
eitrates  of  the  >ame  bases.  The  salts 
shiuild  be  laid  on  in  the  state  of  cream: 
or,  tlie  paper  may  be  saturated  with  ni- 
trates i>t  tlie  f>xide^  and  then  dipped  in 
aniinonio-eitrate  or  tartmte  of  iron.  Ne- 
gative j«ictnre>  arc  obtainc*!  In-  iont' ex- 
posure, which  are  not  ]»ennanent.  Wlien 
laded,  it  may  be  restored  by  dip]>ing  it 
in  a  solution  of  pcrnitrate  of  mcreurv-  till 
the  oriirinal  j>ieture  di>appears,  (this  also 
re<iiiires  a  Ioul'  time,)  it  is  tlu-n  \\cll 
wa>lied  with  water  and  dried,  rubbed 
over  wilh  a  hot  iron  between  clean  papers 
when  a  blaek  j->(>>itive  pietun-  at  (uue  ap- 
pears. It"  the  ]>apcr  hud  been  j>roviously 
v.a>lied  with  uric  acid  the  pictures  jtro*- 
ducr.j  are  ?nue)i  better. 

The  juice-^  of  l!'>w(  rs  have  Vjcen  found 
to  be  vi  r\  Mii.-ibly  etfected  by  lij.'-'.T  ai.d 
to  prodiu'e  inia:,'cs  by  long  cxj»ot«ure  in 
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the  camera :  this  process  is  called  antho- 
tym. 

The  followriniLf  are  correct  directions  for 
preparini^  Tulhotypo  paper: 

IiAiz'nuT. — 100  grain?*  nitrate  of  silver 
dissolved  in  3  oz.  distilled  water;  wash 
the  paper  evenly  with  a  brnsh  or  clean 
cotton  ;  spread  the  paper  on  sheets  of 
blotting  paper,  till  q^aite  dry.  Then  im- 
merse it  m  a  bath  ot  iodide  of  potassium 
1  oz.  and  a  pint  of  water,  leave  it  a  very 
few  seconds,  not  more  thim  twenty ;  then 
immerse  it  in  distilled  water  for  some 
minutes,  and  afterwards  pin  up  by  a  cor- 
ner and  dry ;  lastly,  pin  it  up  m  the  sun 
for  at  Icjist  an  hour. 

Preparing  for  tkirnera. — Wash  with  1 
part  nitrate  silver  (proportion  50  j?rains 
to  an  ounce  water) :  6  parts  of  saturated 
solution  of  gallic  acid,  2  parts  acetic  acid ; 
take  off  superfluous  moisture  with  clean 
white  blotting  paj>cr. 

To  bruig  out  Picture. — 1  part  nitrate 
silver  (ftO  grains  to  an  ounce,)  3  parts  sa- 
taratea  solution  gallic  acid  ;  when  finish- 
ed wash  in  three  clean  waters  ;  and  to  fix 
temporarily,  wash  witli  broniiile  of  potas- 
sium; proportion  of  solution  lu  gminsto 
1  oz.  distilled  water ;  after  some  minutes 
wash  and  dry. 

Forjitial  Plxinrj. — Immerse  in  hot  batli 
of  1  jvirt  of  a  saturated  solution  ofliy- 
posulpliitc  of  soda,  to  10  parts  water  ;  a 
couple  of  minutes  will  bring  out  the  io- 
dine ;  lastly,  wash  with  three  ditl'orent 
hot  waters,  two  or  three  minutes  jn  <'ai'h. 

O^pi/ina  Paprr. — IS  trrains  salt,  (lir«Nolv- 
ed  in  1  pint  distilled  water;  soak  the  j>a- 
per  in  a  oath  of  tliis  and  dry ;  then  take  30 
grains  nitrate  silver  in  1  ounce  distilled 
water;  add  enougli  strong  ammonia  to 
make  it  turbid,  then  clear  it  bv  adding 
more  ammonia;  with  this  solution  \va>h 
y<»ur  paper  with  a  brush,  when  dry  it  is 
fit  for  the  copyiiur  press. 

To  Pi  J-. — 10  u' rains  hyposuljdiite  soda, 
1  ounce  distilled  water;  lay  the  C(")i»ies  in 
a  bath  of  this  at\er  immcrsini.'  them  in  3 
baths  of  warm  water;  and  af'ter  the  hy- 
posnljihitc  immerse  them  in  three  waters 
and  tlicn  dry. 

('Viri/.<i>tin)t'. — Paper  is  washed  with  a 
Bolulion  ol  aninionio  citrate  <»!"  iron  and 
dried;  the  paper  should  tlu  n  be  ot*  a  Yel- 
low color,  (not  brown,)  and  it  is  tit  to 
t,'ike  an  iina!.''e.  which,  when  {iro(biccd,  is 
faint  and  hardly  percfptil»lc  ;  on  ri-nifval 
frorn  the  camera,  it  i>  washed  <ner  with 
a  solution  of  ehl'>ride  of  jjoM  when  tlio  ' 
picture  is  prodin-ed,  whirh  al^erwar.ls 
darkens.     It  is  then  well  rinsed  w  ith  wa-  | 


ter  and  washed  over  with  a  weak  solution 
of  hydriodate  of  pot^iss. 

Entiufiatifi^. — A  process  of  Mr.  Hunt. — 
Good  letter-paper  is  washed  over  with  a 
solution  of  succinic  acid  6  grains,  5  j/rains 
common  salt,  and  half  a  dram  of  mueilago 
in  1  oz.  of  water:  when  dry,  the  paper  is 
drawn  over  the  surface  of  60  grains  of  ni- 
trate of  silver  in  1  oz.  distilled  water. 
The  paper  is  dried  in  the  dark  and  fitted 
for  use.  It  is  white,  of  a  permanent  co- 
lor ;  2  or  3  minutes  is  sufiieient  to  tjikc  a 
portrait.  The  picture  is  brought  out  by 
passing  the  pa|>er  over  a  strong  solution 
of  proto-sulphate  of  iron  thickened  by 
gum.  The  j)aper  is  then  well  wasiied 
with  wnter,  atid  may  be  further  fastened  by 
weak  ammonia  or  iiyposulphite  of  soda. 

Messrs.  Ijanj;enlieim,  of  Philadelphia, 
have  discovered  the  art  of  making  photo- 
graphic pictures  on  glass,  such  as  por- 
traits, landscape  views,  copies  of  daguer- 
reotypes, which  is  exactly  similar  to  that 
described  by  M.Kegnault,  in  bch.alf  of  M. 
Evrard,  of  Lille,  who  is  said  to  have  dis- 
covered it  in  1847.    The  principle  of  the 
discovery  is  a  matrix  of  albumen,  render- 
ed sensible  to  the  action  of  lierht,  by  ace- 
to-nit  nite  of  silver,  ami  spread  in  a  thin 
layer  on  a  i>late  of  glass.     The  process  is 
to  take  a  certain  number  of  the  white  of 
egjTfs,  and  remove  all  the  non-transparent 
})art,  and  then  ad<l  a  few  drops  or  a  sa- 
turated solution  of  iodide  of  potassium, 
then  beat  the  egtrs  into  froth  and  allow  it 
to  settle.     The  plate  of  glass  is  well  clean- 
ed with  alcohol,  and  tlie  allMinien  is  then 
spread  over  the  trlass  in  a  thin  layer  with 
another  piece  of  irlass.     The  glass  must 
have  a  perfect  thin  wat  adhering  to  it, 
when  it  is  hum;  up  by  one  of  the  corners 
to  drain  otV  the  excess.     Tlie  ghiss  is  then 
•laced  Hat  upon  a  level  b(»ard.  screened 
Voni    ilust    and  allowed  to  dry.     Wiien 
dry  it  is  submitted  to  a  good  heat,  but 
not  so  much  that    the  albumen  will  peel 
otl".     After  this  the  gla-^s  is  di]>]'ed  into 
a  s(»lutioii  of  a.'oto-nitrate  of  silver,  face 
downwards,   after   which  it    is  removed 
and  immersed  in  a  basin  of  clean  water, 
U-inir  stirred  in  it,  for  a  few  se^'onds,  then 
taken  out,  held  up   by  a  corner,  and  is 
completely  sen-ifive,  moi>t  or  ilry.  to  re- 
cei\e    pliotrc.Taphie    inipre^slon>.      It  is 
then  placed  in  the  camera  oh-i<'ura,  after 
whieh  it  is  dijt  'cd  in  a  hath  of  Lrallic  n<-ld, 
to  whirh  is  a'l'  <il  a  liltlc  of  ac*  to-nitratc 
of  >ilv(r.     Care   is   taken   not    to   Kt   the 
<:Ia<^  remain  too  l»in_'  in  tlii-i.     After  \\c- 
iiiL'  <li]'pfd  in  the  sj-alli'"  :'""id  it  i-  \\a-^lied 
in  water  and  then  immersed  in  a  ."ojutiou 
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of  the  bromide  of  poUMium  (3D  parta  to 
100  of  wutcn.  nficr  '-'•"■i>  "  -  .-™i'..ii» 


baJlH   ft „  ...- »  -. 

cuiTOntB  of  air.  Tlio  pliouiineter  luu  Iwo 
Bfliierol  formii;  tlia  olio  pirtnliU  (fi((  1), 
■D  wliich  tlifl  blurk  bull  Ib  nbuiit  an  iiidi 
hitrlier  Cliaii  tlie  otiier,  aiid  bi-nt  forward 
to  tlie  satiic  venk'nl  iiri«,  or  tlic  axiH  qf 
the  tnin 9 lucent  cvltiidriiiil  rosu;  aadtlic 
other  (Aifiuiuiry  ('fi^.  3J,  having  bnth  its 
balUi  of  tlic  wunc  licijfht,  and  reclining  in 
oppasile  iTaya:  tlteiiuM)  hi)ineoom)Kued 
of  a  wiile  eyiinder  auriiioiinlcd  lii  the 
lancnr  nc^inciit  of  a  liiiEluir  itIuau  Kphcre 
Tliu  luttur  tbriii  of  lIieiiiHtriiiiitiit,  iCkuikIi 
\t»*  eoinmailiuu*,  iii  Iwtter  Hd;i|>tiid  li>r 

iiiK  the  liitht  more  rriiiilurly,  ita  liull", 
fWnn  beiiiic  oil  the  wiiiio  li'V-'l,  nri    tiol 

iiKlimtiuni  by  diffureiit  ftnitu  uruiu  iiiul- 
ly  liostod  air. 

Tlio  tin-ore  of  thi*  jihrrtoniLUr  ile 
pciidH  on  tha  ii»>iniiii,'d  |irini'i]>lv  ihat  Iliu 
Iii1i>iii>ity  of  liicht  is  iim|>iirtioiiul  to  llic 


|Hwi!u  u)  iiuni,  iiiu  rayri  wjiiitl  luii  on  iiic 
dear  bull  puhk  tliroiibrli  it  wUlinut  siifFiT- 
init  oVtniuIiun  ;  but  Ih'ise  which  ulri he 
tlio  dark  IbiII  nre  «ioi.iH.>d  mid  uh^-fpilwd 


[PHO 

Bpa«  through  which  the  ootored  liquid 

Bitiks  in  tlie  alcm  will  nicSKUni  Ihe  mo- 
mentary  impreasions  of    light,  or   ita 
octuul  intcUKity 
ThogruduutiunisentmlTarbitrarr  and 


..  lA.luJ^a  Imia  lighL 

cm       In  England  the 

'-111   fiirtea  the  li' 

The  emien 

'    in  the  depth  of 

l"jut    SS"      At 

\\xK  honioo,  tlio 

indirect  li^ht  of 


till  Bky  at  noon  >n  the  -, 
80'  to  40°  ,  in  winter  fn 
Companu^  tbn  illiuniuutii 


■a  10"  to  IS" 
:  power  of  the 

tit    al  lighu, 


l?/HU"iii'\he    Kt^'.!'\l/d."'.'ll.lT'Tli!"  1   til 
heat  will  e<,iil>nuc  to  aec.iniiilule  lill  it^  |  cu 


milted  to  oiir  jilutnl,  it  nouJd  throw 
forth  a  light  equid  to  Ihe  effect  of  li,uoO 
candled 

A  (creat  ohjLClioa  to  llna  inntminent 
IB,  thut  IliL  mill.  <|uantiti '  t  light  emitted 
bj  tLmstnal  bodiis  of  different  bmds  la 
n't  ulwaia  un-uiiiiuiiied  vith  the  annie 
Uirrccofhiut  Thus,  plio-( homo  buns 
111  o'!^^.'tu  irna  with  liiteii-w  BiJindor, 
mid  jit  giiCB  out  fur  le^a  li.-nt  than 
the  c.m|»irut»ely  didl  e«T,.ha-lion  of 
hj'dro^-n  in  the  "uine  «w ;  mid  Ihe  pho- 
'  meter  iii  nioru  utTcctod  by  n  fire  so  dull 

al  not  n  uliiirle  letter  eould  bo  diuccnied 
a  well']>riiited  pu^e,  thun  by  tlie  de- 
gree of  ilajilBht  by  whieh  tlie  name  retgo 
L-ould  1>e  rend  witli  Heaiure  and  liwility, 

I'llti'RiMETKY.  The  BcLeu<«  which 
ilAofIhe  iiu'usiircmcnt  of  litclit.  At- 
i[pt«  lo  dcterriiiiio  the  rclutlve  inleO' 


acted  1 
hv  till 
biill  h:i 


I  .7  teiiij..'ni(Mr«    which  lli'c 
Hired.     Rill,  in  .'ill  i.ir.  the 


Fur  the  purpoite  ot  eoiiiiuir- 

>t  «f  Sirius  with  that  of  the 
tU'liniU'd    Iluyjietid  Gmplriy  «1 
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liffht  which  appeared  eqnallv  bright  with 
Sirius;  wheDoe  he  concluded  the  dis- 
tance of  Slriae  to  be  27664  timea  greater 
than  that  of  the  Bun.  Celsios  appears  to 
have  been  the  first  who  proposed  to  mea- 
anre  light  directly  by  means  of  what 
he  called  a  htdmeter.  His  method,  how- 
ever, which  was  an  extremely  imperfect 
one,  consisted  simply  in  observing  the 
greatest  distance  from  the  eye  at  which 
small  cirdes  painted  on  paper  were  dis- 
tinctly visible  in  different  lights.  It  was 
reserved  for  Bou^ner  to  establish  pho- 
tomory  on  true  prmciples.  Having  oeen 
induced  by  Mfuran's  remarks  on  the  re- 
lative proportion  of  the  sun's  light  at  the 
summer  and  winter  solstice  to  investigate 
the  experiment,  he  undertook  a  series  of 
experimenta. 

Lambert  afterwards  treated  the  subject 
more  generally,  and  with  great  mathema- 
tical elegance.  The  principle  adopted  by 
Bouguer  and  Lambert  is  extremely  simple. 
Though  the  eye  cannot  judge  of  the  pro- 
portional force  of  different  lights,  it  can 
distingaish  in  many  cases  with  great  pre- 
cision when  two  similar  surfaces  presented 
together  are  eoually  illuminated,  or  when 
the  shadows  or  an  opaque  object  thrown 
upon  them  by  different  lights  are  equally 
dark.  But,  as  the  particles  of  light  proceed 
in  straight  lines,  they  must  spread  uni- 
formly, and  hence  their  density  will  di- 
minish in  the  duplicate  ratio  of  their 
distances.  From  the  respective  situa- 
tions, therefore,  of  the  centres  of  diverg- 
ency when  the  contrasted  surfaces  be- 
come equally  bright,  we  may  easily 
compute  their  relative  degrees  of  illu- 
mination. The  objection  to  this  method 
is,  that  the  apparatus  admits  of  no  certain 
standard  of  comparison.  Even  the  lieht 
of  the  sun  itself,  at  the  same  altitude, 
and  in  the  same  climate,  is  subject  to 
considerable  variation ;  much  more  so 
any  artificial  light,  the  force  of  which 
muHt  always  be  influenced  by  a  number 
of  indefinable  circumstances.  In  this  re- 
spect, therefore,  the  photometer  describ- 
ed in  the  preceding  article  has  a  great 
and  decided  advantasre. 

A  simple  and  elcsrant  application  of  the 

fmnciple  of  B<iuguer  wm*  made  by  the 
ate  Dr.  Ritchie,  of  London.  Ills  appa- 
ratus consists  of  a  rectauijular  oox, 
about  an  inch  and  a  half  or  two  inches 
BC^'ia'-e,  open  at  both  end-*  and  blackened 
witliin,  to  nlworb  extraneous  Vfrht.  Wirh- 
iti.  inc'i'iod  nt  H!ie*';«  "f  4'.°  t<>  it«*  axis, 
ftre  pi -co*!  twoM-'.'.iMirul'ir  plitcs  ..fpl-i'ie 
looking-g'asH.  cut  {Vom  otv  uM'I  thcs-mie 
strip,  to  insure  equality  of  their  reflect- 

80 


ing  powers,  and  fastened  so  as  to  meet 
at  the  topj  in  the  middle  of  a  narrow  slit 
about  an  inch  long ,  and  an  eighth  of  an 
inch  broad,  which  is  covered  with  a  slip 
of  fine  tissue  or  oiled  paper.  In  compar- 
ing, by  means  of  this  instrument,  the  U- 
Inminating  powers  of  two  different 
sources  of  light,  they  must  be  placed 
at  such  a  distance  from  each  other,  and 
ft*om  the  instrument  between  them,  that 
the  light  of  every  part  of  each  shajl  fall 
on  the  reflector  next  it,  and  be  reflected 
to  the  corresponding  portion  of  the  oil- 
ed paper.  The  instrument  is  then  moved 
nearer  the  one  or  the  other,  till  the  two 
portions  of  the  ^aper  corresponding  to 
the  respective  mirrors  are  ec^ually  ulu- 
minatea,  of  which  the  eye  can  judge  with 
considerable  certainty. 

The  modification  of  this  method, 
which  consists  in  contrasting  the  sha- 
dows of  an  opa(^ue  object  formed  by  dif- 
ferent lights,  is  usually  ascribed  to 
Count  Rumford,  by  whom  it  was  pro- 
posed, but  was  long  before  used  by  Lam- 
Dert.  It  is  generally  supposed  tnat  the 
equality  of  two  shadows  can  be  appreci- 
ated with  more  certainty  than  that  of  two 
lights  •  but,  when  the  lights  are  of  differ- 
ent colors,  their  estimation  by  either  me- 
thod admits  of  little  precision. 

M.  Arago  has  proposed  a  method  of 
determining  the  relative  intensities  of 
different  lights  entirely  different  in  prin- 
ciple from  any  of  the  preceding,  and  pro- 
bably susceptible  of  much  greater  accu- 
racy. It  is  founded  on  the  properties  of 
polarized  light.  When  two  lights  are  to 
DC  compared,  the  rays  from  each  are 
polarized  by  causing  them  to  pass  through 
a  plate  of  tounnaline  cut  parallel  to  the 
axis,  or  by  reflecting  them  fVom  a  plate 
of  glass,  on  which  they  fall  at  the  polar- 
Izinsr  angle.  They  are  then  received  on 
a  plate  of  rock-crystal,  cut  perpendicu- 
larly to  the  axis,  and  observed  through  a 
doubly  refracting  prism.  Each  liglit  will 
thus  (rive  two  irna«re8  tingred  with  the 
complementary  colors.  The  images  are 
then  brouifht  into  such  a  position  that 
the  red  of  the  one  falls  oyer  tlic  green  of 
tlie  other.  If  the  two  lights  are  equal  in 
intensity,  this  superposition  will  produce 
a  white  imacre;  if  unequal,  the  image 
will  be  slightly  colored  with  red  or  green, 
according  as  the  one  oi^^he  other  pro- 
domi nates.  The  apparatus  whicli  this 
method  requires  is  somewhat  complicat- 
ed, and  its  innnipnlatioii  must  be  attend- 
eil  'V'Tb  coM-ider-ihlc  troiOile. 

PI  A  N(  )-I-()RTE.  A  mu.-ical  stringed 
iiidtrument  of  the   keyed   species.      Its 
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name,  compounded  of  two  Italian  words, 
Bignirying  soft  and  loitd^  was  probably 

given  to  it  to  distinguish    it  from  the 
arpsichord  and  spinet,  in  which  no  light- 
ness of  touch  could  lessen  the  streneth  of 
the  sound  produced  from  the  ouills  al- 
ways striking    the    strings  witn    equal 
force ;  whereas,  in  the   piano-forte,  the 
strinirs  are  put  in  vibration  by  means  of 
small  hammers,  connected  by  levers  with 
the  key  or  finger  board,  which  hammers 
uuit  tlie  string  the  moment  it  is  struck,  a 
aamper  falling  down  upon  it  the  moment 
the  nnger  quits  the  key.    The  invention 
of  the  piano-forte  is  ascribed  to  a  German 
named  Schrocder,  who  lived  at  tlie  begin- 
ning of  last  century:  but  it  was  first  in- 
troduced into  England  in  1766,  by  Zunipe, 
by  whom  it  was  greatly  improveci.   With- 
in the  present  century  this  instrument 
has  received  many  useful  and  valuable 
improvements,  at  the  hands  of  manu- 
facturers,  in  this  country  and  Europe: 
Pianos   made   in   this  country  preserve 
their  tone  l>cttcr,  and  oven  in  London  a 
Chickering  fnakc  is  often  prelerretl  to  a 
(.'ollarJ  or  Errard.     Many  distinguished 
musicians  have  devoted  themselves  to  the 
composition  of  pieces  for  this  instrument ; 
and  several   of^  the  most  distinguished 
composers  in  modem  times,  among  whom 
we  may  mention  Hummel,  Czorny,  Hcrz, 
Kalkbfeinicr, Cramer,  MoschcU-*,"(;hopin, 
Thalberg,  Liszt,  <fcc.,  have  made  the  in- 
strument  itself   alnio>t    their    exclusive 
study.      It   is  variously  fomi'.'d,   and  is 
desitriiated    ijrarnl    tftjuarr,     K'tui-iiranJ^ 
cahintt^  coltaifc,  nnd  plct'olo.  Some  piano- 
fortes ha\e  7  octaves,  but  the  usual  num- 
ber in  the  best  instrument   is   Ci.      In 
others  0  or  b\. 

One  of  the  recent  improvcmonts  of  this 
instrument,  is  that  entitled,  ''the  ]>atent 
dolce  eampano  pedal  piano-forte,"  man- 
ufactured by  Messrs.  Boardman  it  ('ra\ , 
of  N.Y.  The  ellccts  produced  by  the  ap- 
plication of  this  pedal  arc  [•rolonu-ation 
of  the  sniiiid,  and  the  alteration  of  the 
quality  of  tone  from  the  coinmoii  ])iano, 
to  that  of  sweet  bells  or  hari'S,an«l  which 
can  be  used  ad  lihitum  by  tlie  performer, 
thcreljy  producing  not  only  a  cliarmiiirr 
variety  (A'  sound,  but  a  nlost  Leant ilul 
accompaniment  long  souL'ht  for  the  voice. 
The  mechanical  part  of  this  imj.rovemcnt 
is  sim])le,  b^i:  merely  a  number  of 
weights,  arrantjed  by  a  lever  pedal  to  fjill 
when  rctjuired  u]'on  an  e<iual  nuiiiher  of 
screws,  hxed  in  the  sounding  bn^rd  of  u 
piano,  and  which  of  course  altering  the 
vibration,  effects  peculiar  qualities  and 
expressions  of  tone,  which,  wlien  com- 


bined with  the  other  two  pedals,  prodi 
the  lightest  shade  of  altissimo  notes,  alter- 
nating with  crescendo  and  diminuendo, 
and  other  musical  accents,  in  imitation  of 
an  orchestral  performance.  Its  great  ad- 
vantage are  clearness,  brilliancy,  and 
delicacy  of  tone,  which  falls  on  the  ear 
like  the  chimes  of  distant  bells,  hence  ita 
name  **  Dolce  Campano."  The  attach- 
ment is  simple,  and  mav  be  detached  in 
a  low  minutes.  The  .^lian  is  another 
attachment  put  on  pianos,  which  appears 
to  some  to  produce  an  agreeable  har- 
mony. 

PfAZZA.  In  architecture,  a  B<^narQ 
open  space  surrounded  bv  buildmgs. 
Improperly  used  in  England  to  denote  a 
walk  under  an  arcade. 

PICA.  In  printing,  a  tj-pe  of  a  moder- 
ate size  ;  so  dilled  because  it  was  used  in 
printing  tlie  /'ic,  the  service-book  of  old 
Catholic  times,  which  again  is  supposed 
to  derive  its  appellation  from  Xhepteooior 
of  the  text  ana  rubric. 

PICAMAK.  The  bitter  principle  of 
tar ;  whence  it  derives  its  name. 

PICKET.  In  fortification,  a  sUko  used 
in  layiner  out  ground  to  mark  the  bonnda 
and  angles.  Pickets  are  of  various  lengths, 
accordhig  to  the  purpose  thev  are  to 
serve.  One  end  is  sharp  and  sliod  with 
iron,  and  the  other  sometimes  carries  a 
small  flag,  for  the  purpose  of  renderings 
it  visil>le  at  a  distance. 

PICKLItlS  are  various  kinds  of  vege- 
tables and  fruits  preserved  in   vinetrar. 
The  substances  are  first  well  cleaned  with 
water,  then  steeped   for  some  time  in 
brine,     and    afterward    transferred    to 
])ottlcs,   which  are  filled  up  with  good 
vinegar.    Certain  fruits,  hke  walnuts,  re- 
qtiire   to   be    pickled   with   scalding-hot 
vincu'ar;    others,   as  red  cabbage,   with 
cold  vincirar ;    but   onions,   to  preserve 
their  whiteness,   with   distilled  vinegar. 
"Wood  vine^rar  is  never  used  by  the  prin- 
cipal pickle  manulacturers,  but  the  best 
malt  or  white-wine  vinegar,  No.  22  or  24. 
Kitchener  says,   that   by  parboiling  the 
ii'kles  in  brine,  they  will  be   ready  in 
lalf  the  time  of  what  they  require  when 
done    colli.      Cabba'je,    however,   cnnli- 
tlowers,  and  such  articles,  would  thereby 
become  tlabl)y,  and  lose  that    crispnesa 
which    many   peon'e   lelish.     When   re- 
m(»ved  iVi'm  the   brine,  thev  should  be 
c'x.lcd,  dmined.  and  even  dried,  before 
beiriiiT  I'Ut  into  the  vinei^ar.    To  assist  the 
prc>»'rvati<>n  of  ]iickles.  a  portion  of  salt 
i'^   often   a<lded,    and   likewise,   to    give 
tbivor,  \  nrions  spices,  such  as  long  pepper, 
lila'^k     p<'pier,    white    pepper,    allspice. 
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Singer,  clovee.  maoe,  garlic,  mastard, 
oraeradish,  snallotM.  capsicum.  When 
th«  spices  are  bruiaea,  they  are  most  elfi- 
CHceous,  but  they  are  apt'  to  render  the 
pickle  turbid  and'  discolored.  The  flavor- 
ing ingredients  of  Indian  pickle  are  Curry 
powder  mixed  with  a  large  proportion  of 
mustard  and  garlic.  Green  peaches  are 
said  to  make  the  best  imitation  of  the 
Indian  mango. 

PICROMRL.  A  peculiar  substance 
of  a  bwoetish  bitter  taste,  which  exists  in 
bile. 

PICROTOXIA.  A  poisonous  bitter 
principle,  which  exists  in  the   Gocculus 

PIER.  In  architecture,  the  solid  be- 
tween the  openings  of  a  building,  or  that 
iVom  which  an  arch  springs.  An  abut- 
ment pier,  in  a  bridge,  is  that  next  the 
shore.  For  the  mode  of  building  the 
piers  of  a  bridge,  see  Bridge. 

PiKR.  In  engineering,  identical  with 
moat,  and  is  used  to  designate  the  masses 
of  building  erected  to  form  harbors, 
landing-places,  &c. 

PIGS.  The  want  of  ready  and  cheap 
access  to  foreign  markets,  lea  the  western 
farmers  to  raising  hogs  and  distilling 
whibkcy  as  a  convenient  means  of  taking 
corn,  the  farreut  staple,  in  these  shapes  to 
market.  MrCist,  or  Ohio,  in  a  communica- 
tion published  in  the  patent  office  report 
for  1847,  from  which  this  article  is  con- 
densed, shows  how  small  a  proportion  of 
the  corn  crop  finds  its  wuy  into  the 
market  as  meal  or  grain. 

The  corn  raisea  in  reference  to  the 
whiskey  market  is  independent  cf  that 
which  is  fed  to  hot^s,  no  price  that  can 
be  paid  by  the  distillers  atfordin^  ade- 
quate remuneration  to  growers  of  corn 
who  have  to  transport  it  far  by  land  car- 
riage. 

Cincinnati  being  the  business  centre  of 
an  immense  corn  growing  and  hoi^  rais- 
ing r^ion,  is  in  fact  the  principal  pork 
market  in  the  United  States,  and  without 
even  the  exceptions  of  Cork  or  Belfast, 
Ireland,  the  largest  in  the  world. 

The  business  of  putting  up  pork  here 
for  distant  markets,  is  ot  some  twenty- 
six  years'  standing,  but  it  is  only  since 
18:Vi,  that  it  has  sprung  into  much  im- 
portance. 

The  following  table  furnishes  a  list  of 
ho^  put  up  each  year  since  1840,  and 
the  prices  at  which  the  market  opened. 
The  season  l)c<rins  in  Noveml)er  and 
ends  in  March.  Each  year  relcrs  to  that 
in  which  business  closed. 


Yenr. 

No.  of  Hogs. 

Price. 

1840 

95,000 

•3  00  to  3  50 

1841 

160,000 

3  50  "  3  75 

im-2 

aw-ooo 

2  00  "  2  50 

iai3 

250,000 

I  62  •'  2  00 

1^4 

JWO,000 

2  25  "  2  66 

1845 

213,000 

2  50  "  2  70 

lft46 

28^.000 

4  00  •»  4  25 

1847 

250,000 

2  70  «•  2  80 

The  hogs  packed  in  Ohio  in 

1844  were '. 660,000 

1616  "    425.000 

1617  «     32.-,,000 

Of  which  aggregate  Cincinnati  packed 
in 

1844 43  per  cent. 

1845 47 

1816 6,8        " 

1847 70       " 

The  entire  packing  of  the  west  for 
three  years  may  be  divided  as  follows : 


ISM. 


Missouri 

Tenneswee 

Keniucky 

[llinoifl 

[ii'liana 

Ohio 

Minor  Poinui. . . . 


1841. 

1S45. 

16,000 

31,700 

16.000 

1.500 

91.000 

83,800 

i:»,709 

67,964 

267,414 

147,420 

560,748 

445,5:38 

1,200 

8,850 

70,898 

42,975 
215,125 

68.120 
251.236 
420,833 

18,675 


The  hogs  raised  for  this  market  are 
generally  a  cross  of  IrUh  Grazier ^  Byrfiddy 
Berkshire,  KnasUi^  and  China y  in  such 
proportions  as  to  unite  the  qualifications 
of  size,  tendency  to  fat  and  beauty  of 
shupo  to  the  hams.  They  are  driven  in 
at  the  ape  of  from  eleven  to  eighteen 
months  old,  in  general,  although  a  few 
reach  greater  ages.  The  hogs  run  in  the 
woods  until  within  five  or  six  weeks  of 
killing  time,  when  they  are  turned  into 
the  corn  fields  to  fatten.  If  the  acorns 
and  beach-nuts  arc  abundant,  ihey  re- 
quire less  com,  but  the  flesh  and  fat, 
although  hardened  by  the  com,  is  not  as 
finn  OS  when  they  are  turned  into  the 
corn  fields  in  a  less  thriving  condition, 
durinsT  years  when  mast  as  it  is  called  is 
less  abundant. 

From  the  8th  to  tlie  10th  of  November 
the  pork  season  beijins,  and  the  hops  are 
sold  by  the  fanners  direct  totlie  packers, 
when  the  quantity  they  own  justifies  it. 
Some  of  these  tarmers*  drive  m  one  sea- 
son as  high  tis  one  thousand  head  of 
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ha^  iato  ILeir  lleldi.  The  bogs  at 
dnven  into  pena  «(j.«nt  to  Lhe  r«pe^- 
tive  ■l&ugliter  houi>(-B.  As  soon  u  Uie 
drover  or  Tunner  avlLa  to  tbe  pucker,  the 
hogi  are  pal  into  tinall  peiu,  where  they 


■  two  poinifd  hummer  iidspted  to  the 
purpOH.    Thvy  are  thea  drufi^ctl  out  by 

their  thronlp  are  cut,  the  blonjd  pai^iug 
through  a  drain  or  newer  below  into  large 
taaka  prepared  to  receive  il.    lhe  blo<id 

pnuainte  or  polaith  and  prus^iari  blue. 
Adjaceut  to  tlie  atiching  ruom  are  the 
■caldiug  trnuglis,  whicli  are  healed  bv 
iteam.  Tbene  troiifiba  are  of  one  ihou- 
aond  gallons  capacity  each.  Alter  being 
Bcolded,  the  ho)^  are  tossed  by  iDachiu- 
ery  on  t^  a  long  beocli,  aa  many  portions 
eetting  to  work  on  a  hog  aa  can  jatl  round 


othera  agun  scrape  tbe  animal.  When 
the>.e  operationa  are  through,  his  hind 
legs  are  etrelched  open  wUhustick  called 
a  gamhril,  and  the  hog  is  borne  olT  by 


the  floor.  Here  the  aiiiiiiBl  Tiill:! 
hands  of  the  gutter,  who  lean 
Insidea,  alrlj'ping  at  the  rate  ' 
lf<gi  [o  lhe  uiiiinte.  The  -lumrhlc 


of  the 


cily,  are  ten  in  number,  mid  &&y  I  .  _ 
hui;dred  and  tliiny  fvct  eai'h  in  e\ti-ii)- 
the  ttaiiirt  being  boanli-d  up  nitli  iii<ii'u 
bio  laltii'c  wurlc  at  the  sldv«.  whiuh  i: 
kept  open  to  admit  air  in  the  nrdinar; 
tenipc-ruuire,  but  is  shut  up  during  thi 


[pis 

hog  have  been  p^d  a>  a  boniu  fbr  t}w 

The  nauling  of  hogs  fh>m  thealaaghtcr 
house  to  the  packera,  is  iiaelf  a  larn 
busineaa.  employing  fully  Hfly  of  tba 
largest  class  of  wagona,  each  loading 
fh)m  Billy  to  one  hundred  and  ten  hogs 


z.e:  . 


Htitf  that  II 


Tlie  nlHiiirliten-rn  formcrlv  got  the  cut 
fill  for  the  whole  of  the  Inl^or  tliUH  de- 
acribed,  wagoning  the  liiii;»  more  tluin  a 
mile  to  lhe  {wrk  Iiounkh  free  uf  I'xppnite 
to  the  ownera.  Kvcrv  wur,  however, 
enhancea  the  value  of  tlie  ncr.inisiu-, 
aucl<  a*  the  fat,  hc^.rl.  liviT.  &■.:.  f.>r 
f..i"l,  mid  the  hml-,  hair.  X.:.  f,>r  ni,.nu- 
ruMuriug  piirpooi-H.     i\ 


trimming  lo  got  the  fl 
prnjier  shape.    The  sii 


op  into  eboulders, 
.. .-  ^  ,  undergoes  ftin her 
got  the  flrst  two  artides  in 


appropriate 
markets,  and  with  the  price  of  lard, 
which,  when  high,  tempts  the  pulter  up 
uf  pork  to  trim  very  clo^e,  and  indeed  to 
reudcr  the  entire  shoulder  into  lard.  If 
tlie  pork  is  intended  to  be  shipjied  olf  in 

up  in  vuat  niaasea,  covered  wiih  flne  salt 
iti  tlie  proportion  of  fifty  pounds  salt  to 
two  hiiudrtd  pounds  weight  ofmeat.  If 
•itlierwiso,  the  meat  ia  packed  away  in 
barrels  witli  eoarne  and  fine  unit  in  due 


pro]«)i 


oyed  III 


e  for 


salt  reiiiiiiiiing  in  llie  barrel  to  renew  Iho 
pickle  whose  strength  is  withdrawn  by 
the  meat  in  procctw  of  lime. 

The  dllfu-reiil  I'lasBca  Of  cured  pork, 
packed  in  barrela,  are  made  up  of  lhe 
dilferent  sizes  and  rondiilnns  of  hog;'— 
the  IliiesC  and  fattest  making  clear  and 
incsi  |K>rk.  while  the  residue  ia  put  up 
into  priiue  pork  or  bacon.  The  insnec- 
ticiii  luwa  renuire  that  cleur  pork  abatl )« 
put  up  of  ttio  Bides  with  tlie  ribs  out. 
tt  lakes  the  larutst  class  of  hogg  to  n>- 
ri'ive  this  bnmd.     Mc^s  pork— all  sides. 
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enongh  to  fill  the  barrol,  make  the  con- 
ten  t«.  Two  hundred  pounds  of  ine«it  is 
required  by  the  in8[>ector,  bat  one  hun- 
dred and  ninety-six  poundfl,  packed 
hero,  it  is  ascertained,  will  wci^h  out 
more  than  the  former  quantity  m  the 
eastern  or  southern  markets. 

The  mess  pork  is  used  for  the  com- 
mercial marine  and  the  United  States 
navy.  This  la^t  class,  again,  is  put  up 
somewhat  differently,  by  sDeciflctitioiis 
made  out  for  the  purpose.  The  prime  is 
packed  for  ship  use  and  the  southern 
markets.  The  clear  pork  ^oes  out  to  the 
cod  and  mackerel  fisheries.  The  New 
Englanders,  in  the  lino  of  pickled  pork, 
buy  nothing  short  of  the  best. 

^ulk  pork  is  that  which  is  intended  for 
immediate  use  or  for  smoking.  The  for- 
mer class  is  sent  off  in  flat  boats  for  the 
lower  Mississippi.  It  forms  no  important 
element  of  the  whole,  the  great  niiiss  be- 
ing sent  into  the  smoke  houses,  each  of 
which  will  cure  a  hundred  and  scventy- 
flve  thousand  to  five  hundred  thousand 
pounds  at  a  time.  Here  the  bacon,  as 
nr  as  possible,  is  kept  until  it  is  actuslly 
wan  tea  for  shipment,  when  it  is  packed 
in  hogsheads  containing  from  eight  to 
nine  hundred  pounds,  the  hams,  sides, 
and  shoulders,  put  up  each  by  them- 
selves. The  bacon  is  sold  to  the  iron 
manufacturing  regions  of  Pennsylvania, 
Kentucky,  and  Ohio — to  the  fisheries  of 
Pennsylvania,  Maryland,  and  Virginia, 
and  to  the  coast  or  Mississippi  region 
above  New  Orleans.  Lrfirge  quantities 
are  disposed  of  also  for  the  consumption 
of  the  Atlantic  cities.  Flat  boats  leave 
here  about  the  first  of  July,  and  they  all 
take  down  more  or  less  bacon  for  the 
coast  trade. 

If  there  be  four  hundred  and  twenty 
Uiousand  hogs  cut  up  here  daring  the 
present  season,  1847,  the  product  in  the 
manufactured  article  will  be  : — 

150.000  bbla.  Pork. 
21,000,(X)0  Iba.    Bacon. 
13,800,000     «     Lard. 

These  are  the  products  thus  far  of  the 
pork  houses^  operations  alone.  That  is 
to  say,  the  articles  thus  referred  to  are 

{>ut  up  in  these  establishments,  iVoni  the 
lams,  shoulders,  sides,  leaf  lard,  and  a 
small  portion  of  the  jowls — the  residue  of 
the  carcases,  which  are  taken  to  the  pork 
houses,  leaving  them  to  enter  elaewnere 
into  otner  departments  of  manufacture. 
The  relative  proportions  in  weight  of 
bacon  and  lard  rest  upon  probabilities. 
An  anexpccted  demand  and  advance  in 
price  of  lord  would  greatly  reduce  the 


disparity  if  not  invert  the  proportion  of 
these  two  articles.  A  change  in  the 
prospects  of  the  value  of  pickled  pork, 
daring  the  progress  of  packing,  would 
also  reduce  or  iucrease  the  proportion  of 
barelled  pork  to  the  bacon  and  lard. 

The  lard  made  here  is  exported  in 
packages  for  the  Havana  market,  wiiere, 
besides  being  extensively  used,  as  in  the 
United  Suites,  for  cooking,  it  answers 
the  purpose  to  which  butter  is  applied  in 
this  country.  It  is  shipped  to  the  Atlan- 
tic markets  also,  for  local  use  as  well  as 
for  export  to  Endand  and  France,  either 
in  the  shape  it  leaves  this  market,  or  in 
lard  oil,  large  quantities  of  which  are 
manufactured  at  the  east. 

There  is  one  cstablisimient  there,  which| 
besides  putting  up  hams,  &c.,  extensive- 
Iv,  is  engaged  in  extracting  the  grease 
troni  the  rest  of  the  hog.  This  will  pro- 
bably the  present  year,  1847,  operate  ujion 
thirty  tliousand  hogs.  It  has  seven  large 
circular  tanks — six  of  capacity  to  hold 
each  fHteen  thousand  pounds,  and  od9  to 
hold  six  thousand  pounds — all  gross. 
These  receive  the  entire  carcase  with  the 
exception  of  the  hams,  and  the  mass  is 
subjected  to  steam  process  under  a  pres- 
sure of  seventy  pounds  to  the  square 
inch,  the  effect  or  which  operation  is  to 
reduce  the  whole  to  one  consistence,  and 
every  bone  to  powder.  Tlie  fat  is  drawn 
off  by  cocks,  and  the  residuum,  a  mere 
earthy  substance,  as  far  as  made  use  of, 
is  taken  away  for  manure.  Besides  the 
hogs  which  reach  this  factorv  in  entire 
carcases,  the  great  mass  of  heads,  ribs, 
back  bones,  tail  pieces,  feet,  and  other 
trimmings  of  the  hogs,  cut  up  at  different 
pork  houses,  are  subjected  to  the  same 
process,  in  order  lo  extract  every  particle 
of  grease.  This  concern  alone  will  turn 
out  this  season  three  million  six  hundred 
thousand  pounds  lard,  five-sixths  of 
which  is  No.  1.  Nothing  can  surpass 
tlie  purity  and  beauty  of  this  lard,  which 
is  refined  as  well  as  made  under  steam 
processes.  Six  hundred  hogs  per  day 
pass  through  these  timks  one  aay  witu 
another. 

The  manufacture  of  lard  oil  is  accom- 
nlibhed  by  divesting  the  lard  of  one  of 
its  constituent  parts — stearine.  There 
are  probably  thirty  lard  oil  factories  here 
on  a  scale  of  more  or  less  importance. 
The  largctit  of  these,  whose  operations 
arc  probably  more  extensive  tlian  any 
other  in  tlic  United  Stales,  has  manufac- 
tured heretofore  into  lard  oil  anti  stearine, 
one  hundred  and  forty  thousand  pounds 
monthly  all  the  year 'round.    The  great 
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increaM  of  hogA  for  the  present  season 
will  prol  ably  enlarge  that  business  this 
year  tifty  per  cent. 

Eleven  million  poonds  of  lard  wUl  be 
ran  into  lard  oil  this  year,  two-sevenths 
of  which  aggregate  will  muke  siearine, 
the  residue  lard  oil,  or  in  other  words, 
twenty-four  thousand  barrels  of  lard  oil, 
of  forty  to  forty -two  gallons  each.  The 
oil  is  exported  to  the  Atluntic  cities  and 
foreign  countries.  Much  the  larger  share 
of  this  is  of  interior  lard,  made  of  must 
fed  and  still  fed  hogs,  and  the  material, 
to  a  ^reat  extent,  comes  from  a  distance, 
makmg  no  part  of  tiies^e  t^ibies.  Lard  oil, 
besides  being  sold  tor  what  it  actually  is, 
enters  largely  in  the  eastern  cities  mto 
the  adulteration  of  sperm  oil,  and  in 
France  serves  to  reduce  the  cost  of  olive 
oil.  The  skill  of  the  French  chemists 
enables  them  to  incorponite  from  sixty- 
flve  to  seventy  per  cent,  of  lard  oil  with 
that  of  the  olive.  The  presence  of  lard 
oil  can  be  detected,  however,  by  a  de- 
posit of  stearinc,  small  portions  ofw^hich 
always  renniin  with  that  article,  imd  will 
be  found  ut  the  bottom  of  the  bottle. 

The  stnr  candles  arc  made  of  the  stearinc 
expressed  from  the  lard  in  the  manufac- 
ture of  lard  oil.  The  stearinc  is  subjected 
to  hydraulic  pressure,  bv  which  three- 
eighths  of  it  IS  dischargea  as  an  impure 
oleine.  This  last  is  employed  in  the 
manufacture  of  soap.  Three  million 
pounds  of  stcarine,  at  least,  have  been 
made,  in  one  year,  into  star  candles  and 
soap  in  these  liietories,  and  they  are  jire- 
parcd  to  nuimifaoturo  six  thousand 
pounds  candies  avera>/c  per  day  throuu'li- 
oulthe  whole  vear.     Tlic  manutuelure  of 


150.000  barrels  pork 

21,UI(MI00  pomidrt  Ikiolii 

13.SOIM>00       "         Ni».  I  lartJ 
1,UUU,UU0  gallons  lanl  oil .. . 


420,000  hoir*  nvcraire,  inclndini:  seven 

f)Ounds  gut  fat  to  each,  eis.'lit\-f<>ur  rnil- 
ion  pouuds  Jis  the  carcase  wciirlit  when 
dre.>>sed.     This  is  dislribiUed  as  follow.^  : 

150,000  barrels  pork— 100  pounds 

iiei i:0.4O(U>0f»  lb*. 

Bactm •Jl.imi.ci'O    " 

Nuniber  ono  or  lea(  lanl lo.S^i.H'U    '* 

Lunl  or  mease  run  uito  lard  oil, 

slearUH",  mill  Riap  olfuic .'>.*X10.0''*)    " 

IiirtTior  L'tfii-e  lor  soap l,UiLi.('UU    " 

Eva|u»iaiioii,  Khruikiii^i',  wasio 
crarkliiii:y,  and  (»ll.il  lor  ma- 
nure     i:^,HMMX)0    " 

sLfii^i.tMi  |l)-<. 

Tlie  value  of  all  this  dci'C'iid>  uf  r"ur>e 
on  tlie  foriegu  demand.     Last  year  the 


candles  this  year  will  probably  approaoh 
that  amount,  as  the  present  supphr  pro- 
mises the  raw  material  in  abunoance. 

From  the  slaughterers  the  offtU  capable 
of  producing  grease  goes  to  another  de- 
scription of  grease  extractors,  where  are 
also  taken  hogs  dying  of  disease  or  by 
accident,  and  meat  thaf  is  spoiling  througn 
unfavorable  weather  or  want  of  care.  Ine 
grease  tried  out  here  goes  into  the  soap 
manufacture.  Lard  grease  is  computed 
to  form  eighty  per  cent,  of  all  the  fat  used 
in  the  making  of  soap.  Of  the  ordinary 
soap  one  hundred  thousand  pounds  are 
made  weekly,  equal  at  four  cents  per 
pound  to  two  hundred  thousand  dolIaiB 
per  annum.  This  is  exclusive  of  the  finer 
soaps,  and  of  sott  soap,  which  are  pro- 
bably worth  twenty-live  per  cent.  more. 

Glue  to  an  inconsiderable  amount  is 
made  of  the  hoofs  of  the  hogs. 

At  the  rear  of  these  operations  comes 
bristle  dressing  for  the  Atlantic  markets. 
This  business  employs  one  hundred 
hands,  and  atfords  a  product  of  fifty-five 
thousand  dollars. 

Last  of  all  is  the  disposition  of  what 
cannot  be  used  for  other  purposes,  the 
hair,  hoofs,  and  other  otlaJ.  These  are 
employed  in  the  manufacture  of  pru^siate 
of  potash,  to  the  product  of  which  also 
contributes  the  cracklings  or  residuum 
left  on  expressing  the  hircl.  The  prussiatc 
of  potash  is  used  extensively  in  the  print 
factories  of  New  England,  for  coloring 
puqioses.  The  blood  of  the  hogs  is 
maijufactnred  into  prussiim  blue. 

A  brief  recapitulation  of  the  various 
manufactures  out  of  the  hog  at  this  point 
present  : 

.   l,S7rx(^X)  pounds  ptnr  candlca. 
.   ;)J«t,(iO0       '•         bar  i^oap. 
.  7..»>".iii>0      "        luncy  and  Hoft  Foana. 
jCjU-iO      "        prubsiaic  ol  poiaan. 

I  pork,  bacon,  lard,  lard  oil,  star  candles, 
I  so:ij),  bristles,  <\:c.,  exceeded  six  millions 
!  (dilt'llars  in  value.  This  year  it  will  jiro- 
bably  reach  eij/ht  jnillions.  But  for  the 
rc<iiiccd  jiriccs,  which  a  greatly  increased 
jirodiicl  nmst  create,  it  would  far  exceed 
that  MiJue. 

Tlie  buildiiijrs  in  which  the  pork  is 
put  up,  are  (»f  L^reat  extent  and  c«pacity. 
and  in  every  part  thorouLrhly  ttrrangecl 
for  the  husiiR.os.  They  generally  extend 
from  street  to  street,  so  as  to  enable  one 
set  nf  .^pcraliuiis  to  be  carried  on  without 
iiitincriiiir  \Nith  another.  There  are 
thirty  of  these  estahlishinents,  besides  a 
nuiiihcr  of  minor  importance. 
The  stranger  here  during  the  packing, 


pio] 


CYCLOPEDIA   OF  THE  USEFUL  ARTB. 


463 


and  especially  the  forwarding  Beaaon  of 
the  article,  becomes  bewildered  in  the 
attempt  to  keep  up  with  the  eye  and  the 
memory  the  various  and  auccesoive  pro- 
oesaes  ne  has  witnessed,  in  following  the 
several  stages  of  putting  the  hog  into  its 
final  marketable  shape,  and  in  surveying 
the  apparently  interminable  rows  of  draj's 
whicn  at  that  period  occupy  the  main 
avenues  to  the  river  in  continuous  lines 
going  and  returning,  a  mile  or  more  in 
length,  excluding  every  other  use  of 
those  streets,  from  daylight  to  dark.  Nor 
is  his  wonder  lessened  when  he  surveys 
the  immense  quantity  of  hogsheads  of 
baoon,  barrels  of  pork,  and  kegs  of  lard, 
for  which  room  cannot  be  found  on  the 
pork  house  floors,  extensive  as  they  are, 
and  which  are  therefore  spread  over  the 
public  landing,  and  block  up  every  vacant 
space  on  the  side  walks,  the  public  streets, 
and  oven  adjacent  lota,  otherwise  vacant. 

It  may  appear  remarkable,  in  consider- 
ing the  facilities  for  putting  up  pork, 
wliich  many  other  points  in  Illinois,  In- 
diana, Ohio,  and  Kentucky  possess,  in 
their  greater  contiguity  to  the  neighbor- 
hoods which  produce  the  ho^fs,  and 
other  advantages  which  ore  palpable,  that 
so  large  an  amount  of  this  business  is 
engrosi*ed  at  Cincinnati.  It  must  be  ob- 
served, however,  that  the  raw  material  in 
this  business  (the  hog)  constitutes  sixty 
per  cent,  of  the  value  when  ready  for  sale, 
and  being  always  paid  for  in  cash,  such 
heavy  disbursements  are  required  in  larije 
sums,  and  at  a  day^'s  notice,  tliat  the  ne- 
cessary capital  is  not  readily  obtainable 
elsewhere  m  the  west.  Nor  in  an  article, 
wliich  in  the  process  of  curinjj  runs  irrcat 
risks  in  sudden  chanijCH  of  weather,  can 
the  packer  protect  himself,  exci*])t  where 
there  are  ample  means  in  exten>ivo  sup- 
plies of  salt,  and  any  necessary  force  of 
coopers  or  laborers,  to  put  on  in  case  of 
emergency  or  disappointment  in  nreviotis 
arrangements.  More  than  all,  tiie  facili- 
ties of  turning  to  account  in  various 
manufactures,  or  as  articles  of  food  in  a 
populous  community,  what  cannot  be 
disposed  of  to  profit  elsewhere,  renders 
bogs  to  the  ('incinnati  packer  worth  at 
east  five  per  cent,  more  than  they  will 
command  at  any  other  point  in  the  Mis- 
sissippi valley. 

As  a  specimen  of  the  amazincr  activity 
which  cnaructerizes  all  the  details  of 
packing,  cnttine:,  <fcc.,  here  it  may  be 
stated,  that  two  hands,  in  one  of  our 
pork  houses,  in  less  than  thirteen  hours, 
cut  u|)  eight  hundred  and  fifty  hojrs, 
averaging    over    two    hundred    pounds 


each,  two  others  pladng  them  on  the 
blocks  for  the  purpose.  All  these  hogs 
were  weighed  singly  on  the  scales,  in  the 
course  of  eleven  noars.  Another  hand 
trimmed  the  hams  (seventeen  hundred 
pieces),  in  Cincinnati  style,  as  fast  as  they 
were  separated  from  the  carcases.  The 
hogs  were  thus  cut  up  and  disposed  of 
at  the  rate  of  more  than  one  to  the 
minute. 

Those  who  are  cognizant  to  the  import- 
ance of  the  domestic  market  will  not  be 
surprised  to  learn  by  the  table  of  our  ex- 
ports of  pork  to  foreign  countries,  the 
small  proportion  it  fonns  to  the  quantity 
packed.  The  following  is  the  export 
tabic  for  seven  years : 


Y<'ttr. 

If^lO 
IHil 

\M6 


Barrels. 


66,'2Sl 
l.TJ,390 
ls<),0J9 

80,310 


BarrfU. 


More  than  three-fourths  of  these  ex- 
ports is  to  British  Colonies  in  America, 
and  to  the  West  India  Islands. 

Few  persons  at  the  east  can  realize  the 
si/e,  and  especially  the  fatness,  to  which 
hogs  arrive  in  the  west,  under  the  pro- 
fuse feeding  they  receive. 

The  following  arc  specimens  of  ho^s 
and  lots  of  ho^s  killed  m  Cincinnati  this 
season  and  the  lost : 


Her*. 

AvenK|;<i 

wrirht— lt». 
720 

5. . 

&}() 

«» 

4(r) 

5i. . 

377 

rA). . 

375 

Of  these 
rc^pcctiv 
5-J'J,  r):i2. 

.'fcjit 

were  nine — one  litter — 
ely  316,  444,  454,  452, 

Averiitre 

weighing 
456,  516, 

wpljrht— lbs. 

g:,7.. 

•  •  • 

■   ■   •• 

305 

Few  if  any  of  these  hogs  were  over 
nineteen  months  old.  The  last  lot  is  ex- 
traordinary —  combining  quantity  and 
weii,'ht,  even  for  the  west.  They  were 
all  raised  in  one  neighborhood  in*  Madi- 
son countv,  Kentuckv,  bv  Messrs.  Cald- 
well,  Campbell,  Koss,  and  Gentry,  the 
older*t  beinf?  nineteen  months  in  au'C. 

The  value  of  these  manulactnring  op- 
erations to  Cincinnati  consi>ts  in  the  vast 
amount  of  labor  they  require  and  create, 
and  the  circmnstance  that  the  irreat  nia>s 
of  tiiat  labor  furnishes  employment  to 
thousands,  at  precisely  the  very  season 
when  their  regular  avocations  cannot  be 
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huDdred  ooopcn  ea^iged  in  and  ouutide 
of  tha  dljt  making  lard  ^igij  pork  bar- 
rels, and  b*eoa  tiogshetib :  cba  cic<r 
coopers  at  a  period  wbsa  thev  Bra  not 
seeded  on  stock  barrels  uid  other  coop- 
eta^D,  and  the  oonotry  coopen,  whoae 
main   oocupation    ia   fannin^T   during  n 

at  tbeir  liands.  Tbeo  tliero  is  anollier 
laive  body  ot  hands,  abo  Kricnlturiels, 
at  the  proper  seuon,  engaged  getiitiK  out 
btavea  and  heading,  and   cutting    hoop 

titles  of  boxe«  of  varioua  desoriptiona  are 
madi;  for  packing  bacon^  for  tlio  lliivaina 
and  Enropenn  markets.  Liird  is  ul*o 
packed  to  a  great  extent  for  export  in  tin 

nishes  extensive  occupation  to  the  tin 
TiJate  workera. 

o  Tiev  fiirther  tliM  the 


the  manufacture  and  liuulitig  of  hriokK, 

^iig  nud  walling,  brirk-lavlng,  pbisler- 
log,  and  street  paving,  with  other  ein- 
plofnieliti!,  whivh  in  tlieir  very  niitnro 
cease  on  the  npproitcli  of  winter,  wo  «m 
roudily  apiireeiiilB  tho  importance  of  a 
buainess  wliich  HiipplivH  labor  to  ilic  in- 
dnHtry  of  probably  kIi  tliousand  indivi- 
duals, who  but  fur  it<lcKi^lcnce  would  be 
earning  little  or  notliliig  ono-tliird  of  I  he 
year. 

Tlio  United  States  census  of  1340  givrs 
88,301.293,  as  tbe  existing  number  of 
hoga  of  tliut  date.  Tbe  pHiicipnl  increost- 
tince  Is  in  the  west  owing  to  tlic  sbuiid- 
uice  of  corn  tiiore,  and  that  qniuilitvmio- 
be  now  aiifol^  enlarged  to  forty-flvc  mil- 
lions. This  isnbont  theuumbcriisHigned 
to  entire  Europe  in  less.  by  McGrwor, 
Id  his  Commercial  Dictionary,  and  there 
Ii  probably  no  nintcrial  incrcaiu]  tlu^re 


IV  kind 


e  world  in  produce 


IB  of 


flN  MANUFACTURE.     A  pin  is  o 

■mall  bit  of  wire,  commonly  bniss,  with 
a  point  at  one  end,  and  a  spherical  head 
at  the  other.  In  making  this  liitlc  arti- 
cle, Ihcrc  are  no  less  than  foiirtfcn  dis- 
tinct   openitiona:— 1.    Snii,ililtiiiia  thi 


fA.      The  straigliteniiig 
d  by  fixing  6  or  7  B^ 

ou  a  board,  ao 

red  in  a  atraiglit 

0  tlr=i  t 

ree  naila  may 

thick iicM  of  the  wire  M 

ud  tliat 

he  other  naile 

ireuke 

varv' with  its  Ihicknasa. 

ill-  iha  ■* 

rBwilhpiQcera 

''■'!', 'r,l, 

,  10  the  length 
liug  dFuuglil; 

otf,   ho  reiuraa 

(trawl 


'rhe 


ir  barrel,  which  gives  it 


,:-  I-  iIlilh:   l.y  III!  adjiL-Ied  ebuel.— f 
','1''',;'.X,,ml'eol'a  imieb'CT^i^ 


Bmoll  lathe  conHtructed  for  the  pnrpose. 
— H.  CuUiag  lit  hiaili.  Two  turns  are 
doxtcniusly  etit  off  for  each  head,  by  k 
regulated  chii'el.      A  skilnil    workioin 

iron  ludlo,  made  red-hot  over  an  open 
tire,  and  then  thrown  into  cold  water. — 
T.  J<liimpiaff  or  thapinff  tbe  hvuU.  Thia 
is  done  i)y  (he  blow  of  ■  small  ram.  Tbe 
piu-liesd*  are  also  fixed  on  by  the  same 
ojierallvo,  who  inakeK  about  loOO  pins  in 
llie  hour,  or  tVom  13,000  to  15,000  per 
diem;  exclDsiveofone-tbirteentb,  which 
is  always  deducted  for  waste  in  this  da- 
partmenl,  as  well  as  in  the  rest  of  the 
^'laimrueture. — S.  Tttlomintf  or  eUaninig 
If  pint  a  effected  bv  boiling  them  for 

soluiinn  of  tartar  |  after  which  they  are 
"  L-d. — 9.     ^\'hlUlling  or  (inntn^.      A 

im  of  about  d  pounds  of  pins  la  laid 

in  acopper  piui,  then  a  stratum  of  about 
T  or  H  pounds  of  grain  tin  ;  and  so  alter- 
natciv  lilHho  vcsbvI  bo  filled;  a  pipe  be- 

'"-  fhe  'i1iTroduct">n  of  ™i«r  slo'I^ry 
B  botiuTii,  without  deranging  the 
iitH,  When  the  pipe  is  witb- 
II,  ita  apnea  is  filled  up  with  grain 


pip] 
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tin.  The  vessel  being  now  set  on  the 
Are,  and  the  water  becoming  hot,  its  sar- 
ikoe  is  sprinkled  with  4  ounces  of  cream 
of  tartar ;  after  which  it  is  allowed  to  boil 
fbr  an  hour.  The  pins  and  tin  grama 
are,  lastly,  separated  by  a  kind  of  cullen- 
der.— 10.  Waskmg  the  pins  in  pure  water. 
— 11.  Prying  and  polishing  them^  in  a 
leather  sack,  filled  with  coarse  bran, 
which  is  agitated  to  and  A'o  by  two  men. 
—12.  WifirwwiTig^hy  tuvntn, — 18.  Prick- 
ing the  papers  for  receiving  the  pins. — 14. 
Papering,  or  fixiuff  them  in  tne  paper. 
This  is  done  b;^  cliildren,  who  acquire 
the  habit  of  putting  up  36,000  per  day. 

The  pin  manutucture  is  one  of  the 
greatest  prodi^es  of  the  division  of  la- 
bor; it  fumii^nes  12,000  articles  for  the 
sum  of  three  shillins^,  which  have  requir- 
ed the  united  diligence  of  fourteen  skil- 
ful operatives. 

The  above  is  an  outline  of  the  mode  of 
monufacturinf^  pins  by  hand  labor,  but 
several  beautifal  inventions  have  been 
employed  to  make  them  entirely,  or  in  a 
great  measare,  by  machinery  ;  and  there 
are  extensive  manufactures  of  these  arti- 
cles in  the  Northern  States. 

PINCHBECK.  An  alloy  of  copper  of 
zinc ;  a  species  of  brasn  much  resembling 
what  is  now  termed  Mosaic  gold.  It  was 
brought  into  notice  by  a  person  of  the 
above  name. 

PIPES,  Glass  Water  Pipes.  Glass 
tubes  are  now  coming  into  a  very  general 
use  for  conveying  water.  Mr.  Wm.  T. 
De  Golyer,  of  Schenectady,  N.  Y.,  has  a 
patent  for  making  tubes  of  such  a  form 
wi  to  couple  dilfercnt  lengths  together, 
and  form  glass  conductors  for  water,  of 
any  lenjrth.  About  1000  rods  of  glass 
pipes  of  different  diameters  have  already 
been  laid  down  ;  and  Mr.  John  Matthews, 
of  First  Avenue,  N.  Y.,  has  tented  the 
strength  of  a  nine  \\  inch  in  diameter, 
made  at  the  Albany  Glass  Works,  and 
foand  it  capable  of  standing  a  pressure 
of  200  lbs.  to  the  square  inch,  or  a  column 
of  water  450  feet  high.  Mr.  Wilson,  of 
Hastings,  a  few  miles  out  of  New  York, 
has  connected  these  glass  tubes  with  a 
hydraulic  ram  to  stand  a  pressure  of  80 
feet  high.  After  the  iomts  were  ce- 
mented only  four  days,  the  water  was  let 
on.  and  the  joints  were  found  pcrfcetlv 
tignt.  It  is  well  known  that  gUis:^  is  af- 
most  anti-corroaive,  and  resists  all  action 
of  the  elements  of  air  and  every  kind  of 
water  for  a  long  time ;  it  is  theretore  in- 
destructible, and  when  kept  from  the  ac- 
tion of  ftx>st,  it  may  be  considered  as  en- 
during as  the  everlasting  hills.    By  them 

20» 


water  ia  conveyed  in  all  ita  pnritj  from 
the  fountain,  aa  the  interior  is  too  smooth 
to  allow  any  weeds  or  vegetable  forma- 
tions to  adhere  to  it. 

PIPES,  Sheet  Ibon.  Sheet  iron  pipes 
of  a  new  manufacture  have  lately  oeen 
introduced  into  England,  from  France, 
where  thev  have  been  in  use  for  several 
years.  They  are  made  of  sheet  iron, 
which  is  bent  to  the  required  form  ana 
then  strongly  riveted  together;  after 
which  thev  are  coated  with  an  alloy  of 
tin,  and  the  longitudinal  joints  are  sol- 
dered so  as  to  render  them  both  air-tight 
and  water-proof.  In  order  to  give  them 
more  stiffness,  they  are  next  coated  on 
the  outside  with  asphalt  cement,  and,  if 
they  are  intended  to  be  used  as  water- 
pipes,  the  inside  is  also  coa.fed  with  bitu- 
men, which  resists,  like  glass,  the  action 
of  acids  and  alkalies.  Thev  are  so  elastic 
that  thev  will  bear  a  considerable  deflec- 
tion witnout  injuring  the  pipes,  or  caus- 
ing an^  leakage  at  the  joints.  The  verti- 
cal jomts  screw  together  in  the  same 
manner  as  cast  iron  gas-pipes.  These 
pipes  have  been  used  for  water,  for  gas, 
and  for  draining,  and  are  found  to  be 
more  economical  than  cast  iron,  besides 
being  less  liable  to  leak,  and  for  water- 
pipes  they  are  more  beiUthy  than  the 
common  ones. 

Iron  pipe  conUd  with  glass. — At  a  late 
Soiree  of  the  President  of  the  Society  of 
Civil  Engineers,  London,  some  speci- 
mens of  iron  manufacture  were  exhibit- 
ed, coated  with  glass,  from  the  Smeth- 
wick  Iron  Works  of  Messrs.  Selby  and 
Johns,  near  Birmingham,  and  which 
would  appear  to  bo  the  very  desideratum 
so  long  sought  for.  In  the  process  of 
coating  plates,  corrusrated  or  plain  roof- 
in?,  tiles,  tubing  of  all  kinds  and  dimen- 
sions, frying-pans,  grid-irons,  sauce-pans, 
kettles,  ciildrons,  or  boilers,  in  lieu  of 
coppers,  and  a  host  of  other  implements, 
domestic,  agricultural,  and  manufactur- 
ing? ;  the  article  is  first  thoroughly 
cleansed  in  an  acid  solution,  to  free  it 
from  every  particle  of  grease,  similar  to 
the  preparation  for  tinnnig,  zincing,  <fec. 
It  is  then  covered  with  a  glutinous  pre- 
paration, over  which  is  laid  a  coat  of 
glass,  ground  to  a  fine  powder. 

The  article  is  then  introduced  into  a 
furnace  of  peculiar  construction  and  sutfl- 
cient  temperature,  in  which  the  glass  is 
fused,  and  the  intermediate  fflutinous 
mutter  beintr  evaporated,  tlie  ^lusa 
fills  the  external  pores  of  the  metal, 
and  becomes  firmly  united  to  it;  as  the 
manip  ilation  becomes  facilitated  by  prao* 
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tice,  it  Improbable  that  the coct of  ■  ^liM- 
eoater!  iron  mnleriiii,  of  tlieu  cominoc 
hinds,  will  be  btit  b  mere  nominal  trifli 

ounces  liirhler  tliBn  an  eerthenware  piuti 
of  tliB  bent  coDslruotiou,  size  for  aiia 
Tlie  fuliace  snd  dcKiiins  nro  in  relief,  Bii<1 
are  execiucil  by  a  kind  of  alenciling;  one 
color  beiti^  put  on,  it  is  tranpferred  U 
tliB  kiln  and  fixed;  tlien,  wlien  cold, 
another  color  is  iiddcd,  uuuin  flxcd,  and 
.altern  t»  apiJicd 
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observed  onoe  more  with  their  le^lar 
indinatioD.  These  oo&ls  of  the  middle 
area,  dip  regularly  northward  till  inter- 
rupted by  a  slip  running  opposite,  which 
dislocates  the  strata,  and  throws  them 
up  700  feet ;  that  is  to  say,  a  line  pro- 
longed in  the  direction  of  any  one  well- 
known  seam,  will  run  700  feet  above  the 
line  of  the  same  seam  as  it  emerges  after 
the  middle  slip.  Immediately  adjoining 
the  last  slip,  the  coals  ana  coal-field 
resume  their  course,  and  dip  regularly 
northward,  running  through  a  longer 
range  than  either  of  the  other  two  mem- 
bers of  the  basin. 

With  regard  to  slips  in  coal-fields, 
there  is  a  general  law  connected  with 
them  as  to  the  position  of  the  dislocated 
strata,  which  is  this : — When  a  slip  is 
met  with  in  the  course  of  working  the 
mines — if  when  looking  to  it,  the  vertical 
line  of  the  slip  or  fissure,  it  forms  an 
acute  angle  with  the  line  of  the  pave- 
ment upon  which  the  observer  stands, 
we  are  certain  that  the  strata  are  dislo- 
cated downwards  apon  the  other  side  of 
the  fis«»ure.  On  the  contrary,  if  the 
angle  formed  by  the  two  lines  above- 
mentioned  is  obtuse,  we  are  certain  that 
the  strata  are  dislocated  or  thrown  up- 
wards upon  the  other  side  of  the  fissure. 
When  tne  angle  is  90°,  or  a  right  angle, 
it  is  altogether  uncertain  whether  the 
dislocation  throws  up  or  down  on  the 
opposite  side  of  the  slip.  When  dikes 
intercept  the  strata,  they  generally  only 
separate  the  strata  tne  width  of  the'  dike, 
without  any  dislocation,  cither  up  or 
down ;  so  that  if  a  coal  is  intercepted  by 
a  dike,  it  is  found  again  by  running  a 
mine  directly  forward,  corresponding  to 
the  angle  or  inclination  of  the  coal  with 
the  horizon. 

The  following  is  the  description  of  the 
several  varieties  of  coal  as  given  by  Dr. 
Ure: — 

1.  Cubical  coal. — It  is  black,  shining, 
compact,  moderately  hard,  but  easily 
frangible.  When  extracted  in  the  mine, 
it  comes  out  in  rectangular  miusses,  of 
which  the  smaller  fragments  are  cubical. 
The  lamellfl)  (r^ed  of  the  coal)  arc  alwavs 
parallel  to  the  bed  or  plane  on  which  tfie 
coal  rests ;  a  fact  which  holds  generally 
with  this  substance.  There  are  two  va- 
rieties of  cubical  coal :  the  openr-biirninff 
and  tiic  eating.  The  latter,  however 
small  its  fragments  may  be,  is  quite 
available  for  fuel,  in  consequence  of  its 
agglutinating  into  a  miLss  at  a  moderate 
heat,  b^  the  abundance  of  its  bitumen. 
This  kind  is  the  true  smithy  or  forge- 


ooal,  because  it  readily  forms  itself  into  a 
vault  round  the  blast  of  the  bellows, 
which  serves  for  a  cupola  in  concentrat- 
ing the  heat  on  objects  thrust  into  the 
cavity. 

The  open-burning  cubical  coals  are 
known  by  several  local  names ;  the  rough 
coal  or  clod  coal,  from  the  large  masses 
in  which  they  may  be  had,  and  the  cherrv 
coal,  ftom  the  cheerful  blaze  with  which 
they  spontaneously  burn;  whereas  the 
caking  coals,  such  as  most  of  the  New- 
castle qualities,  require  to  be  frequently 
poked  in  the  grate.  Its  specific  gravity 
varies  from  1*25  to  1*4. 

2.  Slate  or  splint  coal, — ^This  is  dull- 
black,  very  compact,  much  harder,  and 
more  difficultly  frangible  than  the  pre- 
ceding. It  is  readily  fissile,  like  slate, 
but  powerfully  resists  the  cross  fracture, 
which  is  conchoidal.  Specific  gravity 
from  1'26  to  1*40.  In  working,  it  sepa- 
rates in  large  quadrangular  sh^j^edged 
masses.  It  burns  without  caking,  pro- 
duces much  flame  and  smoke,  unless  ju- 
diciously supplied  with  air,  and  leaves 
frequently  a  considerable  bulk  of  white 
ashes.  It  is  the  best  fuel  for  distilleries 
and  all  large  grates,  as  it  makes  an  open 
fire,  and  does  not  clog  up  the  bars  with 
glassy  scoria).  I  found  good  splint  coal 
of  the  Gla«igow  field  to  have  a  specifio 
gravity  of  1-26G,  and  to  consist  of— car- 
bon, 70-9;  hydrogen,  4*8;  oxygen,  24'8. 

8.  Cannel  coal. — Color  between  velvet  and 
grayish  black ;  lustre  resinous ;  fracture 
even ;  fragments  trapezoidal ;  hard  as 
splint  coal ;  specific  gravity  1'28  to  1-28. 
In  working,  it  is  detached  in  four-sided 
columnar  masses,  often  breaks  con- 
choidal, like  pitch,  kindles  very  readily, 
and  burns  with  a  bright  white  pro- 
jective flame,  like  the  wick  of  a  can- 
dle, whence  its  name.  It  occurs  most 
abundantly  in  the  coal-field  of  Wigan,  in 
Lftncashire,  in  a  bed  4  feet  thick :  and 
there  is  a  good  deal  of  it  in  the  Clydes- 
dale coal-field,  of  which  itfonns  the  low- 
est seam  that  is  worked.  It  produces 
very  little  dust  in  the  mine,  and  hardly 
soils  the  Angers  with  carbonaceous  mat- 
ter. Cannel  coal  from  Woodhall,  near 
Glasgow,  specific  gravity  1-228,  consists 
by  my  analysis  of— carbon,  72-22 ;  hydro- 
gen, 8-93;  oxygen,  21-05;  with  a  little 
azote  (about  2-8  in  100  parts).  This  coal 
has  been  found  to  afford,  in  the  Scotch 
gas-works,  a  very  rich-burning  gas.  Tlie^ 
azote  is  there  converted  into  amujonia,  of 
which  a  considerable  quantity  is  distilled 
over  into  the  tar-pit. 

4.    Glance  coai.—ThiB  species  has  an 
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Iron-bbok  oolor,  with  m  oocmioD«l  iiidis- 
oenoe,  UkethBtof tamperedsUcli  lustra 
ID  inner*]  eplendenC,  Bhinitigj  uid  im- 

niagibl« ;  (Vutare  flat  oonchoidil  j  tng- 
nienlB  Bturp-«dged.  It  bunu  vitboat 
flame  or  Hnell,  cioept  when  it  is  sul- 
pbareons;  and  it  lesvw  >  irliit«-oolar«d 
ub.  It  prodaoea  no  Boot,  uid  Bnemg, 
indeed,  to  be  merely  owbou,  or  coal  de- 


BDd  converted  into 

caJcinBtiaD,  frequeu 
whio-dlkeB.     Gltna 

ly  from  contact  with 

e  coal  aboundB  iu  Ire- 

land, uader  the  nai 

ne  of  Kili(«uny  ooal; 

in  ScDllaud  it  ia  « 

led  blind  coal,  from 

ta  burning  without  flune  or  amote ;  and 

aW»lea,1t  iatho 

ranltiQftorBtonecoal. 

tcoBlniiiefromflO 

toWpercentoftar- 

ion.      Specjflc  bts 

ity  from  1-8  to  1-6; 

proportion  of  earthy 

mpuriljee.— ( Urt.) 
Dikes  and  t'aulta 

ra  denominated  up- 

tbrow  or  downthn 

w,  accordiuK  to  the 

position  they  ere  m 

Sine.  TbnK,Lnflgu 

■e(p.466),ifthen,iuor 

in  ftdvanclDg  to  tl 

rise,  the   dllie  x  s 

obviously  does  not 

hange  tlie  direction ; 

bnt  ooisBdownll 

rowdlheofBfenaiii 

number  of  talhonu 

towards  llie  riaa  of 

tbfl  b«ain,  and  e  r 

la  an  UDthrow  dilie 

likewiie  lownrdB  the  rise.    On  the  otiicr 

the  miner  in  woric 

ag  from  tlie  rise  to 

the  dip,  the  n-ma 

would  be  reverwd 

for  what  is  an  up- 

and  partial  slips  where  the  liiKlooitiuti 
doeB  not  exceed  tlio  thiciinftiN  of  the  coal- 
seam  ;  and  they  are  correcrl.  ennn^li 
called  tifpt  bv  the  miner.     This  fiK'tt^ 
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great  obsteole  to  be  encountered  is  water, 
particnlorly  in  the  first  opening  of  a  field, 
which  proceeds  from  the  surface  of  the 
adjacent  country;  for  every  coal  stratum, 
however  deep  it  may  lie  m  one  part  of 
the  besin,  always  rises  till  it  meets  the 
alluvial  cover,  or  crops  out,  unless  it  be 
met  by  a  slip  or  dike.  When  the  basset- 
edge  of  the  strata  is  covered  with  gravel 
or  sand,  any  body  or  stream  of  water 
will  readilv  percolate  downwards  throngh 
it,  and  fill  up  the  porous  interstices  be- 
tween the  coal-m<^ures,  till  arrested 
by  the  face  of  a  slip,  which  acts  as  a 
valve  or  flood-gate,  and  confines  the  wor 
ter  to  one  compartment  of  the  basin, 
which  may,  however,  be  of  considerable 
area,  and  require  a  great  power  of  drain- 
age. 

In  reference  to  water,  coal-fields  are 
divided  into  two  kinds: — 1,  level  free 
coal ;  2,  coal  not  level  free.  In  the  prac- 
tice of  mining,  if  a  coal-field,  or  portion 
of  it,  is  so  nituated  above  the  surface  of 
the  ocean,  that  a  level  can  be  carried 
from  that  plane  till  it  intersects  the  coiil, 
all  the  com  above  the  plane  of  intersec- 
tion is  said  to  bo  level  free ;  but  if  a  coal- 
field, though  placed  above  the  surface  of 
the  ocean,  catmot,  on  account  of  the  ex- 
pense, be  drained  by  a  level  or  gallery, 
out  by  mechanical  power,  such  a  corn- 
field is  said  to  be  not  level  free. 

Be:«ides  these  general  levels  of  drain- 
age, there  are  subsidiary  levels,  called 
off-takes  or  drifts,  which  discharge  the 
water  of  a  mine,  not  at  the  mouth  of  the 
pit,  but  ftt  some  depth  beneath  the  sur- 
face, where,  from  the  form  of  the  coun- 
tr>%  it  mfty  bo  run  off  level  free.  From 
20  to  30  fathoms  off-take  is  an  object  of 
considcruble  economy  in  pumping ;  but 
even  less  is  often  had  recourse  to  ;  and 
when  judiciously  contrived,  may  serve 
to  intercept  much  of  the  crop  water,  and 
prevent  it  from  getting  down  to  the  dip 
part  of  the  coal,  where  it  would  become 
a  heavy  load  on  a  hydraulic  engine. 

Day  levels  were  an  object  of  [^-^-^ary 
importance  with  the  early  miners,  who 
had  not  the  gigantic  pumping  power  of 
the  steam-engine  at  their  command. 
Levels  ought  to  be  no  le!»s  than  4  feet 
wide,  and  from  5  feet  and  a  half  to  6  feet 
high ;  which  is  large  enough  for  carry- 
ing off  water,  and  admitting  workmen  to 
make  repairs  and  clear  out  depositions. 
When  a  day-level,  however,  is  to  serve 
the  double  purpose  of  drainage  and  an 
outlet  for  coals,  it  should  be  nearly  5  feet 
wide,  and  have  its  bottom  gutter  covered 
over.    In  other  instances  a  level  not  only 


carries  off  the  water  from  the  colliery, 
but  is  converted  into  a  canal  for  bearing 
boats  loaded  with  ooals  for  the  market. 
Some  subterranean  canals  are  nine  feet 
wide,  and  twelve  feet  high,  with  five  feet 
depth  of  water. 

If  in  the  progress  of  driving  a  level, 
workable  ooals  are  intersected  before 
reaching  the  scam  which  is  the  main  ob> 
ject  of  ^0  mining  adventure,  an  air-pit 
may  be  sunk,  of  such  dimensions  as  to 
serve  for  raising  the  cools.     These  air- 

Sits  do  not  in  general  exceed  7  feet  in 
iameter;  and  tney  ought  to  bo  always 
cylindrical. 

When  a  ooal-basin  is  so  situated  that  it 
cannot  be  rendered  level  free,  the  winning 
must  be  made  by  the  aid  of  machinery. 
The  engines  at  present  employed  in  the 
drainage  of  coal-mines  are  : — 

1.  The  water  wheel,  and  water-pressure 
engine. 

2.  The  atmospheric  steam-engine  of 
Newcomen. 

8.  The  s^oam -engine,  both  atmospheric 
and  double-stroke,  of  Watt. 

4.  The    expansion    steam-engine   of 
Woolf 

5.  The  high-pressure  steam-engine 
without  a  condenser. 

The  depth  at  which  the  coal  is  to  be 
won,  or  to  be  drained  of  moisture,  regu- 
lates the  |>ower  of  the  engine  to  bo  ap- 
plied, taking  into  account  the  probable 
quantity  of  water  which  may  be  found,  a 
circumbtanco  which,  governs  the  diameter 
of  the  working  barrels  of  the  pumps. 
Experience  has  proved,  that  in  opcnmg 
collieries,  even  m  new  fields,  the  water 
may  generally  be  drawn  off  by  pumps  of 
from  10  to  15  inches  diameter;  excepting 
wliere  the  strata  are  connected  with 
rivers,  sand-beds  filled  with  water,  or 
marsh-lands.  As  feeders  of  water  from 
rivers  or  sand-beds  may  be  hindered 
from  descending  coal-pits,  the  growth 
proceeding  from  these  sources  need  not 
DC  taken  into  account;  and  it  is  ob- 
served, in  sinking  shafts,  that  though 
the  influx  which  cannot  bo  cut  off  from 
the  mine,  may  be  at  first  very  great,  even 
beyond  the  power  of  the  engine  for  a 
little  while,  yet  as  this  excessive  flow  of 
water  is  frequently  derived  from  the 
drainage  of  fissures,  it  eventually  be- 
comes manngeable.  An  engine  working 
the  pumps  for  8  or  10  hours  out  of  the 
24,  is  reckoned  adequate  to  the  winning 
of  a  new  collier}',  which  reans  no 
advantage  from  neighboring  hydniulic 
.  powers. 

When  the  engine-pit  is  sunk,  and  the 
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cd  by  the  centring  of  a  beam,  and  the  at- 
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level  oross-oat  mine,  both  to  the  dip  and 
rbe,  till  all  the  coals  arc  intersected. 

PLANK  ROADS.  The  manifest  ad- 
vanuige  of  the:»e  roads  over  every  other, 
has  led  to  their  general  adoption  in  some 
of  the  Western  btates,  and  their  general 
extension  through  the  western  part  of 
this  State  ('N.  Y.).  Next  to  steam  railroads, 
they  are  tlie  most  usofal  form  of  road  for 
conveyance. 

In  the  most  generally  approved  system 
of  construction,  two  parallel  rows  of  small 
sticks  oftimbcr  (called  iudifferentlv  sleep- 
ers, stringers  or  sills)  are  imbedded  in 
the  road,  three  or  four  feet  apart.  Plank, 
eight  feet  long  and  three  inches  thick, 
are  laid  upon  tnosc  sticks  across  them,  at 
right  angles  to  their  direction.  A  side 
track  of  earth,  to  turn  out  upon,  is  care- 
fully graded.  Deep  ditches  are  dug  on 
each  side,  to  insure  perfect  drainage ;  and 
thus  is  formed  a  plank  road. 

Laying  them  out. — In  laying  out  a  plank 
road,  it  is  indispensable,  in  order  to  se- 
cure all  the  benents  which  can  be  derived 
from  it,  to  avoid  or  cut  down  all  steep 
ascents. 

A  very  short  rise  of  even  considerable 
steepness  may,  however,  bo  allowed  to 
remain,  to  save  expense ;  since  a  horse 
can,  for  a  short  time,  put  forth  extra  ex- 
ertion to  overcome  such  an  increased  re- 
sistance ;  and  the  danger  of  slipping  is 
avoided  oy  descending  upon  the  earthen 
track. 

A  double  plank  track  will  rarely  be  ne- 
cessary. 

No  one  without  experience  in  the  mat- 
ter can  credit  the  amount  of  travel  which 
one  such  track  can  accommodate.  Over 
a  single  track  near  Syracuse,  161,000 
teams  passed  in  two  years,  averaging  over 
2*20  teams  per  day,  and  during  three  days 
720  passed  daily.  The  earthen  turn-out 
track  must,  however,  be  kept  in  good  or- 
der ;  and  this  is  easy,  if  it  slope  otf  prop- 
erly to  the  ditch,  for  it  is  not  cut  with 
anv  continuous  lengthwise  ruts,  hut  is 
only  passed  over  by  the  wheels  of  tlie 
wagons  which  turn  off  from  the  track  and 
return  to  it.  They  thus  move  in  curves, 
which  would  very  rarely  exactly  hit  each 
other,  and  this  travel,  being  over  the 
earth,  t«nds  to  keep  it  in  shape  mther 
than  to  disturb  it. 

Copfrintj. — The  planks  having  been 
properly  laid,  as  has  been  directed,  should 
be  covered  over  an  inch  in  thickness  with 
very  fine  gravel  or  pehhle-*,  from  which 
all  the  stones  or  pebbles  are  to  be  raked, 
■o  as  to  leave  nothing  upon  the  surliico 


of  the  road  that  oould  be  forced  into  and 
injure  the  fibres  of  the  planks.  The  grit 
ot  the  sand  soon  penetratos  into  the  grain 
of  the  wood  and  combines  with  the  fibres 
and  the  dropping  upon  the  road  to  form 
a  hard  and  tough  covering  like  felt,  which 
greatly  protects  the  wood  from  the  wheels 
and  horses'  shoes.  Sawdust  and  tan- 
bark  have  also  been  used. 

The  road  is  now  ready  for  use. 

Laying, — ^The  planks  shoidd  be  laid 
directly  across  the  road,  at  right  angles, 
or  "square,"  to  its  Une.  The  ends  of  the 
planks  are  not  laid  evenly  to  a  line,  bnt 
project  three  or  four  inches  on  each  side 
alternately,  so  as  to  prevent  a  rut  being 
formed  %  the  side  of  the  plank  track, 
and  make  it  easier  for  loaded  wagons  to 
get  upon  it,  as  the  wheels,  instead  of 
scraping  along  the  ends  of  the  planks 
when  coming  towards  the  track  obnqucly 
afler  turning  off,  will,  on  coming  sq^aare 
against  the  edge  of  one  of  those  project- 
ing planks,  rise  directly  upon  it.  On  the 
Canada  roads  every  three  planks  proiect 
throe  inches  on  each  side  of  the  rooa  al- 
ternatclv. 

Vurahility. — A  plank  road  may  require 
a  renewal  either  because  it  has  worn  out  at 
top  by  the  travel  upon  it,  or  because  it  has 
been  destroyed  at  the  bottom  by  rot.  But, 
if  the  rond  have  travel  enough  to  make  it 
protitjible  to  its  builders,  it  will  wear  out 
nrst,  and  if  it  does,  it  will  have  earned 
abundantly  enough  to  replace  it  twice 
over,  as  we  shall  see  presently.  The  lia- 
bility to  decay  is  therefore  a  secondary 
consideration  on  roads  of  importance. 

Dtcay. — As  to  natural  decay,  no  hem- 
lock road  has  been  in  use  long  enough  to 
determine  how  long  the  plank  can  be  pre- 
served from  rot.    Seven  years  is  perhaps 
a  fair  average.    Different  species  of  hem- 
lock vary  greatly  ;  and  upland  timber  is 
alwavs  more  durable  than  from  low  and 
wet  localities.   The  pine  roads  in  Canada 
generally  last  about  eight  years,  varying 
from  seven  to  twelve.    The  original' To- 
ronto road  was   used   chietlv  by   teams 
hauling  steamboat  wood,  and  at  the  end 
of  not  six  years  began  to  break  through 
in   places,  and  not  being  repaired,  waa 
principally  gone  at  the  end  often  years, 
llavifig  been  poorly  built,  badly  dniined, 
not  sanded,  and  no  care  bestowed   u^>on 
it,  it  indicates  the  mininiuni  of  liurubihly. 
Oak  plank  cross-walks  are  in  Detroit,  the 
plank  being  laid  flat  as  on  those  of  pine. 
It   is  believed  that  oak   plank,  well  laid, 
would  hust  at  least  twelve  or  lilteen  years. 
One  set  of  sleepers  will  outUu^t  two  pliuik- 
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edges,  beinf^  worked  into  the  copper 
groove,  may  oxclade  the  air  f^om  the  i«ur- 
lace  of  the  rod.  The  compound  cvlinder 
is  now  heated  red-hot,  ana  mbbea  briak- 
\j  over  with  the  steel  bnmisher  in  a 
loDgitodinal  direction,  whereby  the  two 
metals  get  firmly  united,  and  form  a  solid 
rod,  ready  to  be  drawn  into  wire  of  any 
requisite  fineness  and  form ;  as  flat,  half- 
roand,  fluted,  or  with  mouldings,  accord- 
ing to  the  figure  of  the  hole  in  the  draw- 
pluto.  Such  wire  is  much  used  for  mak- 
mg  bread-baskets,  toast-rockp,  snuffers, 
and  articles  combining  elegance  with 
lightnet^s  and  economy.  The  wire  must 
be  annealed  from  time  to  time  during  the 
drawing,  and  finally  cleaned,  like  the 
platen,  with  diluted  acid. 

The  greatest  improvement  made  in  this 
branch  of  manufacture,  is  the  introduc- 
tion of  silver  cd^cn,  beads,  and  mould- 
ings, instead  of  the  plated  ones,  which  from 
their  prominence  had  their  silver  >urfacc 
speedily  worn  off,  and  thus  assumed  a 
brasHy  look.  The  silver  destined  to  form 
the  ornamental  edgings  is  laminated  ex- 
oeedinffly  thin ;  a  square  inch  sometimes 
weighing  no  more  than  10  or  12  grains. 
This  is  too  fnurile  to  bear  the  action  of 
the  opposite  steel  dies  of  the  swacre  above 
described.  It  is  necessary,  therefore, 
that  the  sunk  part  of  the  aic  should  be 
steel,  and  the  opposite  side  lead,  ns  was 
observed  in  the  sUimping ;  and  this  is 
the  method  now  generally  employed  to 
form  these  silver  ornaments.  Thcinside 
shell  of  this  silver  moulding  is  filled  with 
soft  solder,  and  then  bent  into  the  requi- 
site form. 

The  base  of  candlesticks  is  generally 
made  in  a  die  by  the  stamp,  as  well  as 
the  neck,  the  dish  part  of  tne  nozzle  or 
eocket,  and  the  tubular  stem  or  pillar. 
The  different  parts  are  united,  some  with 
soft  and  others  with  hard  solder.  The 
branches  of  candlesticks  are  formed  in 
two  semi-cylindrical  halves,  like  the  feet 
of  tea-urns.  When  an  article  is  to  be  en- 
graved on,  an  extra  plate  of  silver  is  ap- 
plied at  the  projper  part,  while  the  plate 
IS  still  flat,  and  nxed  by  burnishing  with 
great  pressure  over  a  hot  anvil.  This  is 
a  species  of  welding. 

The  lost  finish  of  plated  goods  is  given 
by  burnishing-tools  of  bloo<istone,  fixed 
in  sheet-iron  cases,  or  hardened  steel, 
finely  polished. 

The  ingots  for  lamination  might  proba- 
bly be  plated  with  advantatro  by  the  deli- 
cate pressure  process  employed  for  silver- 
ing copper  wire. 

Much  of  the  silver  in  plated  ware  is  now 


laid  on  by  electric  deposition;  and  old 
articles  are  re-silverea  by  this  process 
which  can  not  occur  in  the  old  way.  For  a 
description  of  the  process,  see  the  article 
Elbotro-Metallurot. 

PLATE  POWDER  is  made  by  mixing 
4  oz.  of  prepared  chalk  with  1  oz.  ot 
quick-silver,  prepared  with  manna  and 
cnalk.  Or,  8  oz.  of  polisher's  putt^,  8  oz. 
of  hartshorn,  and  1  pound  of  whitmg. 

PLATINA-MOHK.  Platinum-black. 
The  following  is  Doberiener's  method  of 
making  this  powder : — 

Melt  platina  ore  with  double  its  weight 
of  zinc,  reduce  the  alloy  to  powder,  and 
treat  it  first  with  dilute  sulphnrio  acid, 
and  next  with  dilute  nitric  acid,  to  oxp^d- 
ize  and  dissolve  out  all  the  zinc,  which, 
contrary  to  one's  expectations,  is  some- 
what aifficult  to  do,  even  at  a  boiling 
heat.  The  insoluble  black-gray  powder 
contains  some  osmiuret  of  iridium,  united 
with  the  crude  plitinnm.  This  compound 
acts  like  simple  platina-black,  after  it  has 
been  purified  by  digestion  in  potash  lye, 
and  washing  with  water.  Its  oxydizing 
power  is  so  great,  as  to  transform  not 
only  the  formic  acid  into  the  carbonic, 
and  alcohol  into  vinegar,  but  even  some 
osmic  acid,  fVom  the  metallic  osmium. 
The  above  powder  explodes  by  heat  like 
gunpowder. 

When  the  j>]&\\r\h-mohr  prepared  bv 
means  of  zinc  is  moistened  witn  alcohol, 
it  becomes  incandescent,  and  emits  osmic 
acid  ;  but  if  it  bo  mixed  with  alcohol  into 
a  paste,  and  spread  upon  a  watch-glass, 
nothing  but  acetic  acid  will  be  disen- 
gaffed;  affording  an  elegant  means  of 
diffusing  the  odor  of  vinegar  in  an  apart- 
ment. 

It  is  extensively  used  in  this  country 
and  Britain,  in  the  manufacture  of  acetio 
acid. 

PLATINUM.  A  metal  of  a  white  col- 
or, exceedingly  ductile,  malleable,  and 
difficult  of  fusion.  It  is  the  heaviest  sub- 
stance known,  its  specific  gravity  being 
21.5.  It  undergoes  no  change  from  air 
or  moisture,  and  is  not  attacked  by  any 
of  the  pure  acids  ;  it  is  dissolved  by  chlo- 
rine and  nitromuriatic  acid,  and  is  oxyd- 
ized  at  hi^h  temperatures  by  pure  potas- 
sa  and  lithia.  It  is  found  to  a  small  ex- 
tent in  Georjria,  in  the  gold  recions ;  it 
has  not  yet  been  met  with  in  Califomia. 
It  exists' in  New  Grenada,  in  Brazil,  and 
in  the  Ural  mountains  of  Russia.  It  is 
usually  in  small  grains  of  a  metallic  lus- 
tre, associated  or  combined  with  palla- 


ium,  rhodium,  iridium,  and  osmium; 
nd  with  copper,  iron,   lead,    titanium, 
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ohromlam,  gold  uid  silver;   it  is  i 

UBDsllv  mlxei)  with  alluvial   eand.    ' 
psrticleii  are  Beldam  eo  largo  H  e  Bi 

KBl,  but  sometimes  luuipa  havo  1: 
XDd  of  the  aiie  of  a  haiel-niit  to 
of  a  pigeoo'K  egg.  la  l^^li,  it  wan 
discovered  in  a  tein,  OBaocialed  i 
gold,  by  BouBBingaulI,  in  the  provinc 
Alioqaia,  in  South  Aintirica.  Wbc 
perfectly  deui  eurftee  of  platinum  ia 
fienlcd  to  a  mixture  of  hydrojjon 
oiyiieD  gas,  it  has  the  extraordiiiaiy 
pertv  or  eauBiu);  them  to  combiao  s 

i/y  ^  aa  a!     C8 


po 


biehlorido  ofpliitii 

It  ia  ^norully  foiiod  asaociulcd  with 
Iridium,  osmium,  rLodium,  pillarlium, 
iron  and  topper.  By  Cir  the  greiiler  p;irt 
of  tho  plalinura  of  conimcrro  eoiucs  Irom 
thoUralmoiinlaiiia.  Onlv  n  limiteilpor- 
icKii*- 


lionofthe 


I  allonvd  hv  the  S 
tdnnKovcminciittorome  iiitolliei       ■ 
Flalinum  i*  UH-d  OHBroiii  inelul 
UB,  nnd  the   fuilowing  iB  the  iii 
wliieli  It  Ib  olitniiied  pure  t^ii  tli 
St.  J'cterBhiirgli : — 
One  iwrt  of  Ibe  ore  ia  put  In  open  pin 


B,  capahle  of  l'I 


^''"'^■l; 


m-id  n1 


to".  Thirty  of  tin 
Dpon  a  Bnnd-hnth  covrrcd  with  n  K'n't^d 
dome  with  moviihin  pimoB,  whidi  Ib  eur- 
mountcd  by  ■  vontilnlint;  thimnev  to  eiii^ 
ly  the  vniioraout  oVIheluboTHton'.  Heat 
IB  applied  Ibr  eieht  or  ten  houn.  till  no 
more  red  vapora  appear ; 


reivht  of  oitro-tniiriatie  add,  aocordiog 
otheBiioofilBKraina. 
Tte  BoluUoDB  tliua  made  are  all  add  ;  a 
ircumatsuee  esaential  to  prevent  the  iri- 
lium  Irom  preeipita^ng  with  lbs  plati- 

llowed 

off,  the  proiipitata  ia  waahed  with  eotd 
water,  dned,  and  caidned  in  cradbles  of 
pUtinum. 

TliPiTHithi'r-H'ulprsuiidlliewai'liingBare 

aftirwtir.I^lrcntcd  separately.    The  fint 

b<  e-I       tlh  of  their 

ooo    g  Ibey  let 

g      dark-par- 
I  TIB  -n  tsllized  in 

I  T  aaliipga  are 


u  coining  press,  till  the  powder  be  mueh 
eondeiiBod.  It  ia  tben  turned  out  of  tho 
mould,  and  liaked  SR  hours  in  a  porrelMin 
kiln,  alter  whiph  it  may  be  readily  fonrcd. 
if  it  he  pure,  and  may'reeeive  any  desired 
tbnn  Jroin  the  hammer.  It  coiilracta  in 
volume  fVom  1-K1h  to  1-f^lh  during  ihc 
nilduutinn.  The  coat  of  the  mauufHcture 
of  platinum  i»  fixol  by  tho  administra- 
tiou  nt  33  flmnhBthe  Hus!>ian  pound  ;  bnt 
snifTent  a  aum  ia  never  expended  upon  it. 
The  anllB  of  plallnnm  are  not  mueh  in 
use.  The  bichloride  ia  the  most  com- 
mon, and  is  nindc  by  dicesting  nitro-nm- 
rliitic  on  pintiuuni  In  alipaj  It  is  UBed  in 
_,i.... fgj.  jiotash,  aa  it  prcclp- 


.  alkali  a 


■omeof  the _ _. .. 

tling,  the  sapeniatant  liquid 
oiFinto  large  oylindriculglaB.4 
residnnm  ia  wui>hcd,  and  thi 
■Iko  decanted  off.  A.  fresh 
nitro-mnriallc  acid  U  now  p 


dccoiiipoacd.  thonah 


I.  After 


thcT 


ill  the' 


dlBappearcd.    The 


double  chloride  of  phitin urn  of  potasBinm, 
wliii'h  is  insoluble  in  alcohol.  It  is  also 
UBcd  in  thocoatinir  of  aurfaeea  with  met- 
allic platinum.  The  aolatiou  of  bivhlo- 
ride  i*  washed  over  the  snrfiice.  which  is 
then  heated  until  llie  acid  element  is 
driven  otT;  the  aurfiwe  i>  then  polished. 
Sometimes  aaolntlon  of  the  dnublr  chlo- 
ride of  Bixin  and  platinum  ia  nscd.  Three 
iniineraionB  of  the  artich^  to  be  coaled 
Kullin- :  after  eiirb  inmirrsion  the  snrliice 
IB  drie.1  nnd  poliKhed  wi'h  cbnik. 

Imilali:n  •■/  I'talinum.—IAtM  toeelher 
one  pound  of  hnv's  with  ten  ounce?  of 
line;  hut  aHbraBf.  ia  composed  of  copper 
and  zinc,  in  Ibe  proportion  of  about  thiee 


pi.o] 


OrOlOFBDIA  OF  THS  USEFUL  ARTS. 


475 


ponndfl  of  the  former  to  one  ponnd  of 
the  latter,  equal  parts  of  the  copper  and 
zino  will  produce  the  same  oompound  in 
imitation  of  platina. 

PLOUGH.  An  implement  drawn  by 
horsM  and  ^ided  by  a  driver^  by  which 
the  surface  of  the  i»oil  ]&  cut  mto  longi- 
tudinal slices,  and  suooeseively  raised  up 
and  turned  over.  The  object  of  the  ope- 
ration ifl  to  expose  a  new  surface  to  the 
action  of  the  air,  aod  to  render  it  fit  for 
receiving  the  seed,  or  for  harrowing,  or  for 
other  operations  of  agriculture.  Ploughs 
are  of  two  kinds ;  those  without  wheels, 
commonly  called  swing-ploughs,  and  those 
with  one  or  more  wheels,  called  wheel- 
ploughs.  The  essential  parts  which  oom- 
pose  both  kinds  of  plougns  arc,  the  beam 
DV  which  it  is  drawn ;  the  stilts  or  han- 
dles by  which  the  ploughman  guides  it, 
being  two  levers  connected  with  the 
beam ;  the  coulter  fixed  into  the  beam, 
by  wnich  the  furrow-slice  is  cut;  the 
sliare,  also  attached  to  the  beam,  by  which 
the  slice  is  raided  up ;  and,  finally,  the 
mould-board,  by  which  the  slice  is  turned 
over.  The  most  improved  wheel-plough  is 
the  same  implement,  with  a  wheel  attach- 
ed to  the  beam,  for  the  purpose  of  keep- 
ing the  share  at  a  uniform  distance  be- 
neath the  surface.  The  subsoil  plough, 
the  invention  of  Mr.  Smith,  of  Deanston,  in 
Stirling,  Scotland,  is  the  swing-plough  of  a 
somewhat  stronijcr  construction  than  that 
in  common  use,  but  without  the  coulter 
and  the  mould-board.  The  use  of  this 
implement  is  to  follow  the  common  plough, 
and  loosen  the  subsoil  at  the  bottom  of 
the  furrow  without  raising  it  to  the  sur- 
fiace.  The  most  improved  form  of  this 
implement  contains  a  muzzle  (the  instru- 
ment by  which  it  is  drawn),  so  contrived 
as  that  the  liorses  may  walk  on  the  firm 
soil.  The  use  of  the  subsoil-ploupli  is  one 
of  the  greatest  modem  improvements 
that  has  been  introduced  into  the  culture 
of  arable  land.  Draining-  ploutchs  are  of 
different  kinds.  The  mole-plough,  instead 
of  a  share  and  mould-board,  has  a  smidl 
iron  cylinder  attached  to  the  lower  ex- 
tremity of  the  coulter,  and  which,  being 
drawn  through  grans  liuid,  leaves  in  its 
track  a  small  opening,  which  has  been 
compared  to  the  underground  track  of  a 
mole,  and  into  which  the  water  percolates 
from  the  surface  through  the  narrow  slit 
formed  by  the  upper  part  of  the  coulter, 
and  is  thus  carried  on  to  an  onen  drain. 
The  other  kinds  of  draininff-plouirhs  cut 
out  the  soil,  raise  it  to  the  surface,  and 
turn  it  over  in  the  manner  of  the  common 
plow,  thus  leaving  a  deep  furrow,  which 


ift  commonly  farther  deepened  and  modi- 
fied by  the  snade,  and  auerwards  partial- 
ly filled  witn  stones,  draining  tiles,  or 
other  materials,  through  which  water 
may  find  its  way,  and  finally,  covered 
with  the  surface  soil.  Draini ng-ploughs, 
though,  in  theory,  promising  a  saving  of 
manual  labor,  yet,  in  practice,  are  found 
inconvenient,  from  the  number  of  horses 
required  to  work  them.  Their  use  is, 
therefore,  generally  confined  to  free, 
deep,  loamy  soils,  with  an  even  surface. 

In  no  country  is  there  a  better  test  of 
the  advancement  of  agriculture  than  in 
the  condition  of  the  ploughs,  and  the  im- 
provement in  their  shape.  Within  the 
tropics,  but  little  attention  is  paid  to  the 
use  of  the  plough,  and  in  Cuba  the  plough 
used  is  of  tne  rudest  form:  a  pointed  piece 
of  iron,  shaped  like  a  wedge,  attached  to 
a  wooden  tongue,  and  drawn  by  a  pair  of 
oxen,  without  yokes :  the  beasts  there 
bear  the  weight  of  their  burden  upon 
their  heads  {'not  necks)^  and  pull  by  their 
foreheads,  tne  rope  being  drawn  tightly 
around  the  horns.  Of  course,  the  plough 
just  described  turns  no  row,  but  merely 
roots  up  the  ground. 

There  are  ploughs  for  almost  every  situ- 
ation and  soil,  in  addition  to  several  varie- 
ties which  are  exclusively  used  for  the 
subsoil.  Some  are  for  heavy  lands,  and 
some  for  light;  some  for  stony,  and  some 
for  land  full  of  roots ;  while  several  are 
made  expressly  for  breaking  up  the  uii- 
tilled  prairies  of  the  west.  Some  ore 
fitted  for  deep,  and  some  for  shallow 
draining.  There  is  a  great  economy  in 
the  use  of  many  ploughs,  and  it  is  desira- 
ble that  every  good  farm  should  be  su{>- 
plied  with  varieties  of  this  useful  imple- 
ment. 

There  are  upwords  of  fifty  various  kinds 
of  ploughs,  such  as  cotton,  rice,  and  ihiffar 
ploughs,  two  and  four-liorsc  ploughs, 
some  ot  which  have  clevies  attached  to 
them,  thus  enabling  the  off-horse  in 
ploughing  wet  meadow  to  walk  on  the 
solid  ground,  instead  of  a  miry  fresh- 
ploughed  furrow:  they  also  answer  for 
shallow  ditching.  There  are  double 
mould-board  ploughs  and  subsoil  plouirhs, 
with  wheel  clevies  and  draft  rod.  One- 
horse  ploughs,  with  single  and  double 
mould-Doard  ;  the  latter  work  excellently 
between  the  rows  of  root  crops  and  corn, 
when  not  beyond  42  inches  apart,  as  they 
turn  the  furrow  both  ways,  thus  doing 
the  double  work  of  a  sinfflo  mould-board. 

The  plongli,  which,  ]»revious  to  1H4S, 
had  been  so  varied  in  its  construction  aa 
to  form  the  basis  of  claims  for  between 
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mallflcatioiis.     Bal  of  I  he  eleven  HppLica- 

for  roiDor  poii.ls  ofinverHion.  One  of 
the  moet  inierestins  of  this  clou  of  im- 
plementii  Is  the  comluDCiJ  plough,  remirk- 

the  lurioua  pDr|><»eii  of  )3ou)[hin^  and 

KDweptibfo  of  chun)c«  IVvm  b  mmbined 
ploafiti  inloaruUivelor,  and  nitli  devices 
for  Severn]  disnge*  even  M  «  cullivstor. 
As  I  combined  plough,  it  conNi-ls  of  u 
frame-work  of  wood  fur  eiipportiiig  the 
sUiiidards  for  Oie  clmiitreBble  reversible 
■hnrea  or  leeth,  the  outline  of  whicli  is 
of  B  rhomboiduUlinpe;  the  bottom edeCK 
of  whieli  sbnrcB  are  horizotitnl,  aui!  the 
forward  points  of  which  are  turned  to 
the  riifht  or  left,  inwfiTd  or  outward,  ao- 
oordiiiK  to  the  direction  In 


rough  Ih 


_..   .....iR  plough, 

it  has  an  Bdmslahlc  land^ide   to  be  ot- 

ploufih  and  prevent  it  from  running  to 
the  right  or  left,  at  it  might  otherwise 
do.    Wlieti  the  instrumont  ih  to  be  used 


outwBril.      tVlicn  the  teeth  lisve   been 

quired  to  use  (lie  im-tminent  a*  a  rollL-r, 
<»■  OS  ■  substituie  for  the  burrnw,  for 
covering  in  or  pruning  down  Ihegmin, 
tbo  totiguc  is  reversed,  and  the  instru- 
ment hecotnes  s  xiibMilule  for  the  roller. 
Although  this  inslmuient  poiisesses  a 
gTMt  variety  of  chanfccs  and  Bdjuitnicnta, 
only  ■  limited  claim  could  be  granted  for 


tollie  plough  for  ploughing  among  corn; 

ing  a  rroBS-beani  fastened  near  the  for- 
ward end  of  the  beam,  end  two  cultivo- 


tor  teeth  projeoting  downward  from  the 
ends  of  the  ctOfS-TieiiUi,  for  the  purpon* 
of  tearing  up  and  loosening  llie  soil. 
Between  tliis  ct»!u>-bcani  and  tha  plough, 

an. I  I    ■-'  ■  r;  .      -V.  ,■  i.mtI  of  the 


iBi  :■'  I  .1  --irlii  of  wuo<l  or  metal  ollvd  a 
gu  III,  li...  L.l.jecl  of  which  is  toprtvent 
Ih.  1 1-.  ij,:,-',ea  of  eiinh  thrown  np  bj 
th.  I  ;  ii.'li  iriiui  falling  upon  the  vuooi 
pl.ll,!^.  Tiii-Zurrwiruon/iB  so  elevated 
as  Til  111-  iiliovc  tlje  ordinary  level  of  a 

to  .(-i-i-r  i\,  ils  adaptation  to  ploughing 

as  1.1  (■.■  Ii;jlile  10  Iw  uivered  up  by  the 
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tamed  over  at  an  angle  of  45^,  and  the 
depth  of  the  furrow-slice  should  he  two- 
thirds  of  its  width :  thus,  a  furrow  6  in- 
ches deep  should  he  9  inches  wide,  or  if 

8  inches  deep,  12  inches  wide.  This 
allows  the  furrows  to  lie  equally  and 
evenly.  If  the  suhsoil  he  similar  to  the 
surface,  or  he  not  too  lieht,  ploughing 
can  hardly  be  carried  too  aeep— genentlly 
12  inches,  for  the  usual  tillage  crops,  is  a 
depth  to  which  the  plough  may  be  gra- 
dually carried.  For  gardens  it  may  be 
carried  to  15  or  18  inches.  Whatever  is 
the  depth  of  the  surface  soil,  the  plough 
ought  to  turn  it  up  completely ;  ana,  what 
ifl  beyond  that,  may  be  loosened  by  the 
subsoil  plough.  The  cultivator  is  used 
very  often  in  this  country  as  a  substitute 
for  the  plough.  Even  with  the  most  re- 
cent improvement  in  this  instrument, 
any  quantity  of  land  ploughed  is  a  groat 
tax  on  the  strength  of  animals.  Thus,  a 
pair  of  bornes  may  plough  three-fourths 
of  an  acre  of  li^ht  soil  per  day,  and  one- 
half  of  stiff  soil.    If  the  furrow-slide  is 

9  inches,  an  acre  is  11  miles  of  furrows, 
without  turning,  equal  to  another  mile ; 
for  there  are  6,272,640  square  inches  in 
an  acre,  and  77,440  squares  of  9  inches  in 
an  acre,  and  this,  by  7040,  the  number  of 
9  inches  in  a  mile,  goes  11  times.  If  the 
slide  were  10  inches,  the  plough  would 
travel  9*9  miles,  and  if  8  inches,  12-875 
miles.  Ploughing  is,  therefore,  severe 
labor  for  men  and  horses.  In  spade 
culture,   if  a  man  turn   over  7    inches 

each  time,  or  49  square  inches,  !i?!"'?15. 

the  amount  is  equal  to  128,0<)0  spades,  to 
be  turned  in  an  acre. 

PLUMBAGO,  or  GRAPHITE,  is  some- 
times found  in  thin,  irregular,  six-sided 
tables ;  but  more  generully  in  scales,  or 
compact.  Specific  li^ravity  2.  It  consiists 
of  carbon  96,  and  iron  4.  Its  most  re- 
markable depository  is  at  Borrowdule,  in 
Cumberland,  where  it  exists  in  a  bed  of 
trap.  The  chief  employment  of  plum- 
bago is  in  manufucturiiig  pencils  and 
crucibles  ;  the  latter  particulurly,  for  the 
mint.  It  is  also  used  fur  giving  a  gloss 
to  iron  stoves  and  railings,  and  for  di- 
minishing friction.  It  is  also  used  as  a 
coating  in  electro- metallurgy. 

It  occurs  crystallized  in  the  limestone 
of  Orange,  co.  N,  Y.,  and  Sussex,  oo. 
N.  J.,  and  exists  in  large  fibrous  masses 
near  Roarer's  Rook,  on  C  Georj^e,  N.  Y. : 
but  its  only  valntihlo  loc.ility  in  the  United 
States  is  at  Stoiirhrldfrc,  in  Worcester, 
CO.  Mas-*.,  where  it  forms  veins  in  L'lieiss 
about  one  foot  wide.     It  was  worked  for- 


merly by  the  French,  was  then  neglected, 
and  baa  recently  been  reopened. 

PLUSH  is  a  textile  fabric,  having  a 
Bort  of  velvet  nap  or  shag  upon  one  side. 
It  is  composed  regularly  ox  a  woof  of  a 
single  woollen  thread,  and  a  two-fold 
warp,  the  one,  wool  of  two  threads 
twisted,  the  other,  goat^s  or  camePs  hair. 
There  are  also  several  sorts  of  plush 
made  entirely  of  wonted.  It  is  manu- 
factured, like  velvet,  in  a  loom  with  three 
treadles ;  two  of  which  separate  and  de- 
press the  woollen  warp,  and  the  third 
raises  the  hair- warp,  whereupon  the 
weaver,  throwing  the  shuttle,  passes  the 
woof  between  the  woollen  ana  nair  warp ; 
afterwards,  laving  a  brass  broach  or 
needle  under  that  of  the  hur,  he  cute  it 
with  a  knife  destined  for  that  use,  run- 
ning ite  fine  slender  point  along  in  the 
hollow  of  the  guide-broach,  to  the  end 
of  a  piece  extended  upon  a  table.  Thus 
the  surface  of  the  plush  receives  its  vel- 
vety appearance.  This  stufiT  is  also  made 
of  cotton  and  silk. 

POINT  NET.    (See  Lace.) 

POLISHING  METALS.  The  work- 
men commence  by  preparing  the  sur- 
faces of  the  articles  ;  that  is  to  say,  it  is 
of  importance  to  remove  all  the  marks 
left  by  the  file,  the  turning  tool,  the 
scraper,  <&c.,  in  order  to  render  the  sur- 
faces uniform. 

This  preparation  is  effected  on  those 
mcteds,  which  are  not  very  hard,  by 
means  of  pumice-stone,  either  used  in 
substance  or  reduced  to  powder  and 
water;  and  when  in  powder  applied 
upon  felt,  or  upon  slips  of  soft  wood, 
covered  with  buffalo  or  chamois  skin,  if 
the  surfaces  be  flat;  or  with  pieces  of 
soft  wood  properly  shap^ed,  so  as  to  pene- 
trate into  the  hollows,  and  act  upon  the 
raised  parts.  When  the  first  coarse 
marks  are  thus  removed,  they  then  pro- 
ceed to  remove  those  left  by  tne  pumice- 
stone.  In  order  to  do  this,  they  employ 
finely  powdered  pumice-stone,  wnich 
they  gnnd  up  with  olive-oil,  and  employ 
it  upon  felt,  or  upon  small  pieces  of  soft 
wood,  such  as  that  of  the  willow  or  sal- 
low. It  is  important,  in  these  manipula- 
tions, to  observe  an  important  rule, 
whicn  is  never  to  proceed  trom  one  ope- 
ration to  another,  before  previously  wash- 
ing the  pieces  of  work  \»ell  with  soap 
and  water,  by  means  of  a  brush,  in  order 
entirely  to  remove  the  pninice-stone, 
used  with  water,  before  employinir  it  witn 
oil,  and  likewise  never  to  use  tliosu  tools 
for  hiRveediiiir  operations,  which  had 
been  used  in  preceding  ones ;  each  stage 
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of  the  openitjon  reqaiiiiig  particntu-  toolti, 
dcd  wbicli  Hhoald  be  kept  in  closed 
boxes,  in  ord«r  to  provect  tbe  powders 
being  dilfuaed  or  ecottfirod  about  wben 

After  removing  the  morka  left  by  the 
ooante  pumice -atone  and  water,  by  means 
of  flnelv-groundud  pumice-atone  Mid  oil : 
lo  know  whiob,  ve  eliould  wasli  it  with 
■oap  and  trater,  snd  dry  itiveti  villi  a 
linen  cloth:  we  most  tben  Bxamioe  it 
with  a  lens  or  msgnifjing-glasa,  to  see 
whether  imy  scratehes  yet  remain;  if 
not  we  may  proceed  to  the  polisitinit^ 
The  softer  inetds  are  polLhedin  ditl'er- 
ent  manners,  according  to  their  aiieaod 
uBca;  tlie  larger  (lold  works  arc,  however, 
gcoe rally    bnmiahed,    but    the    smaller 

fold  works  in  jewelrj-,  Ac.,  and  those  in 
raas  for  watoli -work,  arc  not  burnished, 
but  poUslied.  The  following  are  manipu- 
lations : — After  having  removed  with 
oil-stona  powder  the  marks  of  the  file, 
Ac.  thoj  smooth  them  with  blue  and 

are  two  kiiiUa  of^Llieae  etonca,  tlie  one 
Bolt  and  the  other  hard  :  tlic  tirst  argil- 
laceous schislua,  the  second  kind  flcliicto 
coticulo;  this  serves  to    sharpen  tools 

Zn.  Tim  pieces  of  watch-work  are 
«yt  amoolbeued  in  this  manner, 
until  all  the  marks  diaappeur,  and  which 
is  kuown  by  waslimg  them  with  soap 
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able  to  any  other  eort,  and  is  cither  fii 


„  to  the  different ,.. 

gold  work,  or  tho  larger  kinds  of  jt .  _. 
ty  arlielea,  and  until  they  perci'ire 
their  BurliicM  ore  Iwcome  jicrfectlv  bril- 
liant :  tliuy  then  flnisli  thciii  with  tri|'ili. 
reduced  lo  nn  impalpalilo  powder,  and 
■■   •  vervsoftbn^ 


3iun;f  fl;d;ii  li;:;;;^;!;  dr^Von;;.;^;;;;;;: 

This  rulten-sloiie  ia  u  kind  of  vprv 
liglit  tripoli.  bat  tiucr  and  more  frinbfe 
than  tho  otiicr  sons.  It  is  found  in  Kuc- 
laiid,  and  ia  hiiihlv-  eate>'ined  for  1.oli^>ll•- 


The  substaDces  above  indicated  for 
polishing  other  metals  are  not  powerful 
enough  to  attack  a  substance  so  bard  aa 
thiB._  We  niujl  ciL.ploV  cuiirj  ^ound 
no.,     ■'■"^'■^   '™  ■   |,^^;''^,^^"^^J 


'    fi.<','i 


qnentlv,    tlio  lapidarv^s    mm  la    tiaed. 
They  Cmrin  m..-  li  smoothing  tho  work 

finer  ei    .  ■      -li   \vith  the  finest 

Tho   ar  I.      ,:    pcrfteled,    they 

iKiliah  ii'uge,  tntoiida 

of    iro.  .1    tiiiiaiy  finish    it 

with  pi  '  ^ide  of  lint  and 


aiU  oflcaa 
id,  properly 


1      thL- 


ner.  Th"  iiuL=h  ui  Sheliield  ii>  ctTcclcd 
witn  th<  female  hood. 

PnlMing  Jrory,  Sanr,  ffom.  and  Tor- 
liHtt-ihttl.  Ivory  and  bone,  either  plain 
or  ornamented  ;  and  ivory  or  bone  ani- 
etea  adniil  of  being  turned  very  aniooth, 
or,  wlien  filed,  mnv  afterwards  be  acrap- 
cd,  so  us  lo  present  a  good  surface.  They 
nmv  be  polished  bv  rubbing  them  first 
willi  fine  iflaas  paper,  and  then  with  a 
pie™  of  wet  linen  doth  dipped  in  pow- 
dered pumice-stone;  this  will  give  a 
very  flue  anrfnce.  and  the  final  polish 
may  be  produced  by  washed  ehalt.  or 
fine  whiling  applied  upon  another  piero 
of  cloth  wetted  with  soim-suda. 

Ihi-nand   T'liviit-ihelL    A  vcr; 


'.'t"lceai:e"oi 


fr  the, 


1  shonld  b«  nibbed 
ing  the  blade  near- 
ly U7.riirht  all  the  while,  ao  aa  lo  form  an 
tdro  like  that  of  a  eurrier's  knife:  and 
which,  like  it.  may  he  slmrpened  and  im- 
proveil  by  bumiiiliinit,  at  leai>t  as  for  aa 
\it  lioriliiess  will  permit.  To  tirepari'  tho 
work,  when  projierlv  aeraped  for  polish- 
in:.  It  Is  flrnt  to  be  mbbodwith  a  buff, 
iniide  of  woollen  eloth,  perfevily  free 
fniai  grfaae.  After  the  work  has  been 
iniidc  aa  smnolli  an  nosailile  bv  This 
nicnns,  it  must  he  followed  hv  another 
huff.ir  bid),  on  whirh  wiiohcil  chalk  or 
ilrv  whicinii  ia  rubbed ;  the  comb,  or 
L>tfier  atLi.-lc.  is  to  he  silL-hHv  moislcned 
with  vliicCTr,  and  the  buff  and  whiiing 
will  produce  a  Hue  gloss,  which  may  l» 


pot] 
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completed  by  rubbing  it  with  the  palm  of 
the  hand,  and  a  small  portion  of  dry  whit- 
ing or  rotten-Btone. 

Polishing  Iran^  Brass^  dkc.  A  beaati- 
ful  surface  is  produced  upon  cast-iron, 
Bteol,  and  brass-worlds,  by  means  of 
emery  sticks,  and  others  coated  with 
crocus.  Mix  drying  linseed-oil,  in  the 
proportion  of  one-eighth  part  with 
glue,  and  coat  the  surmces  ot  pieces  of 
Bott  yellow  pine,  fir,  or  deal,  without 
turpentine  or  knots,  which  are  about 
eignt  inches  long,  and  five-eighths  of 
an  inch  square,  and  nicely  planed.  Lay 
on  a  coat  of  thin  glue,  and  when  that  is 
dry,  another  composed  of  glue  mixed 
with  the  emery  or  crocus,  and  then  in- 
stantly sift  over  the  wet  surface  the 
emery  or  crocus  in  powder,  by  means  of 
a  sieve.  Emery  is  employed  of  differ- 
ent degrees  of  fineness,  and  sticks  thus 
coated  with  each  may  be  used  in  suc- 
cession, to  smooth  the  work ;  and, 
lastly,  sticks  coated  with  glue  and  crocus 
are  used  to  give  the  finishing  poliwh. 
Such  emery  and  crocus  sticks  are  very 
durable,  aud  are  equally  useful  on  works 
in  the  lathe,  as  well  as  upon  fiat  surfaces ; 
are  superior  to  the  glass  or  emery  papers 
ordinarily  used;  and  greatly  to  emery 
mixed  with  oil,  and  applied  upon  stick's 
in  the  common  way. 

Hindoo  Polish.  Powdered  corundum 
with  melt  lac  is  used  to  polish  all  stones, 
first  sprinkling  them  with  water. 

German  Polish.  The  wood  is  pre- 
jmred  with  pumice-atone  rubbed  flat, 
oiled,  and  tlien  rubbed  together  till 
smooth.  The  only  varnish  then  used  is 
a  solution  of  seed-lac  or  shell-lac  in 
alcohol,  the  clearest  grains  of  lac  being 
for  the  lightest  varnish.  It  is  colored 
red  with  Brazil  wood,  and  yellow  by  tur- 
meric root.  It  is  applied  with  a  rubber 
of  five  pieces  of  linen  ;  the  varnish  is  laid 
on  witn  a  sponc^e.  and  when  soaked, 
linseed-oil  is  added,  and  the  whole  gone 
over  with  a  rubber. 

POPLIN.  Amonsr  the  varieties  of  wo- 
ven goods  in  which  silk  and  worsted  or  silk 
and  woollen  are  used  in  combination, 
poplin  is  one  of  the  best  and  moat  es- 
teemed. Tahinet  is  one  form  of  the  ma- 
terial, and  Ireland  has  been  distinguished 
for  the  excellence  of  its  poplins  and  ta- 
biucts.  The  demand  is  now  small,  ns 
other  kinds  of  textile  fabrics  hnvo  latclv 
been  more  in  favor;  but  the  rich  Iri^ll 
Poplins  and  Tabinets,  thouffh  CTn])lov- 
ing  only  a  small  number  of  persons  in 
their  manufacture,  maintain  their  high 
obaracter. 


POPPY.  Sm  Ofidm. 

PORPH  YKY.  is  a  compound  rock,  hav- 
ing a  basis  in  which  the  other  contempo- 
raneous constituent  parts  are  imbedded. 
The  base  is  sometimes  claystone,  some- 
times hornstone,  sometimes  compact  feld- 
spar, jade,  pitchstone,  pearlatone,  and 
oosidian.  The  feldspar  paste  ia  moat  fre- 
quent. The  imbedded  porta  are  common- 
ly feldspar  and  quartz ;  the  former  in  more 
or  less  distinct  crystals.  There  are  por- 
phyries of  different  ages.  One  variety  is 
found  graduating  into  granite  and  gneisa ; 
but  this  does  not  possess  the  characteris- 
tics of  the  rock  in  the  highest  perfection : 
another  is  found  in  overlying  strata,  ana 
unconformable  to  other  rocks,  which  is 
the  true  porphyir.  Its  color  is  of  the  red 
or  green,  and,  when  polished,  is  valuable 
for  ornamental  work. 

PORTLAND  POWDER,  once  consid- 
ered a  specific  for  the  gout,  is  made  of 
equal  parts  powdered  and  mixed  of  the 
roots  of  gentian  and  birthwort,  the  tops 
and  leaves  of  germander,  ground  pine 
and  lessor  centaury. 

PORTLAND  STONE.  An  oolitic  form- 
ation found  in  Dorsetshire,£n^land,  used 
in  building,  but  it  is  a  stone  which  readi- 
ly decavs. 

POTASH,  or  POTASSA.  This  sub- 
st-ance  was  so  named  from  being  prepared 
for  commercial  purposes  by  evaporatmg  in 
iron  pots  the  lixivium  of  the  ashes  of 
wood  fuel.  In  the  crude  state  called  pot- 
ashes, it  consists,  therefore,  of  such  consti- 
tuents of  burned  vegetables  as  are  very 
soluble  in  water,  and  fixed  in  the  fire.  The 
potash  salts  of  plants  which  originally  con- 
tained vegetable  acids,  will  be  converted 
into  carbonates,  the  sulphates  will  become 
sulphites,  sulnhurets,  or  even  carbonates, 
according  to  trie  manner  of  incineration; 
the  nltmtes  will  be  changed  into  pure  car- 
bonates, while  the  nmriates  or  chlorides 
will  remain  unaltered.  Should  quicklime  be 
added  to  the  solution  of  the  ashes,  a  corres- 
ponding portion  of  caustic  potaasawill  be 
introduced  into  the  product,  with  more  or 
leaslirne,  according  to  the  care  taken  in 
dccantinjf  off  the  clear  ley  for  evaporation. 

On  this  continent,  wliere  timber  is  in 
many  places  an  incumbrance  upon  the 
soil,  it  IS  felled,  piled  up  in  pyramids,  and 
burned,  solely  with  a  view  to  the  manu- 
facture of  potashes.  The  ashes  are  put 
into  wooden  cisterns,  having  a  plujr  at  the 
bottom  of  one  of  the  sides  under  a  fahe 
bottom  ;  a  moderate  quantity  of  water  is 
then  poured  on  the  mass,  and  some  quick- 
lime IS  stirred  in.  After  standing  for  a 
few  hours,  so  as  to  take  up  the  soluble 
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tiuttar,  the  dwr  llijnor  li  dravD  off,  avk- 

rraled  to  dryii«H  in  irOD  poU,  mil  final- 
fiiaed  kt  ft  red  beat  inlocompict  imbb- 
n,  wliicb  ire  ^rsf  aa  tba  ouuide,  uid 
pink-colored  wilbio. 

Pcariwh  is  prepured  bj  (■Icinin^  pot- 
whes  upon  kreverbetstoryheiirth,  tiJi  the 
—i— 1b  ou-bon»ceuus  iiimtter,  mud  the  great- 
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r  put  of  tbe  sulpbur 


ovored  with  M 


tntowUile  lumpy  erHnuiations. 

Tbe  bext  pink  CunBdiun  potashiB 
tain  pretty  unifomily  60  per  cent,  ol 


Bocculent  th 


He'rhuce- 


uid  Ihesfl  tlisn  trees  ;  »ud  for  a  like  r««- 
Bon,  twigs  »nd  lenveBBremoreproducliso 
thao  liuiber.  But  plants  in  nil  ciistH  are 
lichegt  in  ilkdine  I'Blti'  wlipn  lliej  iiave 
arrived  at  mBturity.  The  Roil  in  wliieli 
they  grow  also  influences  tlie  quantity  of 
adine  malts  r. 

The  following  TiBLE  eiliHiit"  the  aver- 
age product  in  potusauofsoveral  pimits: — 

Pine  TS, .""^ 

Fofiiu 0-:5 


Stalkn  of  t«b«M>>,  potatoea,  cbwtQQta, 

ahenttiutbuBke,  broom,  heath,  furi«,tanay, 
sorrel,  vine  leaves,  heet  leave*,  otBch,  anJ 
many    other  plants,  aboand   in    potaah 


leutnJ  saitB  which  debase 

veil  qnantity  of  that  snb- 

,n  pot.  let  one  nud  a  half 

i|  water  be  ponred,  and 

1m  applied  far  a  short 

whale  hm  wain  cooled, 

incruntcd  with  the  sails, 

f  neuHv  pure  carbonale 

found  uoating 


JO  aftcrit 


"■byasypbon 


mrboriie  srad  to  the  lime, 
^d  lliiivlum  be  now-v- 
jiirenlraled  by  boiling  ir 


■  mu-t  bo  had 


pure.  Thi!  bioarbonute  having  been  gently 
igmicd  in  a  silver  l)iam,  Is  to  be  disBolved 
in  6  times  ilB  weight  of  water,  and  Ihe 
Bolutiou  IB  10  bo  boiled  for  an  bonr,  along 
with  one  pound  of  plaked  lime  for  every 
l«und    of  the    bicarbonate  used.      The 

tni'tofair.  Tlic  Hnpeniutant  Icy  is  to  be 
drawn  olf  by  n  syphon,  and  evaporated 
in  an  iron  or  silver  vosel  provided  with 


ajK, 


n,  till  it 


f 
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in  a  rodhot  deep  crucible.  When  a  mix- 
ture of  2  parts  of  tartrate  of  potasaa,  or 
crystals  or  tartar,  and  1  of  nitre,  is  defla- 
grated, j)ure  carbonate  of  potassa  remains 
mixed  with  charcoal,  which  by  lixiviation, 
and  the  agency  of  quicklime,  will  afford 
a  pure  hydrate.  Crys»tala  of  tartar  calcin- 
ea  alone  yield  also  a  pure  carbonate. 

Caustic  potassa  may  bo  crystallized ; 
but  in  general  it  occurs  as  a  w&ite  brittle 
substance  of  spec.  grav.  1.708,  which 
melts  at  a  red  heat,  evaporates  at  a  white 
heat,  deliquesces  into  a  liquid  in  the  air, 
and  attracts  carbonic  acia  ;  is  soluble  in 
water  and  alcohol,  forni.^  8ot\  soups  with 
fat  oils,  and  soapy-looking  compounds 
with  resins  and  wax ;  dissolves  sulphur, 
some  metallic  sulphurets,  as  those  of 
antimony,  arsenic,  &c.,  as  also  silica, 
alumina,  and  certain  other  ba^cs ;  and 
deconi  poses  nnimal  textures,  as  hair, wool, 
silk,  horn,  skin,  Ac.  It  should  never  be 
touched  with  the  tongue  or  the  fingers. 

The  onljy^  certain  way  of  determining 
the  quantity  of  free  potassa  in  any  solid 
or  liquid,  is  from  the  quantity  of  a  dilute 
acid  of  known  strength  which  it  can  sa- 
turate. 

The  hydrate  of  potassa^  or  its  ley,  often 
contains  a  notable  quantity  of  carbonate, 
the  presence  of  which  may  be  detected  by 
lime  water,  and  its  amount  be  ascertained 
by  the  loss  of  weight  which  it  suiters, 
when  weighed  portion  of  the  lev  is  pour- 
ed into  a  weighed  portion  of  dilute  sul- 
phuric acid  poised  in  the  scale  of  a  balance. 
Carbonate  of  potassa  is  composed  of  48 
parts  of  bane,  and  22  of  acid,  nccording 
to  most  Britfth  authorities ;  or,  in  100 
parts,  of  t)8-57  and  31-48;  but  according 
to  Bcrzelius,  of  68-09  and  31-91. 

Carbonate  of  potxissa,  as  it  exists  asso- 
ciated with  carbon  in  cak-ined  tartar, 
passes  very  readily  into  the  BicarlmiaU\,on 
oeing  moistened  with  water,  and  having 
a  current  of  carbonic  acid  giis  j>assed 
through  it.  The  absorption  takes  j>laco. 
80  rapidly,  that  the  mass  become^  hot,  and 
therefore  ought  to  be  surrounded  with 
cold  water.  The  salt  sliould  then  be  dis- 
solved in  the  smallest  qunntitv  of  water 
at  120°  F.,  filtered,  and  crystaflized. 

The  exi»orts  of  p«»tiish  for  the  years 
1847^8  wa*— in  1h47,  618,uoo  dollars; 
in  1848,  4<ir.,477.  Tiic  quantity  in  value 
which  cjime  to  the  Ilutlson  River,  on  all 
the  canals,  was — in  ls4»),  aslies,  barrels, 
4«J,<12,  value,  l,(C0,,'j'»4  ;  in  Is-IY,  ilsIks, 
barrels.  37.r)38,  value,  l,l:r),2s^. 

POTATO.  The  tubers  of  tlie  Soln- 
num  tuf>erofinm. — The  potato,  \vhi<h  is  at 
present  to  l>e  met  with   evi-rvw  Iutt*   in 


Europe,  and  forms  the  principal  port 
of  the  food  of  a  large  proportion  ot  its 
inhabitants,  was  entirely  unknown  in 
that  quarter  of  the  world  till  the  latter 
part  of  the  16th  century.  It  is  a  native 
of  America ;  but  whether  of  both  di- 
visions of  this  continent  is  doubtful. 
Some  authors  affirm  that  it  was  first  intro- 
duced into  Europe  bj' Sir  John  Hawkins, 
in  1545;  others  tliat  it  was  introduced  by 
Sir  Francis  Drake,  in  1678  ;  and  others, 
again,  that  it  was  for  the  first  titne  brought 
to  England  IVom  Virginia  by  Sir  Walter 
Kaleigh,  in  1586.  But  this  discrepancy 
seems  to  have  arisen  fW)m  confounding 
the  common  or  Virginian  potato  (the 
Solarium  tuberosvm  of  Linnrous)  with  the 
sweet  potato  {Convolvulus  baitatuif):  The 
latter  was  introduced  into  Europe  long 
before  the  forincr,  and  it  seems  most 
probable  that  it  was  the  species  brought 
from  New  Grenada  by  Hawkins.  Sweet 
potatoes  require  a  warm  climate,  and  do 
not  succeed  in  England ;  they  were,  how- 
ever, introduced  there  in  considerable 
quartities,  during  the  16th  century,  from 
Spain  and  the  Canaries,  and  were  sup- 
posed to  have  some  rather  peculiar  prop- 
erties. The  kissing  comfits  of  Fmstalf, 
and  such   like  confections,  were  princi- 

{•ally  made  of  battatas  ana  eringo  roots. 
*otatoes  were  at  first  cultivated  by  a  very 
few,  and  were  looked  upon  as  a  irreat 
delicacy.  In  a  manuseript  acvouut  of  the 
household  expenses  of  Queen  Anne, 
wife  of  James  1.,  who  died  in  1618,  and 
which  is  supposed  to  have  been  written 
in  1013,  the  purchase  of  a  small  quantity 
of  potatoes  is  mentioned  at  tlie  price  of 
2j».  a  pound.  Previously,  however,  to 
1G84,  they  were  raised  only  in  tlie  trar- 
dens  of  tlie  nobility  and  gentiy  ;  but  in 
that  year  they  were  planted  for  the  first 
time,  in  the  open  fields  in  Laiieashire — a 
county  in  which  they  have  long  been 
very  extensively  cultivated. 

Potatoes,  it  is  commonly  thouerht,  were 
not  introduced  into  Ireland  till  IGIO, 
when  a  small  (juantity  was  sent  by  Sir 
Walter  Kalei^li  to  be  T)lanted  in  a  lmhIcu 
in  his  estate  in  the  vicinity  of  Vou-j'lial. 
Their  cultivation  extendt^d  far  more  nadi- 
ly  than  in  Entrland  ;  and  have  h<U'j  fur- 
nished from  t]iree-fit\hs  to  four  Ht> lis  of 
the  entire  food  of  the  people  of  Inland  ! 
Tin- extension  ot'tlu-  [)oiato  cultivation 
lias  been  j»artii-ularly  rapid  duriui'-  the 
last  fortv  Years.  The  oiiantitv  that  io 
now  raided  in  Seotlaiid  is  siij>]M.sed  to  bo 
from  lo  lo  I'J  time''  ns  i^reat  as  the  (|U;in- 
tlty  r;ii>ed  in  it  at  the  end  ot"  the  Ameri- 
can war  •  and  tlwuij^h  the  increase 
I 
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Eoglitnd  hn  not  been  iicaiiy  to  great  an  :  poUUs  and  which  It  might  be  lueftd  t 

In  Suutlniid,  It  liiw  bccii  grciitvr  thiiD  M      mlroilufe   Inio  cultivation.      It    is    no 

■Qj  previniin  period  ot  e<[iial  daralioD. 

Tlie  nicTtnnr  tlirougli  Europg  bus  been 

^iniUr.    I'olni<K.'B  arc  now  veir  lai>c«1y 

enitivntcit  iu  Franco,  Italy,  uid  (ivnn*- 

ny  ;  and,  wilh  tlie  execuliouof  tlio  lri«li, 

the  Sviss  bave  become  their  great«pt  cun- 

■unicra.      They    were    iulroduceil    into 

India  some  aixly  or  seventy  vcare  ago ; 

and  ore  now  aiicccHBl'ully  eiillivateil  io 

BoiichI,  and  have  been  Introiluecd  into 

the  Sfailrn*  |jroi-incc»,  Java,  the  Plillip- 

C'ne:>,  and  L'biiui.    Biitllio  common  jio- 

unlc-'H  it  be  raised  at  atieli'vatiun  uf  ^uou 
or  4»'!0  t'L-L-t  above  the  level  of  Ibe  sen,  so 
that  it  enn  never  coino  into  veiy  Keneral 
"n  these  Tv^ions.    This,"  "  ' 
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has  also  been  inlrodueei 

Alia;  ODd  with  snch  sue 

readv  fbrms  a  consideruble  porlio 

the  food  of  tiio  pea|i]e  uf  Java,  audi 

other  muntries.    So  ni|>id  an  cxtci 

oTtlio  luste  tor,  anil  tbc  ci>hivati»ii  r 
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grown  in  Europe,  for  fi>nd. 

I'oUtuu  are  not  as  iniieli  i»ed  m  this 
eonntiy  B>in  Europe,  yet  the  cri  i]'*  rai^Al 
over  the  whole  contilri'  appear  to  be  verj 
great.  I'nlatuFS  sn  BTtiwn  mors  abno- 
a»ulJv  ill  1'aQa.ln  anil  llie  NortliemSlale^ 
Ihan  111  i]lu  Midille  and  Soatheni  Staler 
The  proJiirc  Uierc  Is  idiiQ  enateT,  bat  the 
tubers  un:  mure  guhjeM  lo  the  rot.  In 
Hiuue  pnliilnet  ore  raised  la>;gelT  for 
expurt.  The  entimiite  of  the  potala  crop 
in  lS4ii  over  Sa  States  wan  equal  f 
lIMrs.iliU  bushels,  uf  w^^-'-  •'-  "— 
of  Koiv  Viirk  i,ru«v  ^7,1" 
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"bottom  of  the  tub,  must  be  repentedly 
wixshed,  to  clear  it  of  the  ncid  substance 
with  which  it  ih  impregnated.^ 

It  can  be  converted  mto  a  jelly,  in  the 
same  manner  as  arrow-root.  For  that 
purpose,  it  must  be  raoisteued  with  cold 
water,  tnen  put  into  a  bowl^  and  boiling 
water  gra<luallv  poured  on  it,  constantly 
stirring  it  with  a  spoon,  for  a  few  min- 
utes, till  the  jelly  is  formed.  It  will  bo 
improved  by  a  little  salt,  or  a  little  sugar, 
before  the  foiling  water  is  poured  on  it. 
A  wholesome  and  nourishing  food  is 
thus  produced,  which,  with  the  addition 
of  n  little  milk  is  extremely  palatable. 

The  Quantity  of  flour,  or  starch,  in  a 
potato  differs  considerably,  according  to 
the  sort,  and  the  season.  It  varies  from 
ft  fourth  to  a  seventh  part  of  the  weisrht 
of  the  root.  In  regard  to  the  fibrous 
part,  it  is  a  most  valuable  article  of  food, 
whether  dried  for  horses,  or  boiled  for 
cows  andpigs. 

POTATO  STARCH  may  be  roughly 
made  thus :  Pii^a  pound  and  a  quarter  of 
potatoes,  grated  through  a  common  tin 
bread  grater,  into  a  pan  of  water,  and 
stir  with  a  wooden  spoon,  and  as  soon  as 
the  pulpy  matter  has  subsided,  the  dis- 
colored water  is  poured  ofl*,  and  clean 
water  added,  and  the  mass  again  stirred 
up.  When  it  liaa  settled  a  second  time, 
the  water  is  poured  off  by  a  gentle  incli- 
nation of  the  vessel,  and  the  process  re- 
{)eatcd  till  the  water  i>asscd  off  is  color- 
ess.  Three  washings  are  sutiicicnt.  The 
residue  is  turned  out  of  the  pan,  and 
dried  in  the  air,  and  it  produces  four 
ounces  of  very  fine  white  flour,  or  one- 
flflh  of  the  original  weight  of  the  pota- 
toes. It  may  be  used  as  a  substitute  for 
arrow-root,  for  years.  A  bread-grater  is 
the  only  instrument  necessary. 

Potato  jUtur^  and  Arrow-r<H>t  flour. — 
Potato  flour  may  he  known  from  arrow- 
root flour,  by  fubbincr  a  little  of  it  be- 
tween the  finL'cr  and  thumb,  when  it  will 
be  observed  that  the  potato  flour  is  softer 
to  the  touchy  and  more  shining  to  the 
sights  than  arrow-root. 

Size/rom  I*ot*it«xM. — Stnrch  of  yiotatoes, 
quite  fresh,  and  washed  only  once,  iimy 
be  employed  to  make  size  ;  which,  mixed 
with  chalk,  and  diluted  in  a  little  water, 
forms  a  very  })eautitVil  and  iroo<l  wliitc 
for  eeiliniirs.  This  size  has  iio  smell,  and 
is  more  durable. 

potato  starch  is  manufactured  exten- 
sively in  this  country,  in  Maine.  The 
followinif  account  of  n  st.'in-h  manufacto- 
ry in  MiehiL'an,  at  Almont,  Lopez  coun- 
ty, will  illustrate  the  mode  in  which  it  is 


usually  made  here.  It  is  probably  the 
largest  establishment  of  the  kind  in  the 
United  States,  and  is  owned  by  a  gentle- 
man who  is  also  interested,  it  is  said,  in 
two  others  in  Vermont.  It  is  quoted 
from  the  Patent  Offlce  Report. 

'*  The  fiictory  is  214  feet  lon^  and  40 
wide,  including  an  L.  The  mam  build- 
ing is  184  feet  long,  14  of  which  are  used 
for  an  engine  room,  and  is  two  stories 
high.  The  lower  part  has  64  tubs,  hold- 
ing about  600  gallons  each,  giving  a  total 
of  28,400  gallons.  The  L  part  is  80  feet 
long  by  40,  of  brick,  one  and  a  half  sto- 
ries high,  for  a  potato  bin.  Loaded 
teams  drive  up  a  platform  into  the  second 
story,  and  following  a  circle,  18  teams 
can  unload  at  a  time,  through  a  trap  door 
over  the  bin,  which  is  calculated  to  hold 
4<J,000  bushels.  One  hundred  and  thirty 
loads  have  been  received  in  a  day,  mak- 
ing a  total  of  4000  bushels. 

"  In  the  second  story  of  the  principal 
building  is  an  oven  100  feet  long  by  18 
wide,  for  drying  the  starch  ;  or  rather,  I 
should  say,*  an  oven  of  200  feet  by  9,  as 
there  is  a'  division  in  the  centre,  with 
doors  some  ten  feet  apart.  In  the  oven 
there  are  sets  of  pans,  one  above  the 
other,  which  can  be  turned  at  pleasure. 
It  is  heated  from  the  steam  works,  and 
conductors  of  heat  arc  carried  in  tin 
pipes  all  over  the  building. 

"  The  potatoes  are  shovelled  from  the 
bin  into  a  hopper,  where  there  is  water 
constantly  running  into  it,  and  where 
they  are  OS  thoroughly  washed  by  ma- 
chinery as  a  cook  coufd  do  it  for  your 
dinner.  Then,  by  the  action  of  the  ma- 
chinery, they  are  separated  from  the  dirt, 
stones!^  and  sticks,  and  pass  on  to  two 
cylinder  graters,  at  the  rate  of  100  bush- 
els an  hour.  From  the  graters,  \yy  the 
action  of  the  mac)iin<'ry,  they  go  into  the 
sieve,  that  separates  tlie  starch  from  the 
')otato.  Tlie  pulp  then  passes  into  f(iur 
argc  cisterns,  and  there  attain  machinery 
pumj)S  it  into  the  ()4  lar^^e  tubs  or  cis- 
tcriLs,  before  alhnled  to,  for  ht-ttliuif. 
Then  the  wjiter  is  drawn  otf,  and  the 
starch,  by  a  forcing  pump,  is  carried  into 
the  second  story,  and,  when  settlc<|,  jiut 
into  tlic  oven  T  have  before  sjiokcn  of, 
which  is  calculated  to  hake  a  clay's 
work.  Ix'iuL'  the  starch  from  looo  bushels 
or  »',(). odo  li»s.  of  potatoes.  The  star<-h  is 
paeki'd  in  cjisks  and  shipjxMl  ea.st.  The 
co-t  of  the  factory  is  .^^l-J.ooo. 

'M 'onsiderahle  ^^tareh  w:is  made  in  the 
season  of  1^4t>,  hut  the  rottiuL'"  of  sonic 
:^.o.(»iMi  bushels  that  fall  ciinaile<l  the 
quantity  anticijuitcd.      Tliis  larire  quan- 
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tity  of  the  raw  mntcrial  was  thrown 
Rway.  It  served  to  feed  many  cattle  and 
hofTB  of  the  Deif<hborhood  for  »ome 
mouths.  The  pulp  remaining  as  worth- 
leas  is  used  in  ratteninj^  hoirs,  which  the 
proprietor  has  in  a  yard  adjoining. 

"  The  factory  price  for  potatoes  is  ten 
cent.4  a  bnslicl.  The  owner  has  contract- 
ed with  various  fanners  to  the  amount 
of  4(K)  acres.  The  average  number  of 
bunhel.H  raised  in  the  year  1S46  on  an 
acre,  was  275.  Allowing  the  f^ame  this 
year,  it  will  amount  to  over  1<.X),0<m»  bush- 
els ;  but  this  is  not  half  the  quantity 
wanted.  Fanners  arc  unwilling  to  con- 
tract, feariiiir  the  rot.  Present  indica- 
tions are  good  for  the  crop.  All  varie- 
ties are  used — even  the  Rohan. 

*'It  takes  the  fall  and  winter  to  use 
up  the  potatoes  ;  tiien  wheat  and  corn 
are  used  for  the  same  purpose.  The 
quantity  made  from  the  potato  per  year 
will  not  be  far  from  l,000,<n>0  lbs.  or*  500 
tons.  It  sells  for  $5  u  hundred  in  New 
York." 

POTSTONF:.  a  tou^rh  variety  of  stea- 
tite, sometimes  manutaolured  into  culi- 
narv  vessels. 

POTTERY,  PORCELAIN.  In  refer- 
ence to  chemical  constitution,  there  arc 
only  two  genera  of  baked  stoneware. 
The  fir^t  consists  of  a  futiible  earthy  mix- 
ture, alontr  with  an  i^flI^illk^  which  when 
cojiibined  are  su-scejitiblc  of  beeominir 
seini-vitriticd  and  tnin>hicent  in  the  kiln. 
Thi-i  constitutes  |Kirccl:iin  or  china-ware  ; 
which  is  either  hard  an«l  L'cnuinc,  or  ten- 
der and  s]>urious,  accortliuL'  to  tl)e  (luali- 
ty  and  quiiiitity  «)rthc  fu^il^lc  imricdicnt. 
Tlie  soi-ond  kind  c(»nr-i>t-«  of  an  infusible 
mixture  of  earths,  whi»-h  is  refractory  in 
tlie  kiln,  and  «'ontiiiucs  o|.;uiuc.     Tlii>  is 

f)ottery,  jirojierly  so  calU'd  ;  but  it  coTn|>re- 
lends  several  suit  specie:-,  wliii-lj  );r:nlu- 
ate  into  each  (»tlicr  by  iinpenH-jttible 
shailes  of  ditVerence.  To  this  head  be- 
lonir  earthenware,  stoneware.  Hint  ware, 
fui/tm-t,  deli'tware,  iron-.-tot»e.  ciiina,  cVrc. 
Tlu'  ciiiTie^t  i.ttcinjits  to  make  a  com- 
paet  stoneware,  with  a  ]»:iinte(l  L'h'/.e, 
seem  to  liave  oriLrinated  with  the  Arabi- 
an- in  S|.;iin,  altMut  the  I'th  century,  and 
to  liave  pasM'd  thence  into  Majorea,  in 
wliich  islantl  they  were  carried  on  witli 
no  little  success.  \\\  tlic  14tli  cent  my. 
these  articles,  and  the  art  ot'  iniitatint; 
tiicni  were  hiL'hiy  pri/id  Ity  tlie  Italians, 
under  the  iiaiui'  i>t  MaJ'ilica,  aU'l  p<<rr,I,i- 
iiii,  from  th«-  I'nrtuirUfx-  \\ord  fni-  a  cup. 
Tla'  first  I'aluic  ot"  -<titinware  p<»-se-^ed 
by  them  was  erected  at  Ka>  t  ii/a,  in  t hi' 
eccU'siastieal    state,   w'hence  the  French 


term  fayenc€  is  derived.  The  bodv  of 
the  ware  was  usuallv  a  red  clay,  ana  the 
glaze  was  opaque,  being  fonned  of  the 
oxydes  of  lead  ana  tin,  along  with  potaah 
and  sand.  Bcmhard  de  Palissy,  about  the 
middle  of  the  16th  century,  manufac- 
tured the  first  white  fayen^^  at  Saintes, 
in  Fnmce ;  and  not  long  afterwards  the 
Dutch  produced  a  similar  article,  of  sub- 
stantial make,  under  the  name  of  delti- 
ware,  and  *iii\h  porcelain^  but  destitute  of 
those  graceful  forms  and  paintings  for 
which  the  ware  of  Fayenza  was  dis- 
tinguished. Common  fayence  may  be, 
therefore,  regarded  as  a  strong,  -wcll- 
burncd,  but  rather  coarse-grained  kind 
of  stoneware. 

It  was  in  the  17th  century  that  a  small 
work  for  making  earthenware  of  a  coarse 
description,  coated  with  a  common  lead 
gluze,  was  formed  at  Burslem,  in  Staf- 
fordshire, which  may  be  considered  aa 
the  germ  of  the  vast  potteries  now  es- 
tiiblished  in  that  county.  The  manufac- 
ture was  improved  abo\^  the  year  1690, 
by  two  Dutchmen,  the  orothcrs  Elers, 
who  intoroduced  the  mode  of  glazing 
ware  bv  the  vapor  of  salt,  which  they 
threw  by  handtuls  at  a  certain  period 
arnonj;  the  ignited  goods  in  the  kiln. 
But  these  were  rude,  unscientific,  and 
desultory  efforts.  It  is  to  the  late  Josioh 
Wedjrewood,  Esq.,  of  England,  that 
the  world  at  large  is  main'y  indebted 
for  the  great  modern  advancement  of  the 
ann/iii'  art. 

This  country  contiiins  all  the  materials 
for  establishiuir  a  peri'cct  numulaeture  ; 
but  as  vet  little  has  been  done  excvpt  in 
tlie  pro«lu«'tion  of  coarse  articles.  The  l>et- 
ter  kind  of  ixtttery,  is  nuide  <if  an  artiticiul 
mixture  ot  alumiiui  and  silica  ;  the  for- 
mer obtained  in  the  form  of  a  fine  clay, 
from  Oevonshire  in  EuLdand,  chieflv  ;  and 
tlu'  latter  consist injf  of  chert  or  flint, 
whioli  is  heated  red-hot,  quenched  in  wa- 
ter, and  then  reduced  to  powder.  Eiich 
material,  carefully  sifteu,  is  ditlused 
tlir<»ui:h  water,  mixed  by  measure,  imd 
brouirht  to  a  due  consistency  by  evapo- 
ration :  it  is  then  hii:hly  phistic,  and 
fonued  upon  the  potter's  wheel  and 
lathe  into  various  circular  vtssel.*,  or 
moulded  into  other  forms,  which,  af- 
ter haviiii:  been  dried  in  a  warm  room, 
nre  iiulosed  in  baked  clay  cases  re- 
seniblinL'"  bandltoxes,  and  called  «<7- 
f'//>  ;  the-e  are  rauL'etl  in  the  kiln  so  as 
iu-ar]\'  to  111!  it.  h-aN  nuj  onlv  space  entuiifh 
f'T  the  fuel  :  lure  the  \uire  is  kent  red- 
hot  for  a  considerable  time,  and  thus 
}>roUijJit   t«»  the  stat<'  of  /'mvm//.     This  i.H 
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afterwardft  glazed,  which  is  done  by  dip- 
ping the  biscuit-ware  into  a  tnb  contain- 
ing a  mixture  of  about  60  parts  of  li- 
tharge, 10  of  clay,  and  20  of  ground  flint, 
diffused  in  wa'^er,  to  a  creamy  consist- 
ence ;  and  when  taken  out  enough  ad- 
heres to  tlie  piece  to  give  an  wniform 
glazing  when  again  heated.  The  pieces 
arc  then  acrain  packed  up  in  the  aegtrars, 
with  small  bits  of  pottery  interposed  be- 
tween cnch,  and  fired  in  a  kiln  aa  before. 
The  glazing  mixture  fuses  at  a  very 
moderate  heat,  and  gives  an  uniform 
glossy  coating,  which  finishes  the  pro- 
cess when  it  is  intended  for  common 
white  ware. 

The  patterns  npon  ordinary  porcelain, 
which  arc  chiefly  m  blue,  in  consequence 
of  the  fucility  of  applying  cobalt,  nrc 
generally  first  printed  off  upon  paper, 
which  is  attached  to  the  plate  or  other 
article  while  in  the  state  ot  biscuit  ;  the 
color  adheres  permanently  to  the  surface 
when  heut  is  properly  applied  :  other 
mincnil  colors,  such  as  the  oxides  of 
chrome  and  mnngaiicse,  are  also  occa- 
sionnlly  employed  in  the  same  way. 

The  nuinufac'tnre  of  porcelain  is  a 
more  refined  brunch  of  art  ;  the  mate- 
rials are  selected  with  the  srri'atost  cau- 
tion, it  beintr  necessary  that  tiic  com- 
pound should  remain  pcrt'cctly  white  af- 
ter exj)osnre  to  heat  ;  it  is  al>(»  r«''iuirc<l 
that  it  should  endure  a  very  hiirh  tcriijic- 
rature  without  fusing, and  at  the  same  lime 
aof^uire  a  scmivitreous  texture,  and  a  jie- 
cuhur  degree  of  transluceney  ;ind  toui:h- 
ness.  These  rjualities  are  united  in  some 
of  the  oriental  |>f>re«'lain,  or  C'linn,  and 
in  some  of  the  old  l)resil«-n  ;  hut  they 
are  rarely  found  coexistent  in  that  of 
modern  Kuropean  numnraetnre.  Some 
of  the  French  and  KnL'li>li  poreelain.  es- 
pecially that  ma<le  at  Sevres  and  Wor- 
cester, is  extremily  white,  and  duly 
translucent  ;  but  it  is  more  apt  to  craik 
by  sudden  chanires  of  temperature  ; 
more  brittle,  and  eonseciuently  reiiuircs 
to  be  formed  into  thicker  and  heavier 
vessels  ;  and  more  fusible  than  the  finest 
porcelains  of  .Japan  and  China. 

Tiie  colors  etiiploved  inpaintintr  porce- 
lain nrc  the  same  metallie  o\idr>  n>cd 
for  color! n if  irlass,  and  in  all  the  more 
delicate  patterns  they  are  laid  on  with  a 
camel-hair  pencil,  an«l  ircnerally  previ- 
ously mived  with  a  little  oil  of  tnr])cn- 
tine.  Where  several  c(»lors  are  used, 
they  often  re(|nirc  various  temperatures 
for  their  }>erfiM-ti(»n  ;  in  which  <a-i«-  tlioe 
that  i)ear  the  hlL:lie««t  heat  are  first  aj)- 
plied,    and    subsequently    those    wiiich 


arc  brought  ont  at  lower  temperatures. 
This  art  of  painting  on  porcelain,  or  in 
enamel^  is  or  the  most  delicate  descrip- 
tion :  much  experience  and  skill  are  re- 
(^lired  in  it,  and  with  every  care  there 
are  frequent  failures;  hence  it  is  attend- 
ed with  considerable  expense.  The  gild- 
ing of  porcelain  is  generally  performed 
by  applying  finely  divided  gold  mixed 
with  gum-water  and  borax  ;  upon  the 
application  of  heat  the  gum  bums  off, 
and  the  borax  vitrifying  npon  the  surface 
causes  the  gold  finnly  to  adhere  ;  it  is 
afterwards  burnished. 

In  the  manufacture  of  various  kinds  of 
pottery  employed  in  the  chemical  labor- 
atory, and  especially  in  regard  to  cruci- 
bU«,'  many  ditficultics  occuir ;  and  many 
requisites  are  necessary,  which  cannot  be 
united  in  the  same  vessel.  To  the  late 
Mr.  Wedpewood  we  are  indebted  for 
vast  improvements  in  this  as  well  as  in 
other  branches  of  the  art.  Crueihles 
composed  of  one  part  of  pure  clay  mixed 
with  about  three  parts  of  coarse  and 
pure  sand,  slowly  dried  and  annealed,  re- 
sist a  ven  high  temperature  without  fu^ 
sion,  and  generally  retain  metallic  sub- 
>tan<es  ;  but  where  the  metals  are  suf- 
fercil  to  oxidize,  there  are  few  which  do 
not  act  \i])i>u  any  earthen  vessel,  and 
some  cause  its  rapid  fusion,  as  the  ox- 
ides of  lead,  bi>niuth,  «fcc.  Where  sa- 
line lluxes  are  used,  the  best  crucibles 
will  always  sufter  ;  but  platinum  nuiy  oft- 
en bo  employed  in  these  cases,  and  the 
chemist  is  thus  enabled  to  combat  many 
difficultii'S  which  were  nearly  insur- 
mf»untable  before  this  metal  was  thus  op- 
plied.  Whenever  silica  and  alumina  are 
blended  ns  in  the  mixture  of  clay  and 
sand,  the  compound  softens,  and  the  ves- 
sel h»ses  its  shape  when  exposed  to  a  long 
cr)ntinu('<l  white  heat,  and  this  is  the 
case  with  the  /A.vx/«/;?  crucibles  :  conse- 
quently, the  mo>t  relVactory  of  all  ves- 
sels are  those  nuule  entireh'  of  clav, 
coarsely-powdered  burned  clay  being 
used  as  a  substitute  for  the  sand.  Such 
a  comjiound  resists  the  action  of  saline 
fluxes  lonijer  tlian  any  other,  and  is 
therefore  used  for  the  pots  in  c-las-.  fur- 
naces. A  Hessian  crucible  linctl  with 
]»urer  clay  is  rendered  much  more  reten- 
tive ;  and  a  thin  china  en]>,  or  other 
den>e  porcelain,  resists  the  acti<»n  of  sa- 
liiie  matters  in  fii-ion  for  a  con'iidiTal)le 
tinu'.  riumhatro  i«*  a  very  L'"""d  material 
for  erucil>les,  and  ap|'iical)Ic  to  many 
purpose-*  ;  wIm  n  mixed  with  day  it 
'  }^>r^n«^  a  very  dillicultly  l'Msil)Ie  compotind, 
i  and  is  protected   from  the  action  of  the 
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fourth  for  ^ese.  A  ftimaco  is  built  at  j 
one  end,  with  a  steam  boiler  to  hold  50 
pillions  of  water,  which  will  heat  a  house 
80  feet  in  length.  The  first  two  corapart- 
monta  must  nave  the  steam-pipes  pass 
around  both  rooms  at  the  bottom  or  the 
walls,  for  hatching  chicken  and  turkey 
cgifs,  and  they  must  pass  once  around  the 
other  two  rooms,  ducks  and  geese  requir- 
ing less  heat.  The  boiler  must  be  also 
80  constructed  as  to  steam  potatoes,  pars- 
nips, carrots,  and  herbs ;  which,  when 
cooked  and  mixed  with  milk,  barley, 
oats,  or  peas,  meal,  or  fiour,  produce  the 
finest  chickens,  and  other  poultry. 

To  make  the  hens  lay  all  throusrh  the 
winter,  mix  powdered  oyster-shells  and 
slat^,  or  decomposed  schistus  with  their 
food.  The  lime  in  the  oyster  shells  is 
necessary  to  form  the  shells  of  the  eggs, 
and  the  slate  improves  their  quality  aua 
flavor. 

The  following  statistics  on  poultry  and 
eggs  drawn  from  the  Patei\t  Office  Re- 
ports for  1847  and  1848  have  some  in- 
terest. It  is  stated  that  a  bushel  of  com 
will  last  twice  as  long  for  hens  as  a  bushel 
of  buckwheat,  but  the  latter  will  make 
hens  lay  eggs  more  than  any  other  grain, 
and  the  profit  overbalance  the  cost.  The 
number  of  eggs  sent  to  market  and  con- 
flumed  is  very  great.  In  the  year  1S46 
it  is  said  that  3,000,000  were  packed  and 
sent  from  Cincinnati  in  the  spring.  A 
single  canal  boat  is  noticed  in  a  Kochc^'ter 
paper  a»  on  her  way  to  Albany  with  2^9 
Darrcls  of  cErirs,  each  barrel  containing  {K> 
dozen,  which  would  thus  give  258,120 
dozen  eeirs.  In  Franco  it  is  stated  tliat 
7,2')O,0OO,(»0  eggs  are  annually  used,  of 
which  Paris  consumes  about  120,(»00,000. 
The  importation  of  nffga  from  France  by 
Englana  amounted  in  1^58  in  value  to 
nearly  11,000,000,  and  the  annual  average 
amount  is  estimated  at  100,ooo,ooo  of 
egirs.  Tlie  amount  of  money  invested  in 
poultry  in  England  is  supposed  to  be  not 
short  of  £-^,000,000. 

In  Bixirt's  Journal  d' Agriculture  Pra- 
tique et  Jardinagc  for  April,  ls48,  we 
find  a  statement  of  the  poultr>^  and  cgifH 
of  France  aliudin<r  to  actual  slalistior*,  he 
says  :  We  have  found  1'.'0,ihio  fowls  for 
85,6^5  inhabitants;  and  tli<^sc  TJ"\<m»o 
fowls  uivc  annually  a  i)ro<lnct  of  14,4o0,oo<^ 
eirtrs,  or  Kt*'>  cgirs  to  a  person  ayoar.  E.\- 
tcndincr  this  i'aleulati'»n  1o  the  wliolr  of 
Franre,  lie  says  :  Wo  find  that  tlu'  ]«ro- 
portiou  of  populnti'Ui  to  the  nnml»er  of 
towls  is  that  of  1  to  440.  iSow  the  popu- 
lation of  Fmnce,  aooordinir  to  the  last 
ceuAUs,  was  34,2150,178  iuliiUjitaiiLs,  and 


thus  it  will  follow  that,  in  the  actual  state 
of  affairs,  France  feeds,  by  methods  evi- 
dently defective,  47,938,628  fowls,  which 
at  120  eggs  each  for  a  year,  will  give 
5,752,635,860  eggs,  which,  at  4  fVanes  per 
100,  is  equal  to  280,100,414  francs,  equal 
to  $46,021,082  80,  (above  forty-six  mil- 
lions of  dollars,  allowing  20  cents  to  the 
franc.)  Adding  the  excess  of  80  ee:^ 
per  fowl  as  the  result  of  artificial  heat, 
there  would  be  150  eggs  per  fowl,  (12 
fowls,  placed  in  a  littJe  court  without  any 
other  neat  than  from  that  of  manure, 
laid  each  158  eggs,  on  an  average,  in 
1846  ;)  this  ^vould  give  a  general  total 
of  8,896,981,400  eggs,  of  the  value 
of  287,631,768  franco  more,  (equal  to 
27,000,000  of  dollars.) 

W^e  have  heretofore  adverted  to  the  vast 
number  of  eggs  consumed  in  our  coun- 
try. We  find  a  variety  of  estimates  ; 
and  it  is  evident  that  in  many  sections  of 
the  country  both  the  amount'of  fowl  rais- 
ed and  eggs  consumed  is  very  much  larger 
than  in  others.  In  one  day,* from  Cincin- 
nati, Ohio,  it  is  stated  in  one  of  the  pub- 
lic journals,  there  were  shipped  500  bar- 
rels containinir  47,000  dozen  of  eggs.  In 
some  of  the  States,  the  poultry  business 
appears  to  be  much  on  the  increase. 
In  the  state  of  New  York,  the  openintr  of 
the  Erie  Railroad  has  had  the  effect  of  in- 
creasing the  production  of  poultry  and 
eggs  to  an  incredible  extent — a  new  mar- 
ket being  found  in  the  middle  counties 
of  this  fltate,  to  supply  the  wants  of  half 
a  million  of  people  in  this  citv. 

P(  >WEU-L(  M  >M.     f .Sv  WEA^^No.) 

PNEUMATIC  TROUGH.  This  is  an 
apparatus  for  collecting  and  examining 
aeriform  bodies,  originally  invented  by 
Dr.  Priestley.  Wine  and  beer  glasses 
of  various  sizes  ;  a|>othecaries'  phials ; 
cleaned  oil  flasks,  with  glass  and  tin 
tubes  of  various  dimensions  ;  old  gun- 
barr<-ls  ;  to]>aceo-]>ipes  ;  an  argand  and 
a  spirit-lamp,  with  a  common  fire  and 
bellows,  olFcr  inexhaustible  resources  to 
a  jK'rson  indued  with  the  faculty  of  con- 
trivance ;  especinlly  if  he  can  seal  and 
bend  a  glass  tube  over  a  lamp. 

For  the  collection  of  iruscs,  sparingly 
soluble  in  water,  a  white  cartlicnware 
foot-bath,  or  a  small  washins^-tiib,  may 
ho  cm[tloyod.  In  this  n  shelf  should  bo 
fixed.  A  glass,  or  niotallic  t  iibe,  ]>roi'e«'d- 
iii'j  from  the  vessel  containiiiu'  thi-  >ub- 
stnnet's  Irom  whieh  the  H<ritonii  tluid  is 
omitted,  may  th<Mi  Ih' laid  iimler  t  lu*  odiro 
ol"  the  jar,  whieli,  for  this  ])urjif>sc,  in 
pormittod  to  ]>rojoot  a  little  over  the 
shelf;  tlie  gas  will  then  rise  into  it   in 
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PUASE.     Green  quartz:    the  color  is 
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bound  nboat  each  other,  and  then  smear- 
ed over  the  wliole  face  of  the  plate,  as  it 
lies  on  a  jSfrate  over  a  charcoal  fire.  The 
plate  being  sufficiently  inked,  it  is  wiped 
over  with  a  dirty  raff,  then  with  the  r>alm 
of  the  left  hand,  then  with  that  ot  the 
riffht ;  and  to  dry  the  hand,  and  forward 
the  wipinjET.  it  is  rubbed,  trxym  time  to 
time,  on  whitinff.  €n  wiping  the  plate 
perfectly  clean,  but  without  taking  the 
ink  out  of  the  cngravin?,  consii^ts  the 
skill  of  the  workman.  The  plate,  thus 
prepared,  is  laid  on  the  plnnk  of  the  press, 
and  over  the  plate  is  laid  the  paper,  well 
moistened  to  receive  the  impression  ;  and 
over  the  paper  two  or  three  folds  of  flan- 
nel. The  arms  of  the  cross  are  then  puU- 
e<l,  and  the  plate,  with  its  furniture,  is 
pjissed  throus?h  between  the  collars, 
which,  pincliing  very  stronzly,  press  the 
moistened  paper  into  the  strokes  of  the 
entrraving,  and  it  absorbs  the  ink  from 
them. 

/><W-'j»  Anii-Friction  PreJtH.  Mr.  David 
Dick's  patented  press,  adapted  for  press- 
ing cotton,  puncning,  Ktraiirhtening  rail- 
road iron,  embossing,  and  lor  every  ]nir- 
])Ose  of  pressing.  It  is  eompnet,  and  pre- 
sents a  most  important  arriingeinent  of 
mechanical  powers,  to  avoid  friction. 
The  great  principle  of  tliis  invention  is 
the  saviiif;  and  eeiitralizintr  of  tlie  power, 
by  diivctiuij  the  power  wiiich  is  apftlied 
tlirouLMi  a  lino  ot  contact  i^ojnts.  In  all 
machinery  constructed  to  train  power,  by 
losin:;  time,  to  use  conimon  terms,  tiie 
loss  V)y  friction  is  very  trri-at,  such  jts  blocks 
and  tackle,  niul  other  niachincrv,  screw. 
&o.,  where  the  pr)wcr  is  tran-inittc<l  over 
a  irreat  extent  ot  surface.  In  niachinery 
for  litViuiT  or  prcssiii^'',  1""  lb-*.  ]>as>ini; 
thron':irh  two  feet  space,  will  lift  2<">  ll»s. 
throuirh  one  foot  of  s{)a(>',  and  so  on  in 
the  same  ratio,  saviiiLr  tin'  fri<'tion,  which 
is  the  great  evil  of  all  <-oin]^licated  machin- 
ery. Tliis  great  drawb.u-k  (  friction  )  on 
power  is  reniovol,  to  a  great  extent,  in 
Mr.  I>ick's  ])rcss. 

All  the  sv^■\(^r<  arc  fonnel  alike,  bnt  re- 
versed in  po-ition — the  nii].cr  and  lower. 
There  are  two  partial  rotalinL'  earn-*,  and 
two  co'^r-wliccls  on  the  a\lc.  Tiiis  axle  is 
allowed  to  move  sli:rlitly  up  in  its  biar- 
iiv/s.  There  is  a  pinion  on  a  tixcil  axis, 
which  is  ojierati'.l  by  the  crank  handle. 
A  ]»inion  an<l  lever  arc  cuiployed,  as  re- 
(piirt'd,  on  each  si<lc.  Tlit-re  arc  sectors 
(t'our),  one  on  ca<'h  >i<lc  ot'tlu;  cams;  tlie 
l(»wcr  ones  are  in  a  nvrr-'C  position,  vi/., 
rc'tinir  ''H  their  apov.  The  a\Ic  "fllie 
lo'.vtr  cam  re-ts  on  <-ur%  e.l  -iirf.n'c-;  of 
the  lower  sectors,  ami  the  a\I«-  of' the  up- 


per cam  preascB  on  the  curves  of  the  up- 
per sectors.  The  axle  of  the  upper  cam 
moves  upward  in  its  side  beanngs,  and 
the  upper  sectors  are  pressed  upward, 
pushing  up  the  plate  or  frame,  which 
moves  upward  in  the  guide  slots.  The 
upper  sectors  move  in  one  direction, 
wnile  the  lower  ones  move  in  the  contrary 
direction,  bringing  their  curves  to  act 
most  etfectually,  balancing  all  the  mo- 
tions, and  acting  in  right  lines  through 
poirUji  of  contact,  produced  by  the  con- 
tact of  the  curved  surfaces  of  the  axles, 
cams,  and  sectors,  consequently  the 
amount  of  friction  is  verv  small. 

PKINTING  is  the  multipliaition  of  co- 
pies by  movable  types.  It  supertteded  the 
once  extensive  business  of  copying.  It  was 
a  mere  extension  of  the  art  of  coining  and 
seal  encfraving,  on  which  letters  were  re- 
versed like  tyi>es,  but  the  impressions 
were  taken  in  wax  or  metal.  The  first 
printing  pntres  were  blocks,  like  broad 
seals,  cut  in  wood,  and  stamped  on  paper, 
whieli  last  was  tauirht  by  card-makmtr, 
Ciirds  being  invented  about  half  a  centnrv 
before,  and  the  impressions  made  with 
ink  and  blocks. 

The  history  of  its  origin  is  enveloped 
in  mystery  ;  and  this  art,  which  commem- 
orates all  other  inventions,  which  hands 
down  to  posterity  every  important  event, 
which  iimuortalizes  tlie  actions  of  the 
Lrreat,  aiul  which,  above  all,  extends  and 
ditfuses  the  Word  of  (iod  to  all  mankind; 
this  very  art  has  U'\\  its  own  oriirin  in  ob- 
scurity, and  lias  given  eiiiployinent  to 
the  stu<ries  and  resi-arches  of  the  most 
learned  men  in  Europe,  to  deterniine  to 
whom  the  honor  of  tlie  invention  is  due. 

Aceordinii:  to  Du  Ilalde  and  tiie  mis- 
sionaries, the  art  of  firinlinir  from  en- 
graved blocks  of  wood  was  pra<-tised  in 
China  nearly  tifty  years  bctbre  the  Chris- 
tian era ;  and  from  the  early  conimercial 
intcrc(»ursc  of  tin;  \'ciietians  with  that 
Coiinti'V,  there  is  ri'ason  to  believe  that 
tlu'  kiiowled;^rc  ot"  the  art,  and  of  its  ajipli- 
Ciition  to  the  iiiultij»l\  iiii:  of  books  was  de- 
rlvcil  t'roin  thcii«'c;  tor  \'enii-e  is  the  tir>t 
plao- in  Kui'ope  of  which  vve  have  any  ac- 
count in  which  it  is  practiscil,  as  appears 
by  the  dciTec  abov*-  nieiitir.ned,  wiiiih  is 
the  mo-sf  ancient  document  in  existence 
respe-tiiiLT  jiriMtiiiL';  l>ut  the  ilate  ot'  tiiis 
I  application  of  t!ie  ait.  or  the  ] 
it  was  tir>t  pra-llstd.  it  i-*  ini 
determine.  From  that  ile 
existi'iHV  of  the  print  of  St.  Cliri-loplier. 
it  would  seem  that  it  had  I'ccn  lon^r  ap- 
plied lo  the  prodiiet  loii  ot'  pla%  iii'j-c.irds, 
and  of'  reliL(iou>  subjects,  and  when  it  was 
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sare,  th«  lenfitb  of  the  pafre,  any  pecmliar- 
iCy  in  th«  spelliiii^  of  particular  words,  the 
use  of  ciipitiil  leU43r«,  the  panctiiation,  the 
wonls  that  are  to  bo  in  italic  or  small 
capitals,  and  any  other  directions  that 
mav  be  deemed  necessary,  proceeds  to 
make  hin  niea'Sttre,  and  ciit  a  composing 
rule ;  he  then  betfins  to  ownposc,  letter 
by  letter,  till  he  has  formed  a  word;  he 
eepuratcs  this  from  the  following  word  by 
a  space,  and  so  continues  till  he  has  com- 
posed a  lino ;  he  th<vn  justifies  this  line 
by  increasing  the  space  between  tiie 
words,  or  lessening  it,  according  to  cir- 
cumstances, so  that  the  line  shaJi  bo  to- 
lerably tight  in  the  composing  stick  ;  and 
thus  proceeds  till  he  has  completed  a  page ; 
after  havinir  set  the  licad  line  and  direc- 
tion line  with  the  signature,  ho  ties  a  page- 
cord  round  it  to  preserve  it  from  falling 
asunder,  puts  it  on  a  page-paper,  and  places 
it  on  the  bottom  of  liis  traine;  and  thus 
continues  till  he  has  composed  u  sheet. 

It  may  be  necessary  to  state  that  every 
line  is  of  the  same  length,  whether  the 
types  fill  it  out  or  not;  the  last  line  of  a 
pnrajirraph,  lines  of  poetry,  and  short  lines 
of  any  o»^her  description,  are  tillod  up 
with  (juadrats  to  the  proper  kMitrth,  in  or- 
der that  they  may  be  secured  iVorn  ile- 
rangement  by  being  wedged  up  in  the 
chase;  which  is  termed  lockiutr-up. 

The  pages  are  then  taken  to  the  im- 
posing st4")nc,  and  arraci<red  in  the  proper 
order;  the  puje-papers  rt-movcd  ;  at-iutse 
Ls  then  plaeed  over  them,  furniture  put 
about  them,  an<l  the  pnk'ocords  taKcn 
away;  proper  «juoiiis  arc  then  selected, 
an<l  the  form  is  loekcd  up.  It  is  then 
taken  to  a  press,  and  oue  inipressi«)n  is 
printed;  this  is  styk-d  the  hr^^t  proof, 
whieh  is  folded  and  taken  to  the  reader 
with  the  copy ;  a  boy  reads  tlio  eoity  to 
him,  while  \n'  examines  the  proot  and 
marks  tlic  error*  of  the  eouii.<«sitor.  and 
puts  a  oueiy  to  lujy  (lonhttul  matter  for 
tlu!  autiKjr's  i<>iisi<krati<>n  ;  tlic  [>n)«>l"  is 
tlien  relurnc  I  to  the  eonipo^itui".  \vho 
corrects  the  errors  and  mi^lukc.H,  and  a 
sicoiul  nnjirc^siitn  is  printed  wit li  more 
rare  ;ind  geiinally  on  iK'ttcr  p!i|>i-r ;  this 
is  styled  a  eli^n  |»r«>of;  it  is  e.\:itnine.l  l»y 
the  first  pr-Mif  to  see  that  the  errors  of 
workniiuishii)  are  eorrifted,  whi«'h  is 
termed  revj>in'/.  and  theu  sent  out  with 
tlie  e«»j»y  to  the  ai'.t  lior  ;  he  makes  wliat 
aheralions  and  eorreetions  he  may  think 
iieee-'Hnry ;  thoe  iire  c^rix'eted  l)y  the 
Compositor;  anwtlier  i?npre-si<^)n  is 
}»i  Intel,  revi-*rl,  and  rejul  finally,  and 
with  «-!tre,  tor  press  :  the  rnari.dn  is  then 
adjij>lcd  ;  and  liie  «'orie<ti<'n.^  lK.'iiig  lari'- 


fully  made,  it  is  taken  to  the  press  to  be 
printed  otf. 

In  the  mean  time,  after  the  author  has 
retnmed  the  sheet  for  press,  the  ware- 
houseman delivers  out  tne  proper  quan- 
tity of  pnpcr,  which  the  pressman  wct», 
by' drawing  the  paper,  to  the  extent  of 
three,  four,  live,  or  six  dips  for  each 
quire,  through  clean  water,  according  as 
the  paper  may  be  hard  sized  or  porous, 
and  also  as  the  form  may  l>o  solid  or  open ; 
the  paper  as  it  is  wetted  is  laid  upon  a 
board,  opened  out,  ami  another  board  is 
laid  upon  it  with  weights ;  on  the  follow- 
ing day  it  is  turned,  which  causes  fresh 
surfaces  to  come  into  contact  with  ea«5h 
other,  and  diffuses  the  moisture  equally 
throucrhout  every  part  of  the  heap;  it 
will  be  in  good  condition  to  print  on  the 
next  day.  Tiiis  wetting  the  paper  causi« 
it  to  receive  the  impression  of  the  ink  in 
a  much  more  perfect  manner  than  it 
could  iMjssihly  be  made  to  do  if  dry. 

The  pressman  having  received  tlio 
ft^rms,  lays  the  inner  form  on  the  press, 
and  prints  one  cf»py,  which  is  called  a 
revise ;  this  he  takes  to  the  person  ap- 
iiointetl  to  revise  it,  and  wliile  tliat  is  do- 
mi:,  pn>eeetls  to  secure  the  fonn  on  the 
tahk;  ot'the  press  hv  means  ofcjuoins;  to 
plaee  his  tyii'.pan  sfieet ;  to  lix  the  points 
whieh  make  small  holes  in  the  paper  that 
enahle  him  to  eause  the  paires  to  tall  pre- 
cisely on  the  baek  of  each  other  when  the 
scfon<l  side  of  the  ]>a[«er  is  T»rintod,  and 
to  produee  an  even  aiul  uiii1«>rin  impre."*- 
sion  in  all  the  paires ;  he  then  cuts  his 
frisket,  whieh  ]<reserves  the  maivin  of 
the  pai>er  clean,  and,  when  the  revise  is 
correetctl,  yiroeeeds  to  ink  the  surface  of 
the  tyiK's  l»y  means  of  balls  or  rollers. 
WIkii  the  whole  impression  of  one  side 
of  the  paper  is  printed,  he  lif^s  the  fonn 
f'tf  the  pn-ss.  washes  the  ink  otY  the  face 
of  the  tyjie  with  lev,  and  riiLses  it  with 
water.  lie  then  ]>n'eeeds  in  a  similjir 
manner  with  the  outer  I'orm,  whieh  t-om- 
]>U'lest  he  sheet ;  and  tii  us  sheet  al'tershei-t. 

If  it  he  inteniletl  to  have  lur^re  pa])er 
CDpies  of  a  AMuk.the  alteration  i>l' niaiirin 
i^  matle  wliv>n  the  niiinlnr  ofsnuill  ]<aper 
eiiiiiis  is  prin1e<l  off  from  eaeh  t'nmi. 

\\'lien  the  sluet  is  printed,  the  e*"'!!!- 
]><)>it<ir  Ia\sit  up,  di->trihutes  the  letter, 
and  ]>roe«i-ds,  sneet  after  sheet,  till  the 
hody  of  the  W(irk  is  finishetl  ;  then  the 
I  title,  dedication,  j.relaee,  introduetii»n, 
contents,  and  any  otiivr  prelatorv  matter 
is  ].r<H'e('(K-d  with,  these  Ining  alwa\s 
printed  the  l;i>t. 

The  warehouseman  then  takes  i  he 
printi  d  ,>h«el.s  awa\ ,  an<l  haiiir>them   up 
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on  poles  to  dry,  vatying  the  Dumber  of  ] 
Bheets  liuiig  up  together  from  five  or  six 
to  tea  or  eleven,  according  to  the  state  of 
the  weather,  the  heat  of  the  room,  or  the 
pressure  of  business  ;  when  these  sheets 
are  dry  they  are  taken  down  from  the 
poles,  'carefully  knocked  up,  and  put 
away  in  the  warehouHc  in  piles;  when 
the  Dook  is  nearly-  finished,  from  ten  to 
fourteen  consecutive  sheets  are  laid  upon 
the  gathering  table  in  order,  and  collect- 
ed &heet  by  sheet  by  boys,  who  deposit 
each  gathering  in  a  heap  at  the  end  of 
the  tuolc,  which  is  generally  what  is  styl- 
ed a  horse-shoe  table,  so  that  wlien  a  boy 
has  deposited  his  gathering  he  has  only 
to  turn  himself  and  begin  again.  These 
gatherings  arc  then  carefully  collated,  to 
ascertain  that  the  dillerent  sheets  are  cor- 
rect and  in  order,  and  folded  up  the  mid- 
dle. When  tlie  work  is  finished  the  gath- 
erings are  put  together,  each  of  which 
forms  a  coj>y  of  the  work,  and  pressed  ; 
the  work  is  now  com]»loted,  ana  awaits 
the  order  of  the  bookHellcr,  <tc.,  to  deliver 
the  copies  either  to  himself,  the  book- 
binder, or  to  others,  according  to  circum- 
stances. 

The  foretroing  is  the  crencral  descrip- 
tion of  The  manner  in  which  printing  is 
conducted.  Kach  style  of  work  Iuim  its 
own  peculiarities,  and  each  office  has  de- 
tails aj'propriate  to  itself.  I'hihidelphia, 
Bo-ton,  and  New-York,  are  the  cities 
where  tlie  jrreat  bulk  ol"  hook  printiiiir  of 
this  country  is  pcrt'ormetl.  iSome  of  the 
printinir  (Alices  oft  hese  cities  are  conduct- 
ed on  a  most  extcnsi\e  scale.  In  tlmt  in 
which  tiiis  ("yclope<Iia  is  Ntereotvj-ed  and 
printed  (Mr.  J.  F.  Tuow'.ui,  there  are 
bteadily  cni]>loyed,  in  tlie  various  depart- 
nieiits  of  rirool'-readiiiL',  coiniio^inir,  and 
prt>t^--\V(>rK,  about  llo  jjcrsons.  In  the 
comiH>.-inL'  dej-artnient,  where  every  de- 
scrij>tion  (»!'  ])r)<>k  and  joi)  printiiiL''  i?^  ex- 
e<Mite<l  — inchidiiiir  woiks  in  the  Oriental 
aiitl  C'las.-tieal  lanL:uaL'es — the  averaire 
anionnt  of  daily  hihor  pert(jrnic<l  is 
ctinivalenl  to  a  duodeeinio  volume  ol"  ;'>-'o 
j'jiLMS.  In  tlic  i.rf.~>-rrt(.nis,  there  are  1:> 
iiiiiii<n  til  A(laiii>'  prcs-cs,  otic  e^liii'ler, 
and  thrrc  luiiid-j.rt-M.s.  throwIiiiT  oil" 
daily  alioul  O^^.T.")!.!  ini|'re>>i<'ns — e<jiial  to 
4. ■''.'"  (iii'Mlc(im(»  voliitiirs  of  .".."0  jt:i_'fr*. 
Sunn-  ol"  till-  lincst  >]ie('im('iis  of  Anu-riran 
t\  ]'<.i:ia]>liy  have  i-i«iicd  fiom  this  e\- 
tt  ii-i\i-  t-taWll^liiiiriit — jmrti'Miliirly  in  the 
( »ri(  iiT;iI -K  ];ir'iiicnl.  in  whiiji  hrai.rii  w  i- 
IxI'hxc  Mr.  Tri.w  i  a^  no  competitor  in 
llii^  ••"'lilt  r\ . 

It'  1 1,  i<  foinit  ry.    f- iir.N-"-  :;rr  i'Uii'l"\  cil 
in  ?-  •nio  cilii.s  a>  c<-'nip">ii<.<r>. 


The  number  of  people  engaged  in 
these  employments  is  jperhaps  about  the 
same  in  the  United  States,  as  in  Great 
Britain  and  in  France.  Germany  employg 
twiceasmany  as  either  of  those  countries; 
the  rest  of  Europe,  collectively,  ns  man^ 
as  France.  In  ml,  at  least  15u,04X>  fami- 
lies subsist  in  the  civilized  world,  b^ 
imparting  knowledge  or  creating  tlie  faci- 
lities, besides  the  clergy  and  the  instruc- 
tors in  schools,  perhaps  twice  as  many 
more.    (See  PRiNTiNo-rKKss.) 

PKINTlNG  INK  is  made  of  oil-var- 
nish and  fine  lampblack.  The  varnish 
is  made  bv  heating  pure  linseed  oil  in  a 
copper  till  it  will  Dght  with  a  piece  of 
lighted  paper.  It  is  then  made  to  burn  away 
to  three  quarters,  to  two  thirds  and  one 
half  for  varnishes,  of  various  «.K>nBistence. 
The  lampblack  is  the  soot  of  turpentine 
lamps,  burnt  in  a  close  chamber,  and  the 
soot  collected  on  fiannels  which  line  the 
room,  and  from  to  time  are  beat  out.  in 
a  large  way  the  oil  is  not  burnt,  but  evap- 
orated, at  nearly  a  boiling  heat,  to  a  thick 
consistence  ;  lampblack  is  often  made 
by  burning  pitch,  resin,  &c.,  and  collect- 
ins:  the  soot  in  a  horizontal  chimney, 
which  i)asses  into  a  chamber  hung  with 
coarse  cloths  or  fljainels.  The  ink  ia 
made  by  gradually  triturating  the  black 
with  the  varnish  on  a  stone  with  a  muller, 
but  in  the  larire  way  this  is  done  by  a 
horse-jiower  with  a  wheel,  in  the  manner 
of  color-grindiiiL'.  Balsam  copaiba,  soap, 
resin,  and  indigo  are  used  by  some  as  iu- 
gredicnts  in  the  ink. 

Alter  the  smoke  begins  to  rise  from  the 
boilint,'  oil,  a  bit  of  burning  paper  stuck 
in  the  cleft  end  of  a  long  stick  .-honid  Ihs 
a]  1 'lied  to  the  surlaec.  to  set  it  on  fire,  ns 
soon  as  the  vapor  will  burn:  and  the 
tlame  hIiouIiI  be  allowed  to  continue  (the 
pot  beiiiL'  meanwhile  removed  from  over 
the  tire,  or  the  tire  taken  from  under  the 
j'ot  I,  till  a  samj'le  of  the  varnish,  cooled 
ujiim  a  pallei-knite,  draws  tuit  into  .strinirs 
of  al»oul  half  an  inch  lonL'  between  the 
finLTers.  To  six  (pnirts  of  linseed  oil  thus 
treated,  six  pounds  of  resin  nhoidd  be 
i:ra<lually  added,  as  soon  as  the  froth  of 
the  (-buHition  has  snl)sidcd.  WheiK-ver 
the  resin  is  dissolved,  one  pound  and 
tliiXH'  <|Uarters  of  dry  brown  soap,  of  the 
be«t  <|Uality.  cut  into  slices,  is  to  be  in- 
troduced cautiously,  tor  its  water  of  cojii- 
V)inatioii  rauses  a  \iolcnt  intumescence. 
H'tli  t!ie  re-in  :ui<l  soap  should  lie  well 
si i I  red  w  i'li  the  >|'atula.  The  pot  is  to  l^e 
lion-  <<  t  II] imu  the  tire,  in  order  to  complete 
tl)e  .  i.iiiMii;,!  io!'  of  all  the  const itu<Mits. 

I'ut    ne\t   ot"  v\ell  ground   indigo  and 
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PtdmIui  blue,  Hch  8)  anncea,  Into  m 
earthen  pan,  gnfBoicntly  laruo  to  hold  all 
the  ink.  slonp:  with  4  pounds  of  Iho  be!>I 
luincral  lampblack,  nnd  then  St  poundn 
of  icood  ve^i-Uil^o  lampblack;  then  add 
iBo  warm  vamiah  by  alow  doarpuii,  care- 
fully ulirrinif,  to  prodin-o  a  perfect  incir- 
pomliou  of    all   the   inuTedieiitM.      Thin 

or  ainb  and  mnlter,  tilt  it  be  levigated  in- 
to a  niicNjth  unifbrm  paalo. 

One  pound  of  a  supcrflne  printing  ink 
may  be  mada  by  tlio  Ibllowlng  recipo 
of  Mr.  Bavage: — .Balsiim  copaiba,  9  oz. ; 
luinpblnfk,  3  oi. ;  iudieo  and  I'rusnian 
blue,  together,  p.  Eeq.  ij  oz.;  Indian  red, 
loi. ;  lurpontino  (voilow)  soup,  dry,  3oi. 
This  mixture  is  to  be  ground  ujn>n  anlub, 

DHHi.      The   pigment*  UAed   for    cotnreil 

ion,  red  lead,  Indian  red,  Venetian  red, 
eliroino  yellow,  chrome  red  or  oranito, 
burnt  itrni  di  Sitnaa,  Knll-atnne,  Konuin 
ochre,  yellow  ochre,  Tordlgris,  bluce  and 
yellows  mixed  for  Rroena,  indiBO,  Prus- 
sian blae,  Antwerp  bine,  lustre,  umlier, 
vcpia,  browns  mixed  with  Vciivtian  rud, 
&e. 

PRINTTNG-PRESS  (Ttn)  isthoveiy 
important  implement  tised  fur  tramtrvrring 
tiie  iuiiires'ion!!'  of  inked  tvppB  to  napi-r. 
The  Arst  nrintinnvHS  offci'l.'d  bv  a  Hal 
board  Willi  blows  of  ■  niallet.  &iit  the 
numlier  of  iinprcxEiinna  rendered  it  no- 
cexKury  to  eonvert  tho  board  into  a  solid 

tlatlen,  and  carry  thhi  upon  the  pupcr, 
y  nicans  of  a  screw,  and  a  lever  to  lum 
it.  Tlie  tvpos  wpra  inked  with  hrge 
hnll»,  inaile  of  sliccp's  jiclt,  an.l  the  s.>rt 
ciii-ering  plaeed  over  tho  paper,  to  iinj- 
ta'l  llie  type:!,  and  hrintr  tbc  |i.ipcr  itito 

type  1  bn(,  in  timi',  tliix  has  been  I'hanL'i'il 

intcriA'C'l    Liiiii'h      Sii.'fi,    nilh    k.hiic 


is  llxerj  u>  an  upright  spindle,  to  wbicl^  ■ 
lever  is  atlacLed  connected  nitli  a  second 
lever  fixed  io  the  top  of  ths  screw  by  k 

ed  at  ditfurent  angles  to  each  other ;  and 
when  tiio  platen  is  brought  down  to  tho 
fiico  of  the  types,  and  power  ia  wanted. 


r«  take  sl 


a  posil 


occession  of  power  is  grained,  wliich  ena- 
blea  the  pressman  to  print  larger  shoeu  of 
paper  in  a  superior  mahner,  with  less 
Labor,  and  with  greater  ease  to  himself' 
It  does  not  act  by  a  continuous,  but  by  a 
reciprocating  motion,  suJ  can  only  pnnl 
JJo  l,„,,„..l„„.  ,,,  1„„,     Thl.'f„.. 
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imprcMion  is  given  by  a  compound  lever 
acting  on  an  inclined  plain,  is  found  suttt- 
cientfy  powerful  to  print  a  newspaper  form 
of  the  size  of  42X26  inches,  having  a  chase 
4  inches  larger  each  way.  It  requires  two 
persons  to  work  it,  one  of  whom  inks 
the  form  with  the  rollers  and  does  noth- 
ing el»e.  The  other  performs  the  princi- 
pal labor,  putting  on  and  taking  off  the 
sheet,  rolling  the  form  under  and  from 
under  the  platen^  and  giving  the  pull, 
which  is  necessarily  a  heavy  one.  The  ex- 
ertion required  to  throw  off  2')0  impres- 
sions in  an  hour  at  a  press  of  this  size  is 
very  great,  and  that  quantity  cannot  well 
be  exceeded. 

The  platen  power-press  of  the  best  con- 
struction has  self-inking  rollers  and  a  fly 
for  removing  the  printed  sheet  from  the 
type,  and  laying  it  on  the  heap.  It  is 
worked  by  two  persons,  one  of  whom,  a 
stout  man,  keeps  it  in  motion  by  turning: 
a  crank  attached  to  a  fly-wheel,  and 
the  other  pertbrins  the  lisrht  duty  of 
putting  on  the  sheets.  The  bed  *and 
platen  are  immense  masses  of  east  iron, 
intended  by  their  strength  to  guard 
against  an  inclination  to  sprinir,  which  is 
very  apparent  in  the  hand-press,  and  j>ar- 
tialiy  corrpfted  by  making  the  bed  and 
platen  slightly  concave  on  their  face. 
The  platen  power-press  when  caU-iilatod 
to  print  a  form  oi:  42  by  20  inches,  will 
weigh  8,090  pounds,  and  when  workotl 
by  one  man  at  the  crank  as  usual,  niav 
give  4o"  wnpressious  in  an  liour,  or  it" 
greater  spr-e' I  be  required,  with  the  aid  of 
a  steaqi  cnL'ine,  it  may  be  snfely  worked 
at  'JOO  im[iressioiis  per  l;onr.  It  is  a 
grreat  improvement  on  the  liand-[>r('s>i, 
wliether  used  for  book  or  newspaper 
print  iiiir. 

Aniftiiir  the  bod  and  I'laten  presses,  the 
most  valuable  and  most  exten>i\el\- use<|, 
are  tliose  nianuf'MotuTX'd  by  Mr.  J.  Adnin^. 
of  Huston.  Mr.  Adams  t<*«'k  out  a  patrnt 
inlH:)(»,  for  a  ])t'wer-press,  and  in  J^Gti 
another  for  an  iiiipro\ed  power  j press. 
The  niuidter  of  ini{>r(n-erii(iit>^  elniiiied  in 
the  s).eeitiealion  ot"  this  htter  patent  ex- 
eeede«l  t  weiity  in  nniuhei\  some  ol'whirh 
were  as  inu'eiiious  as  tln'\  were  no\e!. 
Mr.  Adams's  j.ress  was  the  tir^t  in  this 
e^)untrv  to  whieh  a  tly  trame  was  atlacl.ed. 
It  reiq^uires  ])Ut  one  pei><'n  ui  woman  >  to 
tend  It  and  jiut  the  ]>ai'er  on  the  rcLM-ler 
pins;  from  whieh  it  is  remoNcl  l.\  i lie  il 
tiii<.'ers  or  clips  wliieh  earry  it  aloML'  un- 
der the  platen,  where  it  rmiain^^  I'or  a 
seeond  to  reeeive  the  ini]'rrs>ion  ot"  tiu" 
type.  Tlie  lattt-r.  plare<l  up«'n  a  niovalile 
bed,  travels  «iii  to  ret-rive  the  ink  iVoni  I  he 


self-acting  rollers,  returns,  and  when  im- 
mediately below  the  platen  is  carried 
upwards  by  the  action  of  a  crank  under- 
neath, and  is  pressed  against  the  surface 
of  the  paper  :  it  is  then  lowered,  pa-Mea 
against  a  side  t^ible,  inked,  returns,  and 
renews  the  operation.  The  impressed 
sheet  is  carried  horizontally  on  tapes 
some  distance,  when  it  has  to  rise  an  incnn- 
ed  plane  of  Uipe  to  come  within  the  reach 
of  the  fly  frame.  The  attraction  from  the 
horizontal  to  the  ascending  direction  is 
ingeniously  effected  by  means  of  a  bellows 
acted  upon  by  the  press  it«elf,  whieh 
blows  tlie  leat  up  at  the  edge,  and  thus 
raises  it  over  the  first  difficulty,  that  of 
altering  its  direction.  It  is  *  removed 
from  tlie  tapes  by  the  fly  frame.  The 
whole  is  effected  with  great  rapidity  and 
little  noise.  It  throws  off  more  work 
than  any  English  press  of  a  similar  kind, 
the  larger  size  printing  readily  600  copies 
per  hour.  It  is  adapted  for  stereotvpe  ai^d 
letter-prcs.H,  as  well  as  wood-cut  printing. 
The  cylinder  press  is  the  great  in- 
vention of  the  day  for  fast  printing  ;  and 
it  is  made  with  a  small  or  large  cylinder, 
according  as  it  is  to  be  used  for  uewspa- 
]>er  or  book  work,  the  former  being  most 
favorable  to  rapid  printing,  and  the  lat- 
ter to  good  impressions.  It  has  self-ink- 
ing rollers,  pointin|^  apparatus,  and  a 
sheet-tlycr.  When  it  is  to  be  worked  at 
its  greatest  speed,  it  must  be  impelled  by 
a  steam-engine,  and  then  2,.')O0  impres- 
sions of  a  tbrrn  of  42  by  26  inclies  may  be 
I  eonveniently  taken  in  an  hour,  and  iK»s- 
I  sibly  n.oiMi,  if  I  he  paper  cmi  be  fed  to  it 
I  by  onr  ju-rsun  so  tast.  When  it  is  driv- 
I  en  hy  a  man  with  a  crank  and  flv-wheel, 
>^<t(i  impressions  of  the  same  form  may  be 
I  taken  in  an  h«.ur,  and  the  work  of  leed- 
ini:  the  press  with  paper  at  tliis  rate  may 
j  l)e  done,  and  usually  is  done,  by  a  boy  or 
female.  All  eylindcr  ]»resses, 'however 
are  iiitmded  to  be  used  tor  rapid  work 
•  w'easionaily,  if  not  usually,  and  are  there- 
foif  made  with  luavy  frames  and  strong 
^yo|•kin;:  parts,  t<.  eiulure  the  rapid  mo- 
tion an.l  till-  su<lden  rever.-es  whieh  at- 
tend the  print inii"  of  T.o  impressions  in  a 
minute  or  ••;,ooo  in  ;,n  hour. 

From     the     prefedin-,'    statement     it 
thus    appears    that    when     two 


ai>pears  inai  when  two  persons 
work  t-itht-r  of  the  above  presses,  the 
liand-pnss  give.s  2r,o  imj^ressions,  tlie 
platen  po\v,.r-pr<ss  -Uu)  imj.ressions,  and 
the  ey Under  Pre-s  soo  impressions,  per 
hour:  the  j.lateii  power-]. less,  tluuiifh 
iimeli  Iiea\  irr  t  h.'in  tln'  hand-press,  ifiving 
doiil.lc  its  number  i>\'  imj.re.>-»it.ns  l.\  a 
belt!  r  applie.ilion  of  nian  power  ;  anil'the 
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oylinder  press  giving  four  times  its  num- 
ber of  impressions  by  a  still  better  appli- 
cation of  the  same  power  on  a  lighter  ma- 
chine ;  the  dilference  in  the  movement 
of  the  respective'  presses  being  pretty 
fairly  represented  by  saying,  that  the 
lianil-press  is  in  actual  motion  one-third 
of  its  time,  the  plalen  power-press  two- 
thirds,  and  the  cylinder  press  all  its  time, 
the  first  and  second  dwelling  upon  the 
impression  of  the  whole  form  with  great 
foR*e,  wliile  the  latter  rolls  over  tlie  form 
lightly,  impressing  only  about  an  dOth 
part  of  it  at  once. 

The  Pkixtino  Machine,  is  the  adap- 
tation of  the  printing-press  to  the  moving 
power  of  steam.  The  types  are  laid  on  a 
stiuje,  imposed  in  the  usual  manner,  first 
one  8i<lo  of  the  sheet,  and  then,  a  little 
beyond  it,  the  other  side.  They  are  ink- 
ed by  passing  under  rollers  which  are 
supplied  with  Ink  from  above.  The  paper 
is  then  placed  on  a  large  roller  by  a  boy, 
an<l  the  rnilcr  turning  pjL'if^es  and  presses 
the  paper  over  the  typo,  produciui;  a  i)er- 
fect  impression  on  one  side.  The  sheet 
is  thcii  reversed  by  small  rollers  and  car- 
ried to  the  next  roller,  which  turns  it 
over  the  other  form  of  type  and  pertccta 
.V,  when  a  boy  removes  it.  Durintr  this 
time  the  first  boy  had  laid  another  sheet 
otf  the  first  roller,  the  types  luul  rotnriied 
under  the  rollers,  and  received  tVesh  ink 
from  the  ink  rollers,  the  first  roller  luul 
turned,  the  two  small  rollers  Imd  laid  the 
reversed  sheet  on  the  second  roller,  which 
had  turned  and  perteeted  it,  and  in  the 
9th  or  l'2th  of  a  see<»nd  of  time  the 
last  V)oy  reeeivcs  another  sheet.  The 
number  perfected  beiiiL'  from  'J.ooo  txi 
8,000  per  hour,  or  20  times  the  niiinher 
by  ordinary  press-work,  performed  by 
two  hands  and  a  b'»y. 

The  pri:itinif-maeliine  was  invented  by  j 
Mr.  KonJLr,  a  Suxon,  who  eoii-^idired 
that  steam  miLrht  be  eiii]>l<>yf<l  with 
adviintai^e  to  e\|ii-dite  the  ]>r<K-c-.H  of 
pjrintintr  ;  but  not  receivin«/  encourage- 
ment on  the  ( '<>nlinent  to  enal'le  iiiin  to 
pr(>se<'nle  his  plans,  he  eanie  to  Hii;,dand 
m  isoi,  and.  alter  exjilaininu'  hi-<  views 
to  some  ot'tlie  print-ipal  printers  in  Lon- 
don, Mr.  Htiisli  y,  Mr.  Woodt'ali,  and  Mr. 
Taylor,  einl)arke<l  in  the  undertakiiii.',  but 
Mr.  Woodi'ill  soon  withdrew.  After  in- 
niiuierablc  experirivnts.  and  a  Lfeat  outlay 
of  capital,  tin-  result  wjt'i  ii"t  >atisfactor\  ; 
l>ut  tlic  t'xpcrience  L'ainc  1  by  pr<»>ccutinLr 
tlie-e  experiments  rcsultid  in  tin-  |.ri>due- 
tioji  ot"  a  macliine  to  print  with  eylind*:rs  ! 
instead  of  a  tlat,  surface,  as  wius  tlie  ease 
with  the  j»rintin.u'  i)rcss,  which  Wiuj  limit-  I 


ed  in  the  size  of  the  paper  by  the  size  of 
the  prcPs  and  the  power  of  the  pressmaQ. 
In  cylindrical  pnnting,  by  which  the 
pressure  is  communictited  in  lines,  the 
size  mav  be  verv  considerably  increased. 

The  first  machine  that  was  constructed 
was  capable  of  printing  1000  copies  per 
hour  ot  double  demy  paper  on  botb  siaes, 
while  a  hand-press  is  estimated  to  print 
250  copies  of  a  single  sheet  on  one  side 
only,  in  the  same  time. 

When  this  mjichine  was  completed, 
the  proprietors  of  the  Tinus  newspaper, 
ever  readv  to  adopt  any  itnprovement 
that  would  expedite  its  publication,  with- 
out regarding  expense,  agreed  with  the 
patentees  for  two  machines,  and  on  the 
2Hth  of  November,  1814,  the  Tirn^s  was 
published,  executed  by  cylindrical  print- 
mcr,  the  moving  power  being  steam ; 
these  were  the  only  machines  construct- 
ed under  the  first  patent — they  tlirew  otf 
1,800  per  hour. 

In  It^lT),  Mr.  Cowpcr,  of  EuLdand,  ob- 
tained a  patent  for  curvintr  stereotype 
plates,  for  the  j>urpose  of  fixing  them' on 
a  cylinder.  Several  machines  so  mounted, 
capable  of  j>rinting  1000  sheets  per  hour 
upon  both  sides,  are  at  work  at  the  present 
day  ;  twelve  nuichines  on  this  principle 
haviufcT  been  made  for  Directors  of  the 
Bank  of  Enu'land  a  short  time  previous 
totlu^ir  re-issuinir  L'old. 

NichoUon  souirlit  to  effect  the  revolu- 
tion of  the  form  of  types  by  trivin2r  lo  the 
shank  of  a  type  a  shape  like  the  stone  of 
an  arch  ;  Donkin  and  Bacon  by  attjich- 
\ns  types  to  the  sides  of  a  revolving 
prism;  and  ("owper,  more  successfully, 
by  eurvini:  a  stereotype  plate.  In  these 
machines  Mr.  Cowper  places  two  pa[)er 
(cylinders  side  by  side,  and  ai/ainst  each 
of  them  a  cylimh-r  f  »r  holdinLr  the  plates  ; 
ea<li  ot'  these  f »ur  cylinders  is  about  two 
feet  in  diameter.  Upon  the  surtaee  of  the 
^tereol\  pe  jijate  cylinder,  tburor  five  ink- 
iniT  i"'»ll«r-^  of  about  three  irii-he-*  in  diame- 
ter ar«'  |ila«-cd;  tlicv  are.  kept  in  their  ]>o- 
fition  by  a  tVarnc  at  each  end  of  the  said 
c\lin<ler.  and  tin-  axles  of  the  rollers  rest 
in  vertical  "-lots  of  the  frame,  whereby, 
having:  pt-rfecl  freedi»m  of  motion,  they 
act  by  their  i.Tavity  aloiic,  and  rci^uire  no 
adiustuicnt. 

The  frame  which  supjiorts  the  inking 
rollrr^.  eiijlcd  the  waviuir-fratiic.  i>*  attach- 
ed b\  hini:e>  to  the  'j-cnerai  tVaniework  of 
tjie  maciiiue;  the  ed^/c  of  t lie  >Icreot\  pe- 
]>late  cylinih-r  is  iuilcute<l,  aii<l  rubs 
aLraiusl  the  wavinL'-franu'.  eau-^iuL''  it  to 
vibrate  to  and  fro.  and  eon-*»'iiuently  to 
carry    tlicinkiiii/   rollers  with  it,  ho  as  to 
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give  them  an  unceasing  traverse  move- 
ment. Thesie  rollers  distribute  the  ink 
over  three-fourths  of  the  surfiice  of  the 
cylinder,  the  other  quarter  being  occupied 
by  the  curved  stereotype  pUites.  The  ink 
is  contained  in  a  trough,  wliich  stands 
parallel  to  the  said  cylinder,  and  is  formed 
by  a  metal  roller  revolving  against  the 
edge  of  a  plate  of  iron  ;  in  its  revolution 
it  gets  covered  with  a  thin  film  of  ink, 
which  is  conveyed  to  the  plate  cylinder 
by  a  distributing  roller  vibratinsr  between 
both.  The  ink  is  diffused  upon  the  plate 
cylinder  as  before  dcseribecl :  the  plates 
in  passing  under  the  inking  rollers  become 
charged  with  the  colored  varnish  :  and  as 
the  cylinder  continues  to  revolve,  the 
plates  come  into  contact  with  a  sheet  of 
paper  on  the  first  paper  cv Under,  which 
IS  then  carried  by  means  of  Uipes  to  the 
second  paper  cylinder,  where  it  receives 
the  impression  upon  its  opposite  side 
from  the  plates  ujwn  the  second  cylin- 
der. 

Thus  the  printing  of  the  sliect  is  com- 
pleted. Though  the  above  uiachine  be 
applicable  only  to  stori'otype  j>lates,  it 
has  been  of  general  inii»ortanct',  because 
it  fornie«.l  tiie  foundation  of  the  future 
success  of  Messi-s.  (.'ouper  and  Apple- 
gatlrs  printing  machinery,  by  sliowiu-^ 
them  the  best  method  of  serviuir  out, 
distributinir,  and  ai»i.lying  the  colored 
varnish  to  the  types. 

In  order  to  adopt  this  mctliod  of  ink- 
iiii:  to  a  llat  type-form  niacliiiie,  it  was 
merely  requisite  to  do  tlio  sau.e  tliiuLf 
upon  an  extended  tlat  surface  or  taMe, 
which  had  been  pcrt'oiiiied  u\><>]\  an  e\- 
teinied  cylindrical  .-urtluM'.  Accordin^'ly. 
Messrs.  Ccnvper  and  Api>lct.'atii  ccn- 
stru<.-ted  a  inachinc  I't  jirinlinLT  both 
sides  of  the  slicits  tV'»iu  Ivpc,  including: 
tiie  irdciuL'  af'paratiis,  and  the  ni<'de  of 
conveyinir  the  slicrt  from  tlie  one  j-aper 
cyHndcrto  tiie  otJu-r,  by  mean>  of  drums 
and  ta]>eH.^  It  is  liiLriily  creditable  to  ilie 
seieiititic  judLrnient  of  these  patentees, 
tliat  in  new  m(»deHinLr  the  iirintiii'j-  ma 
chine  they  dispensed  \villi  foiiy  wdieels, 
which  existed  in  Mr,  KoniL^'s  apparatus, 
when  Mr.  Ikuisley  re.pU'sfcd  them  to  a[»- 
ply  tiieir  imprincimiit-;  to  it. 

In  Kiiirland.  TrcaduelTs  ]>o\ver-prc^s 
has  been,  mail  lately,  v<-ry  mui-h  em- 
ployed. In  this  invriitio'u  th.-  t\i. cs 
are  inked  l)y  ela.-lic  roll.  r«;.  and  th.'di.-- 
tribution  ot"  the  ink  reiiderd  e.^uiil  ]<v 
a  ri'Vi>l\  inc-  tal)!e.  uliich  Icecp-^  in  e«Mita<"t 
with  the  rMlIei'^.  Tiie  iiiipres-i->:is  are 
made  by  a  tlat  >)irtace,  or  I'laten.  il'stt  ad 
ol   a  c\lindcr,  so  tliat  cleaner  and   belter 


impressions  are  Bupposed  to  be  obtuned 
ft-om  it,  than  by  any  other  machine. 

Kiinig^s  machine  continued  in  use  bj 
the  Times  newspaper  (England)  till  1S27, 
when  it  was  superseded  by  Applegnth  & 
Cowper's  four-cyUnder  maehme,  produ- 
cing 50(X>  per  hour.  Some  of  them  are 
fltiliusedin  that  office.  They  consist  of 
a  table  moving  to  and  fro  under  four  iron 
cylinders,  about  nine  inches  diameter, 
covered  with  cloth,  and  round  which  the 
paper  is  carried.  The  form  is  fixed  at 
one  part  of  tlie  table,  and  the  ink  and 
paper  at  another.  Some  ot  the  rollers 
were  laid  diagonally,  so  that  as  the  table 
moved,  the  rollers  liad  a  motion  in  the 
direction  of  their  length;  this  movement 
aided  the  rotatory  one  in  better  inkiue  ; 
the  ink  lay  in  in  a  trough  in  an  iron  roller 
or  di>rUr,  exactly  similar  to  that  nsed  in 
Calico  i)riiUiryj  (which  see).  Fourlayers- 
on  fed  the  rollers,  which  by  tapes  carried 
the  sheets  to  the  takers-out  at  the  other 
end.  In  May,  1848,  the  last  improve- 
ment was  nuide  by  the  a<ioption  of  a 
new  machine,  which  threw  on  the  large 
(piantity  of  10,000  copies  j)er  hour.  This 
machine  was  a  vertical  cylinder,  65  inches 
broad,  on  which  tlie  tvpe  was  fixed,  snr- 
roiuuled  bv  ei>:ht  otfier  cylinders,  each 
al)oiit  13  inches  diameter,  and  covered 
with  cloth,  round  which  the  paper  wju* 
led  bv  tnj»es,  each  paper  cylimier  having 
a  leediiiir  apparatus  and  two  boys  tend- 
inir.  Tlie  ink  rollers  were  also  vertical 
airainst  the  lari:e  cylinder,  and  on  which 
they  distributed  the  ink.  This  last  was 
in  a  veitical  c\linder.  The  type  used  i'* 
the  ordinary  kind,  and  the  form  is  placed 
on  a  porli(ui  of  tlie  lar^e  cylinder.  Tiie 
surface  of  tlie  ty]>e  formed  a  ]»ortit»n  of  a 
j>o!\i;oii,  ami  \\\v.  reiruiarity  of  the  im- 
pres>ion  u  as  ol^tained  by  j>asting  slips  of 
paj'cr  on  tlie  c\iindcrs.  On  the  7th  Muy, 
n.".o.  the  Times  newsj)a]>cr  and  Sup}>le- 
nicnt  contained  7'J  c(>luniiis  or  17,500  lines 
made  U[»  of  more  than  a  million  pieces  of 
type;  of  this  copy,  the  last  form  went  to 
i>re>s  at  4  4"' A.  ^I.,  7<'""'  cf»}>ieswerc  [>ub- 
lished  before*".  .\.  M.,  17, <K)«i  helbre  7  3<iA. 
M.,  and  o-l.ood  belbre  s  4"»  A.  M.,  or  in 
about  l'"iir  hours.  On  March  lith,  1*^50, 
an  exhibitiMn  ot"  a  new  rotary  jiress  took 
plaie  in  Pari-,  wjiieli  \va>  wurked  by  cylin- 
drical motion,  and  i)y  a  stereotype  obtain- 
ed fr"m  several  sheets  made  of  a  pnip  of 
paper,  whieli  Lfiw's  ne^re  depth  than  is 
iHu;i!ly  nl.'.iinc-l  from  plaster  of  Paris, 
and  tlie  printiiiL'  is  so  perl'cct.  that  even 
in:!]!-;  ale  pi"'luce  1  I'ri.in  thi-ir  cylindri- 
C..1  -U  111  >\\  |-cs.  'A  it  ii  the  minutest  accuracy, 
ll  i.s  llic  in\cnti'>n  ot' Worms,  once  a  I'ar- 
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rislan  printer.  The  stereotype  cylinder 
was  got  up  in  15  minutes  ana  the  print- 
ing on  both  sides  was  most  perfect.  It 
knocked  o£F  15,000  copies  by  the  hour; 
this  ma^  be  augmented  by  steam  power. 
The  rapidity  is  owing  to  the  printing  on 
^ndleas  paper  not  wetted  on  rollers,  each 
copy  bemg  cut  up  with  great  precision. 

Tliis  French  rotary  press  has  been  ex- 
celled by  the  mammoth  press^  the  largest 
ever  constructed.  It  was  designed  and 
built  by  Messrs.  Hoe  <&  Co.,  New-York  : 
it  is  forty  feot  in  length  and  five  wide ;  it 
has  a  large  central  drum  which  revolves 
like  a  broad  wheel.  The  form  Tor  there 
may  be  a  number  of  them)  is  placed  on 
the  periphery  of  the  central  drum,  but 
only  occupies  a  portion  of  it.  The  chase 
is  curved  and  forms  the  section  of  a  cir- 
cle, with  the  surface  of  the  tvpe  forming 
the  outside  of  the  same,  "fhe  type  are 
secured  in  the  curved  chase  in  a  pecu- 
liar manner.  The  column-rules  are 
straight  and  run  parallel  with  the  shatt 
of  the  large  drum;  the  head  and  dash- 
rule:<  are  curved.  The  column-rules  have 
bottom  flanges  ;  they  slide  in  the  grooves  ' 
in  the  bed  of  the  chase,  and  are  secured  , 
by  brass  dove-tail  wedges.  The  cross 
section  of  a  column-rule  is  of  a  wedj/e 
shape,  being  thinner  at  the  bottom  than  at 
the  top,  to  wedge  in  the  type  at  the  wid- 
est part  of  a  circle  which  they  form  with 
the  large  drum.  Tiiis  is  an  essential  fea- 
ture in  securing  the  type,  and  its  appli- 
cation is  certainly  the  result  of  a  very 
happy  thought.  The  type  is  linnly 
screwed  up  in  the  cluiso  by  set  screws. 

The  surface  of  the  largo  drum  of  the 
press  is  composed  of  smooth  metal 
plates,  and  performs  the  oftice  ot  an  ink 
distributor  to  the  small  rollers  which  ink 
the  type.  Below  the  large  rotary  drum, 
there  is  a  trouirh  running  across  the 
frame,  into  which  tlie  ink  is  pumped 
from  a  reservoir  by  a  fr)rc'e  T)ninp,  so  as 
to  keep  the  trou<rh  always  tull.  Above 
the  iuK  trough  there  revolves  a  large 
roller,  which  takes  up  the  ink  on 
its  surface,  conveys  it  to  another 
roller,  that  one  to  a  third,  and  it  to  the 
smooth  surface  of  the  revolvini?  drum, 
distributinif  the  ink  on  it.  The  use  ot 
tl'.e  three  rollers  to  convey  the  ink  iVom 
the  trouirh,  is  to  work  and  spread  it  on 
the  distributing  surface.  As  the  ty{)e  in  j 
the  chaHe  staiuls  higher  than  the  smooth 
surface  of  the  rotary  drum,  the  ink-roller 
below  wouM  cover  the  type  with  ink 
wIk'm  it  ciitno  round  to  it,  were  it  not  for 
a  contrivance  (»f  Messrs.  Hoe  to  obviate 
this  difficulty.    The  large  ink-roller  below 


has  its  gudgeons  worked  on  springs, 
which  press  it  up  against  the  smooth 
surface  of  the  largo  arum,  except  at  the 
exact  time  during  the  passage  of  the 
type :  then  a  cam  forces  down  the  ink- 
roller  below  the  surface  of  the  type,  until 
the  form  is  past  the  point  of  contact, 
when  it  rises  up  against  the  distribution 
surface  with  its  supply  of  ink. 

Around  the  flxeu  frame  at  different  but 
exact  points  above  the  large  drum,  there 
are  eight  revolving  t^'mpan  cvlinaers,  or 
rollers,  which  feed  in  the  sheets  to  the 
revolving  drum,  and  against  the  surfooe 
of  which  the  form,  as  it  revolves,  im- 
presses the  paper.  The  attendants  push 
m  the  sheets,  one  by  one,  to  the  tvm- 
pans,  in  each  of  which  is  an  open  section, 
with  fingers  worked  by  a  cam,  which  are 
open  when  they  come  round  to  receive  a 
sheet,  then  close  upon  it,  wrapping  the 
said  sheet  around  trie  smooth  surface  of 
the  tvmpan  ;  at  this  very  period,  the  type 
on  the  large  drum  has  come  round,  and 
is  acting  on  the  paper.  When  the  tvpe 
has  printed  the  sheet,  the  fingers  spoken 
of  open  like  the  human  hand  and  the 
printed  sheet  is  whipped  off  the  tympan 
and  carried  away  bucK  to  the  end  of  the 
press,  there  to  do  taken  off  and  folded 
neatly  down  by  a  vibratory  flyer,  four  of 
which  are  placed  one  above  another, 
(one  for  eacn  tympan,)  at  each  side  of 
the  press.  The  two  outside  edges  of 
each  sheet  of  paper  are  held  against  a 
smooth  narrow  strap  on  the  tympan  on 
each  side.  Above  each  tympan  cylinder 
it  will  l)e  observed  there  arc  a  number 
of  small  j)ulleys,  with  straps  running 
around  them,  extending  the  whole  length 
of  each  tym]>an,  and  running  on  its  sur- 
fa«'e.  The  straps  of  these  small  pulleys 
run  away  back  over  a  like  set  of  j>ulleys, 
above  the  flyers.  Whenever  the  type 
forms  its  impression  on  the  sheet,  the 
fingers  spoken  of  let  the  paper  free,  and 
then  these  small  straps  wiiip  up  the 
sheet  and  carry  it  along,  as  on  a  flying 
railroad,  to  be  folded  bv  the  flver.  After 
the  form  makes  its  impression  on  tlie 
paper  which  is  wrapped  around  the  tym- 
pan, it  comes  in  contact  witli  the  two 
small  ink-rollers,  which  ink  the  surface 
of  the  type,  and  fit  it  to  print  the  >hect 
on  the  next  tympan,  and  so  on  continu- 
ally. These  small  inkinj.?  rollers  have 
their  journals  fitted  on  sprinjxs,  so  as  to 
allow  them  to  be  jiu.shed  up  or  down  by 
tlui  tv}>c,  and  then  to  be  lorced  afrainst 
tlie  (VislrihulinLr  surface,  to  take  up  the 
ink  for  their  next  j.i'rt'ormancc. 

In    this    one    press,    it   may   bo  said, 
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**  their  are  eipht  combined,"  that  is,  in 
respect  to  ita  effective  power.  One, 
two,  three,  or  more  tympun  cvlindere 
can  be  detarhcd,  and  the  rest  left  free 
to  work.  This  makes  it  very  conveni- 
ent, for  it  requires  but  a  moment's  labor 
to  set  tlie  press  so  as  to  work  witli  any 
number  less  than  the  eiirht  attendants. 

Altiiough  this  machine  is  so  large, 
strictly  speaking  it  is  exceedingly  simple 
in  its  operaiton,  and  it  works  with  a 
smoothness  and  regularity  that  commands 
athniration.  The  building  of  this  great 
press  lor  the  New-York  .Sun  was  com- 
menced in  184'J,  and  it  was  completed  in 
1851. 

In  the  construction  of  this  press 
Messrs.  Iloe  6i>  Co.  state  that  there  are 
employed  no  less  than  six  thousand 
bolts  and  screws,  one  thousand  two 
hundred  wheels,  two  hundred  and  two 
wooden  rollers,  four  hundred  pulleys, 
four  hun«lred  tape  guides,  bcMdcs  an 
amazing  amount  of  cogged  wiiccl  con- 
nect! ourt,  arms,  braces,  and  other  con- 
nections. There  are  also  recpiired  to  give 
motion  to  various  parts  of  the  nuu-liiiie, 
no  less  tlian  live  hundred  yards  ol' belting. 

It  can  print  lff\ooo  copies  in  one  hour. 
It  lias  been  in  siuvessful  operation  print- 
ing the  New- York  Sun  i\>r  tlie  past  six 
montiis,  and  it  operates  with  astonishing 
precision. 

The  manufactory  of  Messrs.  Hoe  «fc  To., 
N.  Y'.,  is  the  u\(>M  exlensi\-e  one  ot'  it> 
kind  in  this  country.  In  it  are  in:wle 
several  varieties  ot' presses,  l)otli  e\  Under 
and  phiten  ;  a  de^eription  ot'  tli<).--e  man- 
ufactured inthjil  establishment  to  a  LM"e:it 
extent  conii>rehends  the  notice  of  those 
pres>es  moi>l  in  une.  Among  the  cylin- 
der ])re.«'>'es  are, 

1.  The  7}/j't  lifrojriiuj  Fd-^t  Pr'tntuitj 
3fiicfii/it,  the  meehani>m  of  wliieh  is  as 
folhnvs :  — 

A  horizontal  cNlinder  of  about  four 
and  a  halt"  feet  in  diameter,  i>  mounted 
on  a  shiift,  with  aj'i'i'oj'riate  lu-nrinLTS  ; 
about  one-tourth  ot"  tin;  cirruniteri  nee 
of  this  cvlinder  constitutes  the  heil  of 
the  press,  wITu'li  is  adaj'ted  to  receive 
the  lorni  ol'tNj-es — the  remainder  is  u>e«l 
as  a  c\  limlneal  di-trih'itmu'  tai'le.  Tiie 
diameter  of  the  evliniler  is  U-stlian  tiiat 
of  the  lorni  of  tNpe>,  in  onler  tJiat  the 
distril>utin:Z  portion  ot"  it  may  pa--^  the 
iin]»re>sion  esliinhT^  \\itl,oui  t(  uchinLr. 
The  ink  i>^  contained  in  a  t'ountain  I'la'i  <\ 
beneath  the  lariTe  e_%.in'Ki\  tVom  \\|,i,-h 
it  is  taki-n  i»y  a  duiter  rolit  rand  tian^,- 
feri'vd,  \i\  a  \il)ralini:  tii-^lriiiiitinL''  rolK-r, 
to  the  eylindriv-al  dir^l^ibulin>;  laole;   llie 


fountain  roller  receives  a  slow  and  con- 
tinuous rotary  motion,  to  carry  up  the 
ink  from  the  fountain. 

The  large  cylinder  beins  put  in  mo- 
tion,  the  form  of  types   thereon  is,  in 
succession,  carried  to  four  or  more  cor- 
■  responding  horizontal  impression  cylin- 
I  ders,  arninged  at  proper  distances  around 
I  it,  to  give  the  impression  to  four  or  more 
I  sheets,   one  introduced  by  each  impres- 
sion cylinder.    The  liy  and  feed-boards 
of  two  of  the  impression  cylinders  are 
similar  to  those  on  the  well-known  dou- 
ble cylinder    press ;    on  the  other  two, 
the  sheet  is   led  in   below  and   thrown 
out    above.      The     sheets     are     taken 
directly    from   the   feed-board,    by  iron 
lingers    attached     to     each    impression 
cylinder.     Between  each  two  of  the  im- 
pression cylinders  there  are  two  inking 
rollers,  which  vibrate  on  the  distributing 
surface  while  taking  a  supply  of  ink,  and 
at  the   proper  time  are  umsed   to   rise, 
by   a  cam,  so  as   to  pass  over  the  form, 
when  thev  again  fall  to  the  distributing 
surface,    llucii  page  is  locked  up  upon  a 
detached  segment  of  the  large  cylinder, 
called    by    tiie  compositoi*s   a    "turtle,*' 
and  this  constitutes   the  bed  and  chase. 
The  column-rules  nin   parallel  with  the 
shafts  t»f   the    cylinder,  and   ore  conse- 
(piently    straight  ;    while  the  head,  ad- 
vertising,   and    dash-rules    are    in    the 
form  of  segments   of  a  circle.     A  cross 
section  of  the  colunm-rules  would  pre- 
sent  the    form  of   a    wedge,    N\ith    the 
small  end  pointing  to  the  centre  of  the 
e,N  Under,  so    as  to   bind  the  types    near 
liic  top;  lor  the  types  being  parallel,  in- 
stead of  radiating  from  the  centre,  it  is 
ohvious  tliat    if  the  column-rules  were 
also  jtarallel,  they  must   stand   ai)art    at 
the  top.  no  nujtter  how  tight  they  were 
pressed  togetlier   at  the  base;    but  with 
ihe.-e  \ved„'e  shaped  Column  rule^,  which 
aie  he!d  down  to  the  l)etl  or  "turtle"  by 
toUL'tU's,  jMojeel  ing  at  intervals  along  their 
ltn;.'tli,  and    sliding    in  rebated  trroo\es 
iiit  cro-swisc  in  the  face  of  the  bed,  the 
space  in  the  ltoovcs,   hetween  the   ool- 
unm-rules,      being      tilled    with    .-lidinp 
Morks    of  metal,   accurately    fitted,  the 
out«'r  surface  K\el  with  the   surtace  of 
tilt    bed,  the  ends  next  the  column-rules 
behiLf  eut  a\va\  underneath  to  receive    a 
pr,  jtM-tidn  on  the  side>    of  tiic  toiigU(.s, 
aU'l  seiTws  at  the  eiul  and    side  of  i-.n-n 
}>ai:e    to    lo(,'l<    them    toi^^-tlicr,  the  l^J'c.s 
arc  a.i   st-iiire  on    this    e;.  linder  as  tJiey 
can  be  on  tin-  old  llat  bed. 

A  I'lcss   with   lour    impression  c)lin 
dei-s   i>  caj'.ibli'   of  printing  lu,OiH.)  im 
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presajona  per  hour.    Four  pei'sons  are 

retinired  to  feed  in  tlic  sheets,  which  are 
thrown  out  and  hiid  in  heaps  by  nelf- 
actini?  flyers,  as  in  our  ortlinary 
cylinder  presses.  A  press  with  ei^ht 
impression  cylinders  will  print  16,000 
or  more  impressions  per  hour. 

2.  The  Single  Smalt  Ct/llmier  Printing 
Machine.  In  this  press  the  form  is 
placed  on  a  flat  bed,  and  the  impres- 
aion  taken  on  the  paper  by  a  cylinder 
while  the  form  is  passing  under  it.  The 
diameter  of  the  cylinder  is  ^mall,  allow- 
ing of  compactness,  and  increases  the 
number  of  impressions  in  a  Cfiven  time. 
One  person  only  is  required  to  feed  it, 
and  It  gives  from  2,(MM)  to  8,()(>i)  im- 
pressions per  hour.  The  printed  sheets 
arc  thrown  out  by  a  fly  frame.  By 
the  addition  of  a  register  point  appara- 
tus it  is  rendered  fit  for  book  priming. 
It  mav  be  driven  by  hand  or  steam. 

•3.  "if  he  DouhU  CyUwler  Printing  Ma- 
chine^ has  an  arrangement  similar  to 
the  foregoing,  with  the  addition  of  ano- 
ther impression  cylinder,  which  gives 
an  additional  impression  from  the  same 
form.  Two  attendants  su]>])ly  tiie  sheets, 
which  is  all  that  is  rcrjuircd  forlari^c  edi- 
tions, but  where  small  editions  are  work- 
ed otf  two  hoys  extra  arc  required  to  t^ike 
out.  A  view  of  this  press  is  given  in 
the  accompany  ill!,'  pai^c. 

4.  Patftit  Sin'th  Ijirnc  CifJijuhr  Ma- 
chine. In  thistlie  c\lin«ler  is  of  greater 
diameter  than  in  any  of  the  foregoing. 
It  has  a  perfect  register  and  sheet  tlyor, 
and  adjnst.iblo  bearers  of  iron,  so  tliat 
stereotype  may  be  worked  on  it.  One 
boy  is  required  to  feed,  and  it  trivcs 
from  one  to  two  tliousjind  impre^^sloiH 
per  hour.  Man  or  steam  j»owcr  may  1h> 
used.  India-ruhbcr  iitiprcssioii  cloths 
are  used  with  the*ie  y>rosses.  An  illtis- 
tralion  of  this  [)ress  is  here  subjoined. 

5.  The  Litth-  Johfur.  This  press  com- 
bines speed  with  durability.  It  is  ca])a- 
bie  of  throwiiivr  otf  'J.aoo  impn-ssions 
per  hour.  It  may  be  driven  by  the  foot 
and  treadle.  The  manner  of  ninniuLT  the 
biMl  is  oritrinal,  bcimr  accomplished  by  u 
crank  and  Icvcr,  which  crivcs  it  a  slow 
and  iinifonn  motion,  while  the  impres- 
sion is  being  taken,  and  a  (piick  retro- 
grade motion.  The  shcet-tlycr  is  so  ar- 
ranL'e<l  that  no  tapes  ]>as>  round  tiic  ini- 
]»rc«*sion  c\linder,  no  matter  what  the 
HJ/c  of  the  form  may  be  that  i-^  worked, 
and  thus  no  tape-,  nr  tlni/ers  li:ive  to  hv 
shit'tiMl.  It  lia««  iron  feed  and  tl\  )»oards, 
and  adjusUiblo  fountain,  knife,  and 
bearers. 


The  PaUnt  Wa«hingt  \n  Hand  Press, 
and  the  PaUnt  Sini/h  PrtttA^  are  conveni- 
ent forms  of  the  bed  and  platen  variety. 

Messrs.  Hoe  have  attached  to  these 
presses  self-inking  rollers,  which  may  be 
thus  described.  The  large  distributing 
cylinder  vibrates :  there  are  two  rollers 
to  ink  the  forms,  moving  in  a  airriage 
with  four  wheels.  The  wheels  on  one 
end  are  plain,  those  on  the  other  have  a 
projecting  flange  in  the  middle  of  the  rim. 
Two  wrought  iron  rails  are  on  the  bod 
outside  of  the  chase,  one  of  them  hav- 
ing a  groove  cut  in  its  top  to  receive  the 
projecting  flanges  on  one  pair  of  the 
wheels,  the  other  level  on  the  surface. 
Projectinar  from  the  distributor  frame 
are  two  short  rails,  on  which  the  wheels 
rest  while  the  rollers  receive  ink  from 
the  distribiitinjf  evlinder.  The  machine 
is  set  up  behind  the  press  so  that  the 
short  rails  on  it  shall  aifree  exactly  with 
the  rails  on  the  bed  of  the  press,  when 
it  is  run  out,  both  in  heii:ht  and  width. 
The  brasses  in  which  the  inking  rollers 
run,  have  retrulated  adjusting  screws, 
so  that  thev  mav  bear  more  or  less  oa 
the  tvpe  as  circumstances  nuiv  require. 

PKOMKTIIEANS.  A  term  applied  to 
small  u'lass  tubes  containing  ctuicentrated 
suipluiric  acid,  and  surrounded  with  an 
intlammable  mixture,  which  thev  ijrnite 
on  beins;  pre>seil,  and  thereby  give  in- 
stantaneous liudit. 

PROOF.  In  eugraviiii;,  an  impression 
taken  from  an  eiiL^raving  to  prove  the 
state  of  it  dnrintr  the  pro^'ress  of  execu- 
tinir  it  ;  aNo  one  taken  before  the  inser- 
tion of  the  letters  are  engraved  on  the 
plate. 

Proof.  In  printing,  an  impression  on 
which  the  errors  and  mistakes  are  mark- 
e<l  for  the  purpose  of  beini;  corrected. 
Proof's  are  tir>t  }>ro<»t*,  which  is  the  im- 
prcH^ion  taken  with  all  the  errors  of 
workmanship.  After  it  is  read  by  the 
copy,  and  the  errors  correctctl,  which  if 
not.  many,  ami  carctully  done,  another 
impression  is  prinle<l  with  more  care,  to 
send  to  the  author;  thi^  is  termed  ft 
dean  proof.  On  it  he  makes  his  correc- 
tions and  alterations:  when  tho'^c  are 
altert'd  in  the  types,  another  pro<»f  is 
])rinte<l,  and  rea<l  over  careluily,  f.ii'vi- 
ously  to  the  wliole  number  beimr  printed 
otf;  thi<  is  called  tne  jtre^s  pro,.t'. 

rUOOF  SPIRIT.  A  mivture  of  e.jual 
weJL'lit-i  of  iil)-">lute  alcohol  aud  \sater; 
the  MX  eiii  •  •j-'-.iN  i'\  of  >u.Ii  a  iirxMirels 
o".»17;  l.iii  til'-  ihii^itN  ot  tlic  proof  spirit 
of  cotnuu'ree  i-^  o'.».',(». 

PUOPAdATlOiX    OF    PLANTS.. 
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Plants  are  propagated  b^  seed,  by  run- 
ners, suckers,  offsets,  dividing  the  tu- 
bers, layers,  cuttinifs,  grrafting,  budding, 
inarcliing,  <Kc.    Seeds  are  gathered  when 
mature,  and  sown  on  recently  stirred  soil, 
and  covered  to  ditferent  depths,  accord- 
ing to  the  size  of  the  seed,  the  nature  of 
tlic  soil  and  situation,  and  other  circum- 
stances.   The  plants  formed  by  runners 
are  separated  from  the  parent  plant  by 
cutting  through  the  runner,  and  remov- 
ing the  young  plant,  in  order  to  plant  it 
elsewhere.    Suckers,  slips,  or  side-shoots 
ft'om  the  roots,  are  seiiarated  from  the 
parent  plant  by  beiug  slipped  down,  or 
cut  off,  so  as  to  carry  with  them  a  por- 
tion of  fibrous  roots ;  and  they  are  altcr- 
wards  planted  in  suitable  soil,  <fec.     Off- 
sets are  small  bulbs  which  are  produced 
round  the  base  of  larger  ones,  and,  being 
taken   off  and  planted,  become  plants. 
Tubers  are  underground  stems,  contain- 
ing leaf-buds;  and  these  may  be  sepa- 
rated and  planted  entire,  or  cut  into  as 
many  pieces  as  there  are  buds,  in  either 
of  which  cases  new  plants  will  be  form- 
ed.    Layers  are  branches  or  shoots  of 
either  woody  or  herbaceous  plants,  which 
are  bent  down,  and  a  portion  of  their 
length  buried  a  few  inches  in  the  soil ; 
that    portion    having    been    previously 
wounded  by  cutting,  bruising,  or  twist- 
ing, which,  by  checking  the  descent  of 
the  sap,  gives  rise,  after  a  certain  period, 
to  the  production  of  roots.    After  these 
roots  are  fornied,  the  portion  of  the  layer 
which  has  produced  them  is  separated 
from  the  mam  stock  or  parent  plant,  and 
planted  by  itself.    Cuttings  are  portions 
of  shoots,  either  of  ligneous  or  herbace- 
ous plants ;   and  they  are  made  of  the 
young  shoots  with  the*  leaves  on^  or  of  the 
ripened  wood  either  with  or  without  its 
leaves ;  and  after  they  have,  either  in  a 
herbaceous  state  with  the  leaves  on,  or 
with  the  wood  mature  and  with  or  with- 
out the  leaves,  been   j)roperIy  prepared 
and   planted,   they  form  roots  at  their 
lower  extremity,  each  cutting  becoming  a 
perfect  plant.    In  general,  cuttings  should 
be  taken  from  those  shoots  of  a  plant 
which  are  nearest  the  soil ;  because,  from 
the  moisture  and  shade  there,  such  shoots 
are  more  predisposed  to  emit  roots  than 
those  on  the  upper  part  of  the  plant. 
The  yonn^  or  last- formed  shoots  are  to 
be  taken  m  preference  to  such  as  are 
older,  as  containing  more  perfect  buds  in 
an  undeveloped  8t<ite,  and  a  bark  more 
easily  permeable  by  roots ;  and  the  cut- 
ting 18  to  be  prepared  by  cutting  its  lower 
•  wttremity  across  at  a  joint,  the  Icnticells 


or   root-buds   bein^  there   most  abun- 
dant. 

PRUNING.      The  art  of  cuttbff  off 
parts  of  plants,  aud  more  especially  of 
trees  and  shrubs,  with  a  view  to  stred^h- 
eulug  those  which  remain,  or  of  bringing 
the  tree  or  plant  into  particular  forms, 
calculated  to  increase  particular  products. 
Pruning,  therefore,   varies  according  to 
the  kina  of  plant  or  tree  to  be  pruned, 
and  according  to  the  object  in  view,    lo 
the  case  of  forest  trees,  the  general  ol^ed 
of  pruning  is  to  increase  the  q^nantity  of 
timoer  in  the  trunk  by  dimimshit^  the 
side  branches,  commencing  at  the  lower 
part  of  the  tree  when  it  is  quite  young, 
and  gradually  advancing  upwards  as  the 
tree  increases  in  growth,    in  the  ca^  of 
hedges,  the  object  is  to  produce  a  dense 
mass  from  the  ground  upwards,  which  if 
effected  by  shortening  the  side  branches. 
In  the  case  of  pruning  trees  which  are 
cultivated  for  the  sake  of  their  fruit  or 
blossoms,  the  object  is  to  thin  oat  the 
branches  so  as  to  admit  the  light  and  air 
more  freely  to  their  leaves  and  blossoms, 
and  to  concentrate  and  increase  the  noa- 
rishment  to  the  branches  which  remaiu. 
In  the  case  of  trees,  or  shrubs  cultivate 
for  the  beautv  of  their  shapes,  whether 
natural  or  artilftcial,  tlie  objei-t  ofpmnJDg 
is  to  deprive  the  trees  or  shrubs  of  w 
those  bnmches  which  deviate  from  or 
interfere  with  the  natural  shape,  or  with 
the  form  which  is  intended  to  be  pro- 
duced by  art.    In  pruning  with  a  view 
to  produce  ftiiit,  it  is  necessary  to  know 
on  what  description  of  branches  and  bna« 
the  fruit  is  produced.     In  some  trees,  as 
in  the  peach,  it  is  generally  produced  on 
the  wood  of  the  preceding  year ;  in  othejj^ 
as  in  the  apple  and  pear,  it  is  generally 
produced  on  wood  ol  two  years'  growth; 
and  in  the  vine  it  is  produced  on  shoots 
of  the  current  year.    The  general  effo^ 
of  pruning  on  plants  is  to  increase  their 
longevity;  since  the  tendency  of  all  ve^re- 
tables  is  to  exhaust  themselves,  and,  con- 
sequently, to  shorten  their  duration,  by 
the  production  of  seeds.     In  the  operj 
tion  of  pruning,   the  shoots  are  <^"^" 
close  to  the  buds,  or  at  a  distance  from 
them  not  greater  than  the  diameter  of  the 
branch  to  be  cut  off;    because,  without 
the  near  proximity  of  a  bud,  the  wounds 
will  not  heal  over.    In  shoots  which  pr<>- 
duce  their  buds  alternately,  the  cut  i» 
made  at  the  back  of  the  bud,  slopiiV 
tVom  it,  so  as  that  it  may  be  rcHdiiy 
covered  bv  bark  in  the  same  or  in  tne 
following  'year.      This  is    readily  done 
with  a  pruning  knife,  by  a  ulantiog  oat, 
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nude  at  an  angle  of  45°  with  the  direc- 
tion of  the  branch ;  bat,  in  the  case  of 
branches  where  the  bads  are  produced 
opposite  each  other,  either  one  bud  must 
be  sacrificed,  or  the  bruieh  most  be  cut 
off  at  right  angles  to  its  line  of  direction ; 
and  is  more  conveniently  done  by  the 
pruning  shears.  The  operation  of  prun- 
mg  muy  in  many  cases  be  superseded  bv 
rubbing  off,  or^  pinching  out,  the  leaf- 
buds,  so  as  to  prevent  superfluous  shoots 
from  being  produced. 

PRUSSIATE  OF  POTASH,  or  Fbb- 
KOCYANiDE  OF  PoTASSivM.  The  fcrrocv- 
anuret  of  potassium  is  prepared  by  gently 
igniting  carbonate  of  potossa  with  animal 
matters,  such  as  horns,  hoofs,  or  dried 
blood,  in  iron  vessels,  by  which  cyanuret 
of  potassium  and  some  cyanuret  of  iron 
are  formed;  the  soluble  parts  are  then 
washed  out  with  water,  and  sulphate  of 
iron  arlded  until  the  Prussian  bhie  which 
is  formed  ceases  to  be  decomposed  by  the 
free  potassa  contained  in  the  solution ; 
the  rerrocyanuret  of  potassium  is  then 
set  to  crystallize,  and  separated  by  re- 
peated crystallization  from  sulphate  of 
potassa.  It  is  thus  obtained  in  truncated 
octohedral  crystals  of  a  yellow  color,  com- 
monly called  Pmsaiaie  of  potash.  It  is 
much  used  in  chemistry  as  a  test  for  the 
metals. 

PRUSSIAN  BLUE.  This  salt  is  made 
by  adding  solution  of  a  salt  of  iron  to  a 
solution  of  prussiate  of  potash.  Green  sul- 
phate of  iron  is  always  employed  by  the 
manufacturer,  on  account  of  its  cheapness, 
for  mixing  with  sohUion  of  the  ferroprus- 
siate,  in  forming  Prussian  bine,  though 
the  red  sulphate,  nitrate,  or  muriate  of 
iron  would  afford  a  much  richer  blue 
pigment.  Whatever  salt  of  iron  be  pre- 
ferred, should  be  carefully  freed  from 
any  cupreous  impregnation,  oa  this  would 
give  the  pure  blue  a  dirty  brownish  cast. 
The  green  sulphate  of  iron  is  the  most 
advantageous  precipitant,  on  account  of 
its  affording  protoxide,  to  convert  into 
ferrocyanide  any  cyanide  of  potassium 
that  may  happen  to  be  present  in  the 
nncrytftallized  lixivium.  The  carbonate 
of  potash  in  that  lixivium  might  be  satu- 
rated with  sulphuric  acid  before  adding 
the  solution  ofsulphate  of  iron ;  but  it  is 
more  commonly  done  by  adding  a  certain 
portion  of  alum  ;  in  wliich  case,  alumina 
falls  along  with  the  Prussian  blue ;  and 
though  it  renders  it  somewhat  paler,  vet 
it  proportionally  increases  its  weight; 
whilst  the  acid  of  the  alum  saturates  the 
carbonate  of  potash,  and  prevents  its 
throwing  down  iron-oxide,  to  degrade 


bv  its  brown-red  tint  the  tone  ol  the 
blue.    For  every  pound  of  pearlash  used 
in   the  caldnation,  from  two  to  three 
pounds  of  alum  are  employed  in  the  pre- 
cipitation.   When  a  rich  olue  is  wished 
for,  the  free  alkali  in  the  Prussian  ley 
may  be  partly  saturated  with  sulphuric 
acid,  before  adding  the  mingled  eolutions 
of  copperas  and  lunm.    One  part  of  the 
sulphate  of  iron  is  generaUy  allowed  for 
15  or  20  parts  of  dried  blooa,  and  2  or  8 
of  horn-shavings  or  hoot^.    But  the  pro- 
portion will  depend  very  much  upon  the 
manipulations,  which,  if  skilfully  con- 
ducted, will  produce  more  of  the  cyan- 
ides of  iron,  and  require  more  copperas 
to  neutralize  them.    The  mixed  solutions 
of  alum  and  copperas  should  be  progres- 
sively added  to  the  ley  as  long  as  they 
S reduce  any  precipitate.    This  is  not  at 
rst  a  line  blue,  but  a  greenish  gray,  in 
consequence  or  the  admixture  of  some 
white  cyanide  of  iron ;  it  becomes  gradu- 
ally blue  by  the  ab^iption  of  oxygon 
from  the  air  J  which  is  ravored  by  agita- 
tion of  the  liquor.    Whenever  the  color 
seems  to  be  as  beautifril  as  it  is  likely  to 
become,  the  liquor  is  to  be  run  off  by  a 
spigot  or  cock  from  the  bottom  of  the 
precipitation  vats,  into  flat  cisterns,  to 
settle.      The   clear    supernatant    fluid, 
which  is  chiefly  a  solution  of  potash,  is 
then  drawn  off  by  a  syphon ;  more  water 
is  nin  on  with  agitation  to  wash  it,  which 
after  settling  is  again  drawn  off;  and 
whenever  the  washings  become  tasteless, 
the  sediment  is  thrown  upon  filter  sieves, 
and  exposed  to  dry,  first  in  the  air  of  a 
stove,  but  finally  upon  slabs  of  chalk  or 
Paris  pla£»ter.    But  for  several  purposes, 
Pnissian  blue  may  be  best  employed  in 
the  fresh  pasty  state,  as  it  then  spreads 
more  evenly  over  paper  and  other  sur- 
faces. 

A  good  article  is  known  by  the  follow- 
ing tests:  it  feels  light  in  the  hand, 
adlieres  to  the  tongue,  has  a  dark  lively 
blue  color,  and  gives  a  smooth  deep 
trace;  it  should  not  effervesce  with  acids, 
as  when  adulterated  with  chalk ;  nor  be- 
come pasty  with  boiling  "water,  as  when 
adulterated  with  starch.  The  Paris  blue, 
prepared  without  alum,  with  a  peroxide 
salt  of  iron,  displays,  when  rubbed,  a 
copper-red  lustre,  like  indigo.  Prnssian 
blue,  degraded  in  its  color  by  on  admix- 
ture of  free  oxide  of  iron,  may  be  im- 
proved by  digestion  in  dilute  sulphuric 
or  muriatic  ncid,  washing,  and  arying. 
Its  relative  richness  in  the' real  ferroprns- 
siate  of  iron  may  be  estimoted  by  the 
quantity  of  potash  or  soda  which  a  given 


502 


OTCLOPBDIA  OF  TUB  USEFUL  ARTS. 


[pud 


quantity  of  it  requires  to  destroy  its  blue 
color. 

Sul^>l»ureted  hydroeen  passed  thron<rh 
PruHsuin  blue  diffused  in  water,  wliiteiis 
it ;  while  prussic  acid  is  eliminated,  sul- 
phur is  thrown  down,  and  the  sesquicy- 
anide  of  iron  is  oonverted  into  the  sinyie 
cyanide.  Iron  and  tin  operate  in  the 
same  way.  When  Prussian  blue  is  made 
with  two  atoms  of  ferrooyanide  of  potas- 
sium, instead  of  one,  it  becomes  sohible 
in  water.  TIjo  following  process  deserves 
peculiar  notice,  as  the  lirst  in  which  this 
mterestinar  compound  has  been  made  to 
any  extent,  independently  of  animal 
matter.  Mr.  Lewis  Thompson,  of  Lam- 
beth, received  a  well-merited  mediU  from 
the  Society  of  Arts  for  this  invention. 
He  observed  that  in  the  common  way  of 
manufacturing  prussiate  of  potasli,  the 
quantity  of  nitrogen  furnished  by  a  given 
weiirht  of  animal  matter  is  not  large,  and 
seldom  exceeds  8  per  cent. ;  and  of  this 
HmoU  ouantity,  at  least  one  half  appears 
to  be  dissipated  dnrinjj  the  ignition.  It 
occurred  to  him  that  tlic  atmosphere 
might  be  economically  made  to  suj)i«ly 
the  requisite  nitrogen,  if  caused  to  act  iii 
favorable  circumstances  upon  a  mixture 
of  car})oii  and  potash.  lie  has  found  the 
followiiiir  prescription  to  answer:  Take 
of  peorlash  and  coke,  each  two  parts  ; 
iron  turnines,  one  part;  trrind  thcui  to- 
jifether  into  a  coarse  poAvdcr;  place  this 
m  an  open  crucible,  and  expose  the 
whole  for  half  an  liour  to  a  full  re<l  hciit 
in  an  <»pen  lire,  with  occasional  stiniiiL'" 
of  the  mixture.  During  this  proM-s. 
little  j<-t-  (>t'i»urple  Hame  will  be  oltscrxe.l 
to  n^v  from  the  surt'uce  of  the  mat<-ri;iN. 
When  these  «'e:ise.  the  crucible  must  ])e 
removed  and  allowed  to  eool.  The  mass 
is  to  be  lixiviale<l  ;  the  lixivium,  which 
is  a  solution  oi"  terrocMinide  of  potas-'ium, 
with  cxce-'S  of  |»otash,  i>  to  he  treated  in 
the  usual  way,  and  the  black  matter  stt 
aside  for  tVesh  oj.eration  Avith  a  tVe^h 
do>e  of  pcjulash.  Mr.  Thompson  states 
that  <»ne  pound  of  p,-arla>lu  eontainiiiL' 
4o  per  cent,  of  alkali.  yieMrd  1.;;."..'.  LTiains 
of  pure  l*i-us>ian  blue',  or  frrroe\  ani.le  of 
iron  ;  or  alxiut  'A  ounces  avoir.lu]>ois(.. 

PlilSSlC  ACID.  Ilydnuvanic  or 
}»rus^ie  a«-id,  whi<-h  consi-t-  of  1  atom  <.i" 
cyanoijen— •j';,-f  1  at.  of  hy.ln.u'en  —  1,  is 
prepared  by  •listiHin«r  the  nuiviirial  bi- 
cNani.le  in  a  i^'he^s  retnrt  with  thesalurat- 
iiiL'  (jUantity  ol"  dilute  nniriafie  ai-ld. 
l'ni--i.'  a<id  may  al-o  be  ohtaiiicil  i»v 
TirrcipitatiiiL'' thr  nK-miry  hy  >ul]i!inrer(Ml 
hydro;_ri>ii  .ja-,  tVoni  tlie  •^ohition  rW'ii><-\- 
anide  •  as  als(»  bv  distiHini:  the   t'.-rrocva- 


nide  of  potassium  along  with  diluto  sul- 
phuric acid.  Piussie  acid  is  a  verv'  vola- 
tile light  fluid,  eminently  poisonous,  and 
is  spontaneously  decomposed  by  keeping, 
especially  wiien  somewhat  concentnited. 

Prussic  acid  is  also  obtained  by  expos- 
ing the  horns,  hoofe,  and  dried  blood  of 
animals,  with  fixed  alkali  to  a  red  heat. 
United  with  iron  it  is  Prussian  blue,  and 
for  experiments  may  be  abstracted  frT»m 
that  pigment.  A  dog's  palate  being 
touched  with  a  glass  rod  dipped  in  it, 
the  animal  falls  tU-ad  instantly,  and  such 
are  its  usual  etfeets  on  imimal  life. 

Prussic  acid  exists  in  the  skin  of  the 
kernel  of  the  seeds  which  produce  it,  aa 
bitter  almonds,  the  cherry-laurel,  <fcc,, 
<fec.  It  is  a  compound  of  carbon  and  ni- 
trogen, called  cyanogen,  with  hydrogen, 
and  hence  called  hydro-cyanic  acid.  It 
operates  in  medicine  in  very  small  doses, 
on  the  principle  of  allaying  irritability 
without  disturbing  respiration. 

The  tests  commonly  employed  for  the 
detection  of  prussic  acid,  are,  the  smell, 
the  taste,  and  the  reaction  of  the  suspect- 
ed substance  on  the  addition  of  certain 
saline  solutions — viz.  the  solution  of  ni- 
trate of  silver,  sulf»hate  of  copper,  and  of 
any  salt  of  iron  conUiining  the  black  ox- 
i«le  of  that  metal.  Of  these  tests  the  most 
delicate,  but  j^erhaps  least  certain,  is  the 
sense  of  smell :  while  the  ferrutrinous  so- 
lution, one  of  the  least  delicate,  is,  per- 
hai'S,  the  mo«*t  certain  of  all. 

I'ri>I)LliS'(i.  This  process  lias  been 
explained  imder  Iron  manufacture.  In- 
sliad  of  heat,  eleetrieitv  is  now  brouglit 
into  pI.iA  to  etlcct  the  object,  namely,  the 
(h  (arluiiij/ation  and  j>urification  of  the 
metal.  A  ;.M-eat  economy  in  the  conver- 
sion of  the  east  into  wrouu'lit  nietal  secnis 
about  to  be  etb'ited  in  our  iron  works, 
b\  the  applieation  of  a  current  of  voltaic 
eleetiicity  to  the  crude  iron  in  a  state  of 
fusion,  whether  on  the  iiearlhof  the  blast 
furnace,  on  the  fused  pJL's  in  the  sand,  or 
on  tin-  imtal  immecliately  on  its  being 
run  iVom  the  finery  furnace  ;  the  voltaic 
t'oree  of  jVoiii  .',o  to  loo  j.airs  of  a  power- 
ful Sniee's  battery  beim;  previiuisly  ar- 
raiiL'td  to  act  uj>on  the  wh()le  train  of  the 
metal.  This  procf-s.  for  which  Mr.  Ar- 
thur Wall  ha>  recently  obtained  a  patent, 
is  loiinded  uj'oii  the  well-establi>hed  I'act, 
that  when  a  «.'ojnpound  is  subjected  lo  an 
el</«'trifa!  mrn-nt,  its  ncLrative  and  posi- 
ti\r  eKint-ni-  are  d«-ta<lu'd  fn-m  one  :ino- 
tlier.  ("rude  iron  eontains  Tuore  or  K->s 
earl>on,  sulphur,  pho-»]'horus,  arsenic, 
o\\j-rii.  aU'l  silicon — lH>dics  all  clectro- 
iH'iraliNe  in  rtlation  to  iron,  which  is  elee- 
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tro-positive.  When  the  impare  iron,  as 
it  flows  from  the  bliwt  fumaccft,  ib  sub- 
jected dariD^  it*  cooling  and  consolida- 
tion to  a  powerful  stream  of  voltaic  elec- 
tricity, the  ohomic'.il  atRnitics  by  which 
its  various  heterogeneous  components 
are  flrmlv  associated,  are  immediately 
subverted,  whereby,  in  the  ease  of  cnide 
iron,  the  sulphur,  phosphorus,  &c.. 
wliich  destrov  or  impair  its  tenacitv  and 
malleability,  become  readily  separalble  in 
the  act  of  puddling. 

The  pecuniary  advantage  of  this  pro- 
cess, in  respect  of  saving  of  labor  and 
waste  of  material,  has  been  estimated  by 
competent  judges  at  from  five  to  ten 
dollars  per  ton. 

The  ertect  of  electrising  iron  is  display- 
ed in  a  singular  manner  by  the  conver- 
sion into  steel  of  a  soft  rod,  exposed  in 
contact  with  coke,  for  a  few  hours,  to  a 
moderate  red  heat. 

PULLEY.  In  mechnnics,  one  of  the 
six  simple  machines,  or  mechanical  pow- 
ers. It  consists  of  a  wheel,  movable 
about  an  axis,  and  having  a  groove  cut  in 
its  circumference,  over  which  a  cord 
passes.  The  axle  is  supported  by  a  box 
or  sheave,  called  the  oOm:1-,  which  may 
either  be  movable,  or  fixed  to  a  firm 
support. 

A  single  pulley  serves  merely  to  change 
the  direction  ot  motion ;  but  sevend  of 
them  may  be  c<^nibiued  in  va- 
rious ways,  by  which  a  me- 
chanical advantage  ov  Vfnr/iajic 
is  gained,  greater  or  less,  ac- 
cording to  their  number  and 
the  mode  of  comVnnution.  The 
purchase  gained  by  any  com- 
oi nation  is  readily  coTuputcd 
by  comparing  the  colenty  of 
the  weight  raised  with  that  of 
the  moving  power,  according 
to  the  prineijile  of  virtual  ve- 
hu'itics,  which  is  alike  ai)pli- 
cablo  to  all  niaohinea  of  what- 
lu  fifif.  1,  which  represents  a 
system  where  the  several  portions  of  the 
cord  are  parallel  to  each  other,  suppose 
the  weight  W  to  rise  one  ineh,  the  two 
blocks  wouhl  ap[)r()ueh  each  other  l)v  that 
quantity,  an<l  eonsequcntly,  the  leiii:th  of 
conl  coiiiiceting  a  siiiLjle  pair  of  pulleys 
would  ]>c  siiortened  by  2  inches,  ho  that 
the   power   P 


ever  kind. 


Let  the  number  of  pulleys  in  each  bloek 
be  n  ;  then,  while   tin-  weiL'ht    nsceiid"*  1 


would  de«»trn(l  2  inejies 
of  pulleys 
le  tin-  weiL' 
inch,  the  power  tleset-nds  2  n  inche-^.  an<l, 
V,  when  there  is  e-iuilihriuin,  the  powi-r 
IB  to  the  weiu'lit  as  1  to  2  n. 

In  the  combination  represented  in  fig. 


2,  the  pnrchase  is  mnch  greater.  Here 
the  pulleys  are  all  movable,  and  each  is 
FJs.  8.  su]iported  by  a  separate  oord, 
liaving  one  end  fastened  to  a 
fixed  obstacle  and  the  other 
attached  to  the  succeeding 
pulley,  excepting  the  upper 
block,  whicn  is  fixed.  It  is 
evident  that,  for  every  inch 
the  weight  on  the  first  nul- 
Icy  a  ascends,  the  second,  ft, 
ascends  two  ;  the  third,  c, 
ascends  four,  ond  so  on ;  the 
velocity  being  doubled  by  each  additional 
pulley.  The  purchase  finally  obtained  is, 
therefore,  =2" ;  or  the  power  is  to  the 
wci<;ht  as  1  :  2'*. 

The  third  combination,  fig.  8,  Ims  still 
greater  efficacy.     In  this    system,  each 
cord  is  fastened  to  the  weight,  and,  pass- 
Fijj.  8.     ing  over  a  pulley,  is  attached 
to  another    pulley,    excepting 
the  last,   which  8upj>ort«  the 
power.     While  the  weight  W 
rises  1  inch,  the  first  movable 
pulley,/,  will  sink  1  inch,  which 
J/   I       allows  tlie  cord  app)ied  to  it  to 
[  dlP  slacken  2  inches,  and  this  join- 
r^  ed  to  the  inch  which  the  weight 

Ull  ascends  allows  the  second  mo- 
vable pulley.  /7,  to  descend  8  inches. 
This  allows 'the' next  pulley  in  succession 
to  descend  6  inches,  which,  joined  to  the 
1  inch  which  the  weight,  ascends,  gives  7 
inches  for  the  descent  of  the  third  pulley. 
In  like  njanner,  it  is  found  that  the  de- 
scent of  the  fourth  pulley  is  lo  inches. 
Hence,  one  movable  pulley  allows  the 
weight  to  descend  2  X  1  +  1  =  «  inches ; 
two  such  pulleys,  2  X  3  H-l  =  7  inches  ; 
3  pullevs,  2  X  7  +  1  =  15  inches  ;  four 
pulleys,'  2  X  15  +  1  =  31  inches,  and  so 
on  ;  so  that  the  purchase  obtained  by  n 
movable  pulleys,  is  2^  +  ^  —  1,  or  the 
power  is  to  the  weight  as  1  to  2"  +  ^  —  1. 
The  tluoretieal  advantiure  thus  computed 
is,  however,  in  all  the  eases,  greatly  di- 
niini>lied  by  friction,  and  the  rigiihty  of 
the  rope. 

The  two  last  combinations  are  of  little, 
if  any,  use  in  practice,  but  various  modi- 
fieations  of  the  first  arc  common.  Snmt- 
Utn'n p'llh  ff^  or  SiiO'itoirif  t<t<'A,  a>  it  is  u>u- 
ally  eali'.-d,  contains  two  rows  t>f  wlieeN, 
one  under  the  other,  in  eai'h  block,  and  a 
siiiL'le  cord  is  made  to  pass  (»\er  them  in 
such  a  mamier  that  the  power  and  ttu; 
wei'^ht  both  act  in  the  *>a;iu'  line  with  the 
centres  of  the  two  bluc-k-^,  >o  that  there  is 
no  tcndi-ncy  to  twist.  P.uttliis  iiiL'enious 
arraiiirenieiit  is  oj»en  toM-verai  <>i>jeetions, 
and  particularly  the  Lfnat  amount  of laltir- 
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d  ftiction  of  BO  many  independent  wheel  b. 
In  White's  pulky  (»«c  %.  1.)  Clie  wlieuls 

■ad  they  are  of  different  sIicb,  thoir  di- 
meusiona  being  bo  proportioued  "'    '  " 


moves  wild  the  v< 


lO  proportiou 
mfvrunce  of  i 


lUiy  whoe 


isr. 


as  the  numbers,  1,  S,  5,  £c. 
lDweraii^,4,  S,  &c    Insleadof] 
wheeia,  the  upper  and  lower  bit 
cut  in  jroovea  id  the  above  propi 
whereby  the  friction  is  reduced  to  mat  ui 
one  wEieel  iti  each  blocli. 

FUMIOE.  A  Biibftiince  frequently 
ejected  [Vom  volcanoos.  of  vurioua 
colors,  gray,  white,  reildiah  brown,  or 
black;  hani,  rou^b  and  puroua ;  spe- 
eiUcally  lighter  than  water,  and  resem- 
bling the  sliig  produced  in  na  Irau  fUniace. 
It  coiiBists  a(  parallel  fibres,  and  ia  aup- 
poited  to  be  asDesIoa  deiM>mpoBed  by  the 
action  of  Are.    I'uinite  ia  of  iliree  kinds. 


iposed  by 

'•'■-ee  km 

itip.    1 

I,   milTijii:, 


„  i^uTJ'i  wo«d,  tiiiirble, 
metals,    gloss,   ice.;  at  also    -    —   — 
pnrvhiiient.   It  is  nscAil  In  dot 
and  affording  aurtace  tor  deeoiiiiH 
in  retorts ;  it  cuusiitts  chiefly  uf  alu 
PUMP.    A  innchiue  for  ruit'Iiiff 
Though  the  forms  under  whiuli  ini 
fill  eti^iue  is  eoiiHlruclcd,  and  the 
in  which  the  power  is  iipplicd,  in 
iiiodilleil  iu  nn  iuflnitu  iiuiiihi.-r  ui 
there  are  only  tlirwj  whltl'  ■■■'"  '"■ 
deroil  us  dilicring  ftoiri 


water  oauseB  it  to  rise  in  the  pipe,  anUI 
the  tcnsian  of  the  confined  air  ^wmmea 
cqnal  to  the  presnure  of  the  atmospliere. 
On  again  ik|.re-.l!i,-  t\iv  ].l~t:.ii,  (lie  vnlio 

eurc,  and  iln-  fliiriK-  rirnaler  wliiuh  lias 


.    «Jii  r.ii-iNL'lho  uislonwheu  th 
ha.   tv:..'li.'.l   it.  tbe  diild  will  b 


i. 

Altbongli  in  theory  (lie  limit  of  the 
height  to  which  water  may  be  nised  by 
the  sncitlug  pump,  fVotn  llie  sorfiice  of 
tlie  Suid  in  tlio  well  to  the  higheot  pori- 
tion  of  the  inovnijio  piston,  is  about  34 
Icet,  (the  height  of  a  column  of  water 
which  halaiiiiia  the  pmtsara  of  the  at- 
inosphcrc),  it  la  not  found  practioihle, 
with  punips  of  the  ordinary  coustmction, 
'-'  nii'-c  it  moru  than  ubout  SS  feat.  The 
li-rcuvo  ariKe*  from  the  difficulty  of 
liiiiiK    tlie    appaiutUB    abeolatcly    air- 


ditii 


die  gun -deck,  whicti  is  lunied 
,  and  over  a  roller  in  the  pomp- 
well,  having  siuiccra  or  flat  drcnbr  pistoiui 
at  eeitain  iutcrvuls.   ICeartliDpuuij>-«ell, 


II   uvvrl"Mird.      The  dcscemling 

111'  I'haln  liJIi  tlirongh  another 

li'.l  ihe  l-'ft  tan:    L'haiu  pUIn|.^ 

'"-   throw  nut  n  ton  a  minute. 

l-aii-f  is  rejirvyenteU  at  fijr. 

|'>i'lV<r.  II,  l^irnittied  willt 


pum]  ctclopedia  or  i 

aralve  F,  opeaing  eutwunjs,  commanj-  ' 
entes  with  thu  burrel  dl  G.  On  elevntiiiu 
tha  plunger    D.   the  water  will   aicend 

''-fliledt. 


1). 


Now,  wlienthe  pli 

is  deprBBsrd,  tlie  vuvu 

wBler  between  D  uod  C 
bo  forced  through  the 
vulve  F  into  the  pipe  0 
11.  When  the  plunger 
a  raised,  the  vofve  M  F 
nhuW,  the  pMssnre  ou 
its  under  siae  being  re- 
moved, so  that  the  water 
o  the  pipe  by  the 


i  DBBPCL   ABTB, 


In  this  pnmp  the  pipe  A  A  msybedii- 
jnneiJ  mlh,  nod  the  barrel  B  immersed 


fr»me  be  now  thrust 
by  the  hendle  at  G,  the  pis- 
ton will  descend,  end  the  wa- 
ter be  forced  by  ils  upward 
preBsare  tlirongh  the  tbIvo 

level  in  the  pnmp  as  in  the  well. 
— ' —  ■' ■ frame  is  olevotc 


Q   C   will 


fi^ur  , 
«B  with  thi 
the  valve  t 

which  \ta  return  will  be  prevented  bv  tlio 

shtitlinir  ofthe  vulve  M  when  the  piiton 

deHcends. 

In  each  of  theE<e  dilferent  kiii'lH  of 

I  which  hove  boon  described,  the 

-flbrt  required  to  work  llie  machine, 

iiaepciidcutlv  of  friction,  is  equal  to  the 
reiijht  ofH  column  of  water,  the  biise  of 
whicli  is  equal  to  tlio  nreii  of  a  section  of 
the  working  barrel,  nnil  the  aititade  equal 
liataiiee  between  the  surface  of  the 


raising  (he  piston  ;  In  tha  tbreing  pitm 
one  part  is  expended  in  mising  and  lb 
other  in  depressinc  tlio  piston,  and  it  i 
adrantaiceous  to  dispose  the  mBchiiicr 

equal.  In  sin*)lpum)>s  for  domestic  pill 
poses,  the  Mrength  of  man  isufnally  cii 
ployed  an  Ihe  moving  power  ;  but  in  niii 
ing  water  from  great  deptha, 

eti  10  this  purpc 

Mr.  Von  S.-hnildI, 
naicnted  a  eentrifiigal  pnmp,  whi 


The  lining  pump  is  rcpresentwl  by  ftp. 
4.  The  barrel  of  Ihe  pump  is  ii.iniereea 
in  llio  walor  anil  flxcti  l"  im  luiin-ivublo 
frame.  The  piston  with  it-  l.n,-kel  end 
^■alvc  C.  ojwnfng  upwar.l-,  is  attsehed  at 
E  to  *noll^„.r  fmme.  (i  11  I  K  1..  con-i-t- 


isappli- 

_.,_...    (.'ifFii.EENaoE.) 
S.-hmldI,  of  New-York,  bus 


lar  flanges 

hollow  ring,  with  tlic  sides,  like  Iwo  discs 
biiliei)  tegothor,  fiimiinga  hollow  elinm- 
ber  within,  and  having  n  vide  cirriilar 
eireuinli-reiilial  eliumbcr  (lioUow  rinsh 
There  i*  ai   " '° ■"  "    ' •-  -'■■-'• 


>  P'l*  "> 


I'licd,  and  a  pipe  fo 
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power  revolves  the  arms  inside  to  raise 
and  force  the  water.  The  blades  of  the 
arms  run  in  the  circumference  or  hollow 
ring,  and  the  arms  revolve  between  the 
two  sides.  The  blades  are  not  stuffed 
nor  fitted  to  run  stiffly  in  the  hollow  ring, 
a  thing  common  to  other  rotary  pumps, 
and  which  causes  much  friction,  a  rapid 
wear  of  rubbing  surface,  and  hence  con- 
signs them  to  an  early  tomb.  It  is,  on 
the  other  hand,  fitted  to  run  with  ease, 
like  a  blower ;  so  that  its  passages  do  not 
got  clogged  up,  and  sand,  gravel,  &c.,  do 
not  injure  it.  It  requires  no  inside  pack- 
ing ;  all  the  parts  are  simple,  easily  cost 
and  put  together.  Pumns  of  this*  kind 
are  mode  capable  of  discnarging  from  6 
gallons  to  6,000  gallons  of  water  per  min- 
ute with  suction  pipe  of  wrought  or 
cast  iron,  copper  or  lead,  or  flexible  pipe 
ofleather  or  India  rubber;  also  discharge 
pipe  of  iron,  copper  or  lead,  and  hose  of 
leather,  India  rubber,  or  gutta  percha. 
It  is  both  a  suction  ana  force  pump ;  and 
may  be  used  as  a  fire  engine  by  simply 
attaching  hose  to  the  discharge-pi ]>e  :  by 
increa>'»ing  the  power,  the  quantity  of 
water  discharged  will  increase  proportion- 
ately. Its  movement  being  rotary,  this 
increase  may  be  indefinite ;  or  up  to  the 

Soint  of  velocity  with  wliich  water  will 
11  a  vacuum.  It  has  been  adopted  by 
the  United  States  government  in  the 
construction  of  the  Water  Buttery  on 
Staten  Island,  harbor  of  New-York,'  and 
at  the  extensive  fortifications  now  in  pro- 
gress on  the  Tortugas  Keys,  Florida,  and 
it  is  useful  for  almost  every  hydraulic 
purpose. 

rUKIFICATIOX  of  Gold  and  Silver, 
by  antimony.     (Under  the  article  Assay 
and  Metallvrov,  this   has  been  partly 
treatud  of.)    The  ^'oid  is  to  be  melted  iii  I 
a  crueihle  larLre  enough  to  contain  thriec 
the  quantity  of  metal.     "VV'hcn  tlie  trokl  is  ' 
melted,  twice  its  weijrht  of  snlpliuret  of  | 
antimony  powdered  is  to  be  thrown  upon 
it,  the  cfueiblc  is  to  be  covered,  and  left 
some    niinntes    in    fusion ;  uft<'i-   wliieli, 
when  the  niixtnrc  is  well  fused,  and  so  | 
hot  that  its  surface  sj»arkies,  it  is  cjuickly 
to  be  poured  into  an  iron  cone,  j^revions-  ' 
ly  heated  and  erreased.     This  matter  ton- 
sists,  when  eoM,  of  two  suhstanees  :  tlic 
upper  one  of  the  sulplmr  of  the  antimony, 
united  with  tlie  metals  witli  wliioh  tlio 
gold  was  alloyed,  and  the  lower  is  the 
gold  united  with  a  quantity  of  tlie  anti-  ' 
mony  proportionable  to  the  quantity  of  i 
metals  which  have  ])een  separated   lVf>in  i 
the  gold,  and  which  are  now  uniti;d  with  j 
the  sulpiiur  of  the  antimony.  | 


'  Ab  a  sioj^le  fosion  is  not  generally  »af- 
ficient  to  disengage  the  gold  from  all  its 
alloy,  it  ought  to  be  fused  again  in  the 
same  manner,  and  with  the  same  mianti- 
tv  of  sulphuret  of  antimony,  wlien 
these  first  fusions  have  been  well  made, 
the  gold  obtained  is  alloyed  with  antimo- 
ny only. 

It  is  then  to  be  put  into  a  large  cm<u- 
ble,  and  heated  sufficiently  to  keep  it  in 
good  fusion.  With  this  heat  the  antimo- 
ny will  be  dissipated  into  smoke,  and  the 
operation  must  be  performed  slowly,  bat 
may  be  abridged  by  blowing  on  the  sur- 
face of  the  metallic  mass,  which  greatly 
assists  in  the  oxidation  and  evaporation 
of  all  bodies,  and  particularly  of  antimo- 
ny. The  purification  is  completed  by 
nieans  of  a  little  nitric  thrown  into  the 
crucible,  which  effectually  oxides  the  re- 
maining antimony.  Sometimes  the  gold 
is  deprived  of  its  usual  ductility,  whicli  is 
restored  by  fusing  it  with  nitreand  borax. 

Purification  of  Sllvkr,  by  nitre.  The 
silver  is  to  be  first  granulated,  and  then 
mixed  with  a  fourth  part  of  its  weight  of 
dry  nitre,  an  eighth  part  of  potash,  and  a 
little  common  glass,  all  in  powder.  This 
mixture  is  to  be  put  into  a  good  crucible, 
two-thirds  of  wnich  only  must  be  full. 
This  crucible  is  to  be  covered  with  a 
smaller  crucible  inverted  and  the  whole 
subjected  to  intense  heat.  Gases  which 
are  inflammable  escape  from  the  crucible, 
and  when  it  has  been  fullv  burnt  it  i.^ 
removed  and  broken.  Tiie  silver  is 
found  in  a  button  at  the  bottom  covered 
with  ereen  alkaline  scoripp. 

rUltPLE  OF  CASSIUS  is  best  made 
according  to  the  French  Pharmacopoeia, 
by  dissolvini:  10  parts  of  acid  chloride  of 
gold  in  2,<ta0  parts  of  distilled  water; 
preparinL'  in  another  vessel  a  solution  of 
10  parts  of  pure  tin  in  20  of  muriatic  acid, 
winch  is  diluted  with  1,000  of  water,  and 
addintr  this  by  degrees  to  the  gold  solu- 
tion as  loDir  as  a  precipitate  is  formed. 
The  precipitate  is  allowed  to  subside,  and 
is  to  b(?  washed  by  means  of  decantation : 
it  is  then  filtered  and  dried  at  a  very  gen- 
tle heat. 

ITTTY.  1.  A  kind  of  paste  or  cement 
eornpoinulcd  of  whiting  or  soil  carbonate 
of  lime  and  linseed  oil,  beaten  or  kneaded 
to  the  e<nisist(nce  of  ilough.  In  this 
state  it  is  used  l)y  ^dazicis  for  fixing  in 
the  squares  of  t:!ass  in  window  I'rames, 
Are.,  and  aNo  l.y  house-painters  to  stop 
ii]>  holes  and  cavities  in  wood-work  be- 
fore pahitiiii:.  y.  A  jxnvder  of  cjilcincd 
tin,  uscmI  in  p(»lishing  iflass  and  steel.  8. 
In  tiirfiit'cfiirf,  a  verv  fine  cement,   used 
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by  plasterers  and  stone  tnosoua,  mode  of 
lime  only. 

PUTREFACTION.  The  j<nontmieoiiR 
decomposition  of  animal  ana  vegetable 
Bobstimces,  attended  by  the  evohition  of 
fetid  pases.  By  this  process,  Buch  siib- 
Btunccs  are  reduced  either  to  their  oricri- 
nal  separate  elements,  or  to  much  more 
pimple  compounds.  The  putrefaction,  or 
putrefactive  fermentation  of  animal  sub- 
stances, is  usually  attended  by  more  fetid 
and  noxious  exhalations  than  those  aris- 
irijf  tVom  vegetable  products,  arising 
chiefly  foom  the  more  abundant  presence 
of  niiro^ren  in  the  former.  The  forma- 
tion of  ammonia,  or  of  ammoniacal  com- 
yjounds,  is  a  characterii>tic  of  most  cases 
of  animal  putrefaction,  while  other  com- 
binatiotis  of  hydrogen  are  also  fonned, 
especially  carburretted  hydrogen,  to«re- 
tlier  with  complicated  and  ofien  liijrhlv 
infectious  vapors  or  gases,  in  which  suf- 
phur  and  phosphorus  are  frequently  dis- 
cerned. Tiicse  putrefactive  etttuvm  are 
for  the  most  part  easily  dccomj>osed  or 
rendered  innocuous  by  the  ajfcnoy  of 
chlorine:  hence  the  importance  of  that 
BuV)stance  as  a  powerful  and  rapidly  act- 
tiuL'  disinfectant.  The  rapidity  of  putre- 
faction and  the  nature  of  its  products,  are 
to  a  great  extent  influenced  by  tcnipera- 
tnre,  moisture,  and  access  of  air.  A 
temperature  betueen  Cu"  and  80'^,  a  due 
deirrcc  of  hunudity  and  tree  access  of  air, 
are  the  circumstances  under  which  it 
proceeds  most  rai>idly.  Hence  the  ab- 
straction of  the  air,  and  water,  or  humi- 
dity, or  its  fixation  by  cold,  bv  salt,  f^uirar, 
spices,  (fee.,  will  counteract  the  process  of 
putrefaction.      {Ste  Fkumentation,    Dk- 

(^OMPOSITION.) 

PUZZOLANA,  or  PUZZrOLANA. 
A  loose  porous  volcanic  substance  or 
earth  of  a  gray  color,  (Icriviiiir  its  name 
from  Puzzuoli,  in  Italy,  whence  it  was 
oricfinally  brousrlit.  It  is  toinul  in  many 
other  parts  of  Italy,  and  ^'oncraily  in  tlic 
neitrhborhood  of  volcanoes  juti\c  (»r  ex- 
tinct, from  whence  it  has  been  thrown 
out  in  the  form  of  ashes.  It  is  composed 
of  silicious,  aririllaccous  and  calcan-oiis 
earths,  an(i  iron.  When  mixed  with 
one-third  of  its  weiirht  of  lime  and  water 
it  iininediatelv  hanlens,  formin;;  an  ad- 
mirablo  water  cement. 

PYKITI-:^.  The  snl|)huret«j  of  cop- 
per  and  iron,  conunonjy  distinirni^lu'd 
as  ''oppcr  an<l  inm  y»Nritrs. 


Tl 


le   loijuer 


i-*  the  j'Tineipal  ore  of  eoj.pcr ;  the  latt'T 
isan  Ariundant  natural  luodurt  ofa  brass- 
yellow  color.  Wiien  cx|»o^^•(l  to  air  and 
moisture,   especially   alU-r  havinir   been 


heated,  it  absorbs  oxygen,  and  yields 
sulphate  of  iron^  or  green  vitriol.  The 
term  is  derived  trom  »rwp,  Jire  ;  either  be- 
cause they  sometimes  spontaneously  ig- 
nite, or  as  being  hard  enough  to  strike 
fire  with  steel. 

PYRO-ACETIC  SPIRIT.  This  liquid 
was  discovered  and  described  by  Chene- 
vix  long  before  pyroligne&us  spirit  wa« 
known.  It  may  be  obtained  by  subject- 
ing  to  dr\'  distiflatiou  the  acetates  of  cop- 
per, lead,  alkalies,  and  earths ;  the  liquor 
which  comes  over  then  should  be  set 
apart,  separated  by  decantatiou  tVom  the 
empyreumatic  oil,  and  distilled  a  second 
time  by  the  heat  of  a  water-bath.  The 
fine  lijfht  fluid  which  now  comes  over 
first,  is  to  be  rectified  along  with  carbo- 
mite  of  potassa,  or  chloride  of  calcium. 
As  pyro-acetic  spirit  usually  retains,  even 
after  repeated  distillations,  a  disatfreeablo 
em[>>reumatic  smell,  like  garlic,  a  little 
good  bone-black  should  be  employed  in 
its  final  rectification.  It  is  verj-  combus- 
tible, and  burns  with  a  brilliant  flame, 
without  smoke.  "When  treated  by  chlo- 
rine, it  loses  an  atom  of  its  hydrogen,  and 
absorbs  2  atoms  of  chlorine.  It  is  soluble 
in  water,  alcohol,  ether,  and  is  not  con- 
vertible into  ether  by  strong  sulphuric 
acid.  It  is  used  for  dissolving  the  resins 
commonly  called  gums,  with  which  the 
bodies  of  hats  are  stitfened. 

PVROLIUNKOUS  ACID  has  been  no- 
ticed under  acetic  acid.  It  is  made  by 
the  distilliition  of  wood  in  close  vessels. 
The  retorts  are  of  cast  iron,  6  feet  long, 
and  3  feet  s  inches  in  diameter.  Two  of 
these  cylinders  are  heated  bv  one  fire, 
the  flame  of  which  plavs  rountf  their  sides 
and  upiter  surface  ;  ^)Ut  the  bottom  is 
shieldea  by  flre-tilcs  from  the  direct  ac- 
tion r>f  the  tire.  Two  cwts.  of  coals  are 
snfUeient  to  complete  the  distillation  of 
one  ehar«;e  o\'  wood  ;  8G  imperial  gallons 
of  crude  vincL'ar,  of  specific  gravity  1m»25, 
btiiii:  obtained  froui  each  retort.  The 
process  oceupics  li-t  hours.  The  retort- 
mouth  is  then  removed,  and  the  ignited 
ehareoal  is  raked  out  for  extinction  into 
an  iron  chest,  having  a  groove  round  its 
ciliT*"*.  into  which  a  lid  is  fitted. 

When  this  pyroliL'ncous  aeid  i*  satu- 
rated with  quicklime,  and  distille«l,  it 
yields  one  per  cent,  (►f  pyroxiTu'  spirit 
(sometimes  called  naphtha)  ;  which  is 
re<  titied  by  two  or  three  huecessive  dis- 
tillations witli  ([uickrune. 

The  tarry  deposit  ««tlhe  crude  ]>yr"lifr- 
ne<»us  aeid.  beiui,'  sui)ji'eted  to  di^lilla- 
tion  by  itself",  all<trds  a  crude  pyn>-aeetic 
ether,'whieh   may  also  be  [►unticil  by  re- 
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dieitniation  with  qnicklimc,  and  subse- 
quent agitation  with  -water. 

Tlie  pvTolignite  of  lime  is  made  by 
boiling  tlie  pyroligneons  acid  in  a  large 
copper,  which  has  a  sloping  Hpoiit  at  its 
lip,  by  which  the  tarry  i*cuni  fri'ely  flows 
over,  as  it  froths  up  with  the  heat.  The 
fluid  compound  thus  purified  is  syphoned 
oflf  into  another  cop|)er,  and  mixed  with 
a  quantity  of  alum  equivalent  to  its 
strength,  m  order  to  form  the  red  liquor, 
or  acetate  of  alumina,  of  the  calico-prin- 
ter. The  acetate  of  lime,  and  sulphate  of 
alumina  and  potash,  mutually  decompose 
each  other;  with  the  formation  of  sul- 
phate of  lime,  which  fails  immediately  to 
the  bottom. 

M.  Kestner,  of  Thann,  in  Alsace,  ob- 
tains, in  his  manufactory  of  pyroligneous 
acid,  5  hectolitres  (112  gallons  imi)orial, 
nearly)  from  a  cord  containing  93  cubic 
feet  of  wood.  The  acid  is  very  brown, 
much  loaded  with  tar,  and  marks  !)° 
Baum^  ;  220  kilogrammes  of  chnrcoal  are 
letl  in  the  cylinders;  5<X)  litres  of  that 
brown  acid  protluee,  alter  several  distil- 
lations, 375  of  the  pyroliirncous  acid  of 
commerce,  containing  7  percent,  of  acid, 
with  a  residuum  of  40  kilogranimcs  of 
pitch.  For  the  purpose  of  making  a 
crude  acetate  of  lead  (pyrol ignite)  he 
dries  pyrolignite  of  lime  upon  iron  plates, 
mixes  it  with  the  equivalent  deoonij)()siiiir 
quantity  of  snlpluiric  acid,  j»rcvi<«nsly  di- 
luted with  iti*  own  weight  of  Avater,  and 
cooled  ;  and  transfers  the  mixture  as 
quirkly  as  possihlo  into  a  cast-iron  <  yliii- 
aric  still,  built  hori/ontally  in  a  l'iirn:i«T  ; 
the  under  half  of  tlu;  month  of  tlie  o\liii- 
der  being  always  cast  with  a  sciniclrilo  of 
iron.  The  ft«'i'tic  acid  is  ni-fivi-d  into 
lartre  salt-glazed  st<>ne  hottios.  From 
loo  parts  of  acrtate  of  linic,  he  obtains 
13:i  of  acetic  acid,  at  3s^  IJaumo.  It  ••on- 
tains  always  a  little  sulj.linri'us  arid  from 
the  reaction  of  the  tar  and  the  sulj.luiric 
acid. 

Stoltze  has  asoertaincd,  by  numerous 
exjicrinuMils,  thai  one  pouii<l  ot"  \v<.<.d 
yieltl.H  tVoni  «",  to  7i  ounce-*  ot"  li<|nid  im.- 
diu-ls  :  l)ut  in  a«'«tic  aci<l  it  alf-T.N  a 
quantity  varyiiiL''  from  *J  to  '».  acc.r.liuir 
to  the  nature  of  the  wo.id.  Hard  timl.rr, 
which  has  LTOwn  slowly  upon  a  <lry  soil, 
irivesthe  stroPL^  st  vincL^ar.  White  hir<-h 
and  red  hccch  alfoid  per  pound  7^  oun<i.s 
of  wtM)d  vincL'ar,  1|  onn.v  ol"coml)ii>til.Ic 
oil.  and  4  oiui«'rs  ofcliarcoal.  (  Mic  ounce 
of  that  vim-LTar  ^;^tu^ar^'■^  llo  L'faiiis  of 
carbonate  ot  i»otas>a.  Ktd  \<\in'  \  i<  Ids 
per  j.oimd  >\i  ounces  of  vine^^'ar,  I'l  oun<es 
of  oil,    '.',}  ounces  of  charcoal  ;  liut  one 


ounce  of  the  vinegar  satuniteB  only  44 
grains  of  carbonate  of  potassa,  and  han 
therefore  only  two-fifths  of  the  strength 
of  the  vinegar  from  Uie  birch.  An  ounce 
of  the  vinegar  from  the  white  beech,  hol- 
ly oak  {I<ex)y  common  ash,  and  horse 
chestnut,  saturates  from  90  to  100  gnuns 
ot  the  carbonate.  In  the  same  circum- 
stances, an  ounce  of  the  vinegar  of  the 
alder  and  white  pine  saturates  from  58  to 
60  grains. 

PYKOLIGNEOUS  or  PYROXILIC 
SPIRIT,  improperly  called  naphtha. 
This  is  employed,  as  well  as  pyro-acetic 
ether,  to  dissolve  the  sandarach,  masu**, 
and  other  resinous  substances,  which, 
under  the  name  of  gums,  are  used  for 
stillening  the  bodies  of  hats.  It  is  de- 
scribed in  the  article  Ptrolionkous  Ann, 
how  this  spirit  is  obtained.  Berzelius 
has  found  that  the  crude  spirit  may  be 
best  purified  by  agitating  it  with  a  fat  oil, 
in  order  to  abstract  the  empyreumatic 
oil ;  then  to  decant  the  spirit,  distil  it. 
firj»t  with  fresh  calcined  charcoal,  and 
next  with  chloride  of  calcium.  The  py- 
roligneons spirit,  thus  purified,  is  color- 
loss,  and  limpid  like  alcohol  ;  has  an 
ethercous  smell,  somewhat  resembling 
that  of  ants.  Its  taste  is  hot,  and  analo- 
'  gous  to  that  of  oil  of  peppermint.  Its 
specific  gravity,  given  by  Ure,  is 
Os-24.  It  readily  takes  fire,  and  bums 
with  a  blue  flame,  without  smoke.  It 
combines  with  water  in  any  proportion  ; 
a  pro]>erty  which  distinguishes  it  troni 
p\ro-ucetic  ether  and  spirit. 

*  I'YlioLlSlTE.  A  mineralogical  term 
apj)licd  by  some  to  the  common  black  or 
binoxide  of  manganese,  from  the  facility 
with  wliich  it  is  resolved  by  heat  into  ox- 
ygen an<l  a  suboxide. 
*  I'YKoMKTKK.  An  instrument  for  the 
nieasurmcut  of  temperatures  above  those 
\vhi<h  we  arc  able  to  estimate  by  the 
nuniirial  thernn»meter. 

Tiiat  of  l>aniel  has  superseded  that  of 
\Ved::ewood.  It  consists  of  a  bar  of 
}>latina,  and  a  tube  of  black  lead.  Its 
di  terminations  are  made  bv  an  index, 
attached  to  the  platina  bar,  which  expands 
and  contracts,  and  the  index  traverses  a 
circular  scale  tixed  to  the  tube,  and  is  in- 
\  ariabh'  when  applied  to  the  same  oVijcct.**. 
Wed^'cuood's  irives  the  same  indii'jitions 
at  a  low  lieat  long  eoniinuetl,  as  to  great 
heat  suddenly  brought  in  conluet,  and 
therefore  fails. 

(JuNtcn  de  Morveau  ]Te^ented  to  the 
Freiich  Inslitute  a  p\r(»meter  of  platina, 
which  niea.-uied  hiirh  temperatures  bv 
the  expansion  oi  this   refractory  metal. 
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An  improvement  of  thin  instrnment  was 
broujrht  forward  by  Mr.  Daniel  in  1821, 
which  consisted  of  a  barofplatina  ten 
one-fifth  inches  lonjr.  and  0*14  inch  in 
diameter.  It  is  placea  in  a  tube  of  black 
lead  or  earthen  ware,  and  the  difference 
between  the  expansion  of  the  platina  bar 
and  the  earthen  ware  tube  is  indicated  on 
a  circular  scale.  This  pyrometer  indicates 
a  chanf^e  of  about  7°  of  Fahrenheit ;  or, 
in  other  words,  1°  of  Daniel  is  equal  to 
7°  of  Fahrenheit.  The  following?  are 
some  of  the  results  obtained  by  this  in- 
strument. 


DiUliel. 

Fnhr. 

Rdiling  point  o 

f  mercury.. 

920 

6440 

Fusing  point  of  tin 

63 

441 

tt         •( 

bismuth  . . 

66 

462 

u           u 

lead 

87 

609 

u           u 

line 

91 

648 

u           u 

brass 

267 

1869 

((               u 

silver 

319 

2233 

it          .( 

Conner. . . . 
gold 

3^ 

2r>18 

i(              u 

370 

2590 

M                 (( 

cast  iron  .. 

497 

3479 

Red  heat  just 
day-Iielii... 

visible  in  ^ 

140 

990 

Heat  of  a  common  fire.. . . 

163 

1141 

J'^using  Points  of  Mef^U,  d'^nvedfrom  their  ExpatisloM  to 
212-*  and  662^,  «u/)fHiscd  eqiuibU. 


Fn.m  21 '2«  nXf- 

Fn.m  Mt"  nU. 

Tin 

47|o 
670 

2i:»9 

3IJ96 

Lead 

Zinc 

•  •  •   a 

Silver 

2fM9 

Copper 

2:«}6 

Caflt-iron 

2489 

Real  Tempenitare. 


Mr.  Prinsep  has  framed  a  pyrometer 
which  determines  hi^h  temperature  trom 
the  fusiiiif  point  of  different  metals,  and 
metallic  allovs. 

PVKOPHORUS.  An  artificial  product, 
which  takes  fire  on  cxpo>*urc  to  the  air. 
It  i»  prepared  by  several  methods.  Four 
or  five  parts  of  burnt  alum  are  ming:ic<l 
with  two  of  charcoal  powder.  The  mix- 
ture if*  introduced  into  a  vial  or  matrass. 
The  viai  is  fillc<l  two-thirds,  and  put  in- 
to a  crucihie.  Tlie  body  of  tiie  flask  is 
also  surrounded  witii  sand,  at'ler  which 
the  crucible  is  put  into  a  furiiHoe,  and 
surrounded  with  rcd-h<>t  coals.  The  fire 
is  frraduaily  increased  until  the  flask  be- 
comes red-hot,  at  wliieh  temporature  it 
is  maintained  for  about  a  (luarler  of  an 
hour.  As  soon  as  tlie  vessel  is  cool 
enouifh  to  be  haiuUcMl,  it  is  taken  out  of 
tliesimd,  and  the  contents  transferrc«i  in- 
to a  dry  gliLss,  made  warm,  which  must 
be  secured  with  a  glass  stopper.  Wiieii- 
ever  this  mixture  is  poured  out  in  the 
air,  it  takes  fire. 

A  pyrophorus  may  be  prepared  by  mix- 
\\\'Z  tliree  parts  of  alum  with  one  of  wheat 
flour,  and  i-aloiiiinj^  tiiem  in  a  vial,  as  in 
tlio  aho\e  cas*. 

Tartrate  of  lea  1.  also  on  beini;  heated 
in  a  irlii-*"  tiil^o  until  it  heofJiui'scoiivorterl 
into  ci»alv  matter,  ffivcs  rise  to  a  beauti- 
ful  pyrophorui.. 

The  pyrophorus,  invented  by  Doctor 


4420  by  Thermometer. 

612    by  Thermometer. 

773  by  Pyrometer. 
1S73  by  Pyrometer. 
VyyCi  by  Pyron.^:tor. 
2786   by  Pyrometer. 


Hare,  is  formed  from  heatinjr  a  mixture 
of  three  parts  lampblack,  four^  calcined 
alum  and  eight  pearloshes,  in  agun-bar- 
rcl.  The  mixture  is  maintained  at  a 
cherry-rod  heat  about  one  hour,  or  until 
it  ceases  to  give  off  inflammable  sros  at 
the  orifice  of  the  tube,  after  which  it  is 
withdrawn  from  the  furnace,  and  closely 
corked  from  the  air.  When  cold,  if  pour- 
ed from  the  gun-barrel  into  the  air,  it 
immediately  glows  and  takes  flre:  and 
more  es[)eeially  if  breathed  upon,  or 
slightly  moistened.  This  pyrophorus 
may  be  preserved  in  its  full  activity  for 
a  year  or  more,  if  well  corked  up  from 
the  air. 

PYKOTECITNY  FIREWORKS.  The 
composition  of  luminous  devices  with 
explosive  combustibles,  is  a  modem  art, 
resulting  from  tlic  discovery  of  gunpow- 
der. 

The  three  prime  materials  of  this  art 
arc,  nitre,  sulpliur,  and  charcoal,  along 
with  filings  ot  iron,  steel,  cony»cr,  zinc, 
and  resin,  camphor,  lycopodium,  <fcc. 
(iuniiowder  is  used  citfier  in  yrrnin,  half 
cruslu'd,  or  finely  crronnd,  tor  ditTerent 
piirj)o^es.  The  lontror  the  iron  filintrs, 
the  brigliter  red  and  white  sparks  they 
gi\e;  those  heini;  pret\'rred  whieh  are 
made  witli  a  very  course  tile,  and  <|uite 
free  fr<'iu  rust.  Steel  fiiiuL's  and  east-iron 
Ivtrinirs  contain  ( arlxui,  and  ulfor^l  a  more 
brilliant  fire,  with  wavy  nidiutions.    Cop- 
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per  fllings  give  a  greeniBh  tint  flame; 
tboae  of  zinc,  a  fine  blue  color ;  the  huI- 
pharet  of  antimony  gives  a  less  greenisli 
olue  than  zinc,  but  with  much  smoke; 
amber  affords  a  yellow  flre,  as  well  as 
colophony,  and  common  siut;  but  the 
last  must  bo  very  dry.  Lampblack  pro- 
dnoes  a  very  red  color  with  gunpowder, 
and  a  pink  with  nitre  in  excess.  It  serves 
for  making  golden  showers.  The  yellow 
sand  or  glistening  mica,  communicates 
to  fireworks  golden  rarliationa.  Verdi- 
gris imparts  a  pale  green ;  sulphate  of 
copper  and  sal-nmmoiiiac,  a  jiulm-trce 

Srcen.  Camphor  yields  a  very  white 
lune  and  aromatic  fumes,  which  mask 
the  bad  smell  of  other  substances.  Ben- 
zoine  and  storux  are  used  also  on  account 
of  their  agreeable  odor.  Lyco})odiura 
bums  with  a  rose  color  and  a  n'uignificent 
flame ;  but  it  is  principallv  employed  in 
theatres  to  represent  ligfitning,  'or  to 
churjfe  the  torch  of  a  fury. 

Fireworks  are  divided  into  three 
classes :  1,  those  to  be  set  oft*  upon  the 
ground ;  2,  those  which  are  shot  up  in- 
to tlie  air ;  and  8,  those  which  act  upon 
or  under  water. 

Composition  for  /e^  of  iire  ;  the  com- 
mon prepanition  for  rockets  not  more 
than  \  of  an  inch  in  diameter,  is  :  gun- 

fowder,   16    narts ;    charcoal,   3    parts, 
'or  those  of  larger  diameter;  gunpow- 
der, 16  ;  steel  filings,  4. 

BriUiiant  revolving  wheel ;  for  a  tube 
less  than  |  of  an  inch  ;  gunpowder,  IfJ  ; 
Bteel  fllinfirs,  8.  When  more  than  | :  gun- 
powder, 16 ;  fiUn^s,  4. 

Chinee  or  Ja^milne  Jive;  when  less 
than  I  of  an  inch:  gunpowder,  1«);  nitre, 
8:  charcoal  (fine),  3;  sulphur,  3  ;  ])<>iincl- 
eci  cast-iron  borings  (snuill),  10.  When 
wider  than  | :  gunj>owder,  16  ;  and  nitre, 
12;  charcoal,  3;  sulphur,  8;  eoarsc  bor- 
ings, 12. 

AJij-td  brilUant ;  less  than  f  in  (liinne- 
ter:  gunpowder,  16;  steel  filinu's,  4;  or, 
punpowder,  16  ;  and  finely  pounded  bor- 
ings, 6. 

Fixed  fnins  arc  composed  of  a  certain 
number  of  jets  of  fire  distributed  circu- 
larly, like  tlie  spokes  of  a  wh(>e].  All 
the  fusees  take  tire  at  once  through  chnn- 
nels  charged  with  (piiek  nuitehes.  Gh>ritfi 
arc  lanre  suns  with  several  rows  of  fusees. 
Fiina  are  portions  of  a  sun,  hrinir  ^e('t^•rs 
of  a  circle.  The  PatU  d'oit  is  u  fan  with 
only  three  jets. 

(\isi'(td4'fi  imitate  shecTs  or  jits  of  wjiti-r. 
The  ('hiiie>e  fire  is  best  iuliipted  to  hiu-h 
decorations. 

Fijced  stars.    The  bottom  of  a  rocket  is 


to  be  stnffed  with  day,  and  one  diameter 
in  height  of  the  first  preparation  being 
introdiioed,  the  vacant  space  i«  to  be  fiUea 
with  the  followiuff  oomposition,  and  the 
mouth  tied  np.    The  pasteboard  mast  bo 

Eicrced  into  the  preparation,  with  five 
oles,  for  the  escape   of  the   luminous 
rays,  which  represent  a  star. 

Composition  affixed  start :  — 

Ordinaiy.  Brighter.    Colored. 

Nitre 16  j2  0 

Sulphur 4  6  6 

Gunpowder  meal.    4  12  16 

ADtimony 2  12 

Lances  are  long  rockets  of  small  diam- 
eter, made  with  cartridge  paper.  Those 
which  bum  quickest  should  be  the  long- 
est. They  are  charged  by  hand  without 
any  mould,  with  rods  of  different  lengths, 
ancl  are  not  strangled  at  the  mouth,  but 
merely  stuffed  with  a  quick  match  of 
tow.  These  lances  form  the  figures  of 
great  decorations  ;  they  are  fixed  with 
si)ring8  upon  large  wooden  frameworks, 
representing  temples,  palaces,  pagodas, 
<fec.  The  whole  are  placed  in  communica- 
tion bv  conduits,  or  sma i  paper  cartrid- 
ges, lilvc  the  lances,  but  somewhat  coni- 
cal, that  they  may  fit  endwise  into  one 
another  to  any  extent  that  may  be  desir- 
ed. Etich  is  furnished  with  a  match 
thread  fully  li  inches  long,  at  its  two 
ends. 

Composition  for  the  tchite  lances:  nitre, 
16;  sulphur,  8;  gunpowder,  4  or  8.  For 
a  hhiivt-white :  nitre,  16;  sulphur,  8; 
antimony,  4.  For  blue  lances :  nitre,  16; 
antimony,  8.  For  yelli/ic :  nitre,  16  ;  gun- 
powtler,  16  ;  sulphur,  8;  amber,  8.  For 
//( Ihricer  o\U'»  :  nitre,  16  ;  gunpowder,  16; 
sulpliur,  4;  colophony,  3;  amber,  4. 
For  {iretnish  ones  :  nitre,  16;  sulpliur,  6; 
antimony,  6;  verdijrris,  6.  ¥or  pint  Ian- 
c€s :  nitre,  16 ;  gunpowder,  3  ;  lampblack, 

The  Bengal  flames  rival  the  licrht  of 
day.  They  consist  of,  nitre,  7  ;  sulphur. 
2  ;  antimony,  1.  This  mixture  is  pressoa 
btronuiy  into  carthern  porringers,  with 
some  bits  of  quick  nuiteh  strcweci  over 
the  surfjiee.  These  flames  have  a  fine 
theatrical  etleet  for  oonflatrrutions. 

lit  iolritnj  nuns  tire  wheels  upon  whose 
eircumterence  rockets  of  difierent  styles 
are  tixtnl,  and  which  communicate  bv 
cintthi}t}<,<o  iliat  one  is  liirhted  up  in  suc- 
cession after  nnolher.  Tlie  composition 
of  their  common  fire  is,  tor  sizes  oelow  f 
ot' an  inch:  L'nn]>owder  meal,  16;  char- 
coal. Hut  to<»  fme.  3.  For  larger  sizes: 
gunj»owder,  iio  ;  charcoal,  not  too  fine,  4. 
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For  ^ry  radiatumt :  gaDpowder,  16; 
yellow  uiicaocouft  sand,  2  or  8.  For 
mijred  radiations:  ffnnpowder,  IG;  pit- 
cottl,  1;  yellow  sand,  1  or  2. 

The  ioavlng  or  double  Catharine  toheeU 
are  two  Aims  turning  about  the  same  axis 
in  opposite  directions.  The  fusees  are 
fixed  in  obliquely,  and  not  tanffontially 
to  their  peripheries.  The  wheel  spokes 
are  charged  with  a  great  number  of  fii- 
pees ;  two  of  the  four  wings  revolve  in 
the  one  direction,  and  the  other  two  in 
the  opposite;  but  always  in  a  vertical 
plane. 

The  rockets  which  rise  into  the  air  with 
a  prodigious  velocity  are  among  the  most 
common,  but  not  least  interesting  fire- 
works. When  employed  prof uael;^,  they 
form  those  rich  volleys  or  fire  which  are 
the  crowning  oniamcnts  of  a  public  fete. 
The  cartridge  is  similar  to  that  of  the 
other  jets,  except  in  regard  to  its  length, 
and  the  necessity  of  pasting?  it  strongly, 
and  planing  it  well ;  but  it  \a  charged  m 
a  ditierent  manner.  As  the  sky-rockets 
must  fly  oft'  with  rapidity,  their  compo- 
sition should  be  such  as  to  kindle  instant- 
ly throughout  their  length,  and  extricate 
a  vast  volume  of  elastic  fluids.  To  effect 
this  purjiose,  a  smull  cylindric  space  is 
left  vacant  round  the  axis ;  that  is,  the 
central  line  is  tubular.  The  composition 
of  sky-rockets  is  as  follows  : — 


"When  tlif  boff  Ib 

8-4  of  an  ineh  : 

Nitre 

16 

Chnrooal 

7 

Sulnliur .' 

4 

Brilliant  Fire. 
Nitro 

16 

C'lmrooftl 

Piilpliiir 

6 
4 

Fine  8t<»el  filings 

Cfiinese  Fire, 
NItrfl 

8 
16 

Chnrroal 

4 

Snlphnr 

Fln»^  borings  of  cnst-lron 

8 

8  conrser 

The  cartridge  being  charged  ra  above 
dopcribcd,  tho  jM)t  must  l>c  adjusted  to  it, 
with  the  garniture ;  that  is,  ti>e  serpents, 
the  crackers,  the  stars,  the  sliowers  of 
fire,  <fec.  The  pot  is  a  tul>e  of  pasteboard 
wider  than  the  body  of  the  roi'ket,  and 
about  one  tliird  of  its  lentfth.  After  be- 
in^r  stranirled  at  the  bottom  like  the 
mouth  of  a  vial,  it  is  attached  to  the  end 
of  thcfuscc  by  means  of  twine  and  pa^te. 
These  arc  afterwards  covered  with  pa|)cr. 
The  garniture  is  introduced  by  the  neck, 
and   a  paper  plug  is  laid  over  it.     The 


whole  18  inclosed  within  a  tabe  of  paste- 
board terminating  in  a  <^Q®2  ^^^^^  ^ 
firmlv  pasted  to  the  pot.  The  quick- 
match  is  now  finally  inserted  into  the  soul 
of  the  rocket.  The  rod  attached  to  the 
end  of  the  sky-rockets  to  direct  their 
flight  is  made  of  willow  or  any  other 
light  wood. 

The  garnitures  of  the  sky-rocket  pots 
are  the  following : — 

1.  Stars  are  small,  round,  or  cubic 
solids,  made  with  one  of  the  following 
compositions,  and  soaked  in  spirits. 
White  stars,  nitre,  16 ;  sulphur,  8  ;  gun- 
powder, 8.  Others  more  vivid  consist  of 
nitre,  16 ;  sulphur,  7 ;  gunpowder,  4. 

Stars  for  golden  shoicers,  nitre,  16;  sul- 
phur. 10;  charcoal,  4;  gunpowder,  16; 
lampblack,  2.  Others  yellower  are  made 
with  nitre,  16;  sulphur,  8;  charcoal,  2; 
lampblack,  2 ;  gunpowder,  8. 

Tne  serptnts  are  small  fusees  made  with 
one  or  two  playing  cards  •  their  bore  be- 
ing less  than  half  an  ineli.  The  lardons 
are  a  little  larger,  and  have  three  cards  ; 
the  vetUles  are  smaller.  Their  composi- 
tion is,  nitre,  16 ;  charcoal,  not  too  fine. 
2 ;  gunpowder,  4;  sulphur,  4  ;  fine  steel 
filings,  6. 

The  craeker  is  a  round  or  souare  box 
of  pasteboard,  filled  with  granulated  gun- 
{x>wdcr,  and  hooped  ml  round  with 
twine. 

Roman  (Indies  are  fusees  which  throw 
out  very  bright  stars  in  succession.  With 
the  composition  (as  under)  imbued  with 
spirits  and  gun-water,  small  cylindric 
masses  are  mwlo,  pierced  with  a  hole  in 
their  centre.  These  bodies,  when  kin- 
dled and  projected  into  the  air,  form  the 
stars.  There  is  first  put  into  the  cartridge 
a  charge  of  fine  gunpowder  of  the  size 
of  the  star ;  above  this  charge  a  star  is 
placed  ;  then  a  charge  of  composition  for 
the  Roman  candles. 

Jioman  candles^  nitre,  16;  charcoal,  6; 
sulphur,  8.  When  above  |  of  an  inch, 
nitre,  16;  charcoal,  8;  sulphur,  6. 

PIIOSPIIORITE,  APATrrE.  Native 
Phosphate  of  lime,  natural  Bone-earth, 
Under  these  various  terms,  nearly  syno- 
nymous, are  comprehended  a  variety  of 
mineral  which  is  rather  sparinsrly  diffus- 
ed, and  has  lately  become  of  considerable 
value  in  an  agricultural  i>oint  of  view,  as 
a  su})stitute  for  bonc-ciust  and  guano, 
and  in  a  manufacturing  point  of  view,  as 
the  crude  material  from  which  phosphorus 
may  be  readily  obtained.  A/t'itlt*  is  a 
mineral  which  crystallizes  in  the  regular 
six-sided  prism  usually  terminated  by  a 
six-sided    truncated    pyramid ;     it    has 
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ufiunlly  n  yellowiBh  green  tint,  and  is 

trausliiceiit.  In  hardness  it  ranks  above 
fliiorh))<ir,  and  below  feldspar.  It  is  a 
compound  of  phosphate  of  lime  with 
fluoride  of  calcium.  It  principally  oc- 
curs in  primitive  rocks,  and  is  found  in 
the  tin  mines  of  Cornwall,  England,  in 
those  of  Bol'.emia,  Moravia,  and  Saxony, 
and  from  the  rocks  of  St.  Gothard. 
Apntitc  is  found  in  granitiform  rocks  in 
New  York,  New  England,  and  New  Jer- 
-cv,  in  isoiiited  crystalline  ma'^&es.  Its 
oolor  is  no  distinguishing  test,  as  it  as- 
puincs  ilie  tint  of  the  neighboring  rocks, 
beinjf  thus  calculated  to  lead  to  decep- 
tion us  to  its  nature  from  whence  it  has 
derived  its  name  {deceitful  Gr.)  Those  of 
a  bluish  or  green  color  may  easily  be  mis- 
takf!n  for  beryls.  Some  are  colorless, 
violet,  or  lilac,  and  if  not  distinctly  crys- 
tiillizcd  niiiy  be  mistaken  for  fluon*y)ar. 
Tlie  specific  gr.  of  the  crj'stals  of  apatite 
is  81.  Tliey  are  soluble  in  nitric  acid, 
and  beonie  piiosphorescent  when  heated. 
Asparairus  stone  is  of  a  green-yellow 
color,  found  in  the  Tyrol,  where  the  crys- 
tals arc  imbedded  in  talc.  Moroxitc  is  a 
name  trivcn  to  bluish-green  cryritals  from 
Anul.il,  Norway.  It  is,  however,  un- 
common to  find  it  in  large  nuisses  as  well 
defined  crystiils.  It  is  more  common 
in  the  fibrous  and  amorphous  condition. 
In  the  latter  state  it  is  known  as  j)lios- 
phorite.  This  mineral  is  opaque,  of  a 
white  or  ycllr)w-wlute  tint,  of  a  feathery 
strueture,  with  numerous  small  cavities. 
This  variety  is  nuissive,  and  at  La^rosso, 
in  E.-treniadura,  Spain,  forms  entire  hills  : 
it  is  there  used  as  a  buildinsr  stone.  In 
Iluntraiy  ]>hospiiorite  oceurs  of  a  loose 
eariliy  texture  in  thin  beds.  In  this 
coiuitry,  besides  the  localities  of  crystal- 
line a])atitc,  there  arc  two  loeations  where 
phosphate  of  lime  occurs  in  abundance  ; 
fuie  «'f  these  is  near  Crown  Toint,  on 
Lake  Champlain,  where  Dr.  Emmons 
iliseovered  it  in  ttiiu.  He  has  des<'ribed  it 
as  being  in  be<ls  of  aluiost  mUiniited 
(juantity,  and  of  a  great  deirree  of  purity, 
yielding  as  much  as  ••:)  per  cent  or  phos- 
phate of  lime  on  aiuilysis;  the  Lnmiruo 
rork  is  serpentine,  which  eoTinnuiiicnites  a 
tfreen  tint  to  the  phosphorite  of  lluit 
l<K>aIity.  ^  The  other  j)oint  where  ])hos- 
ph'Tite  is  found,  is  in  Morris  County, 
Sew  Jersey,  near  Pimple  Hill,  wlnre  it 
has  been  found  as  a  vein,  or  dyke,  run- 
niii!^  throutrli  a  ferruiiinous  feMspathic 
rock,  wliieh  Jiere  tiuL'es  the  phosi-noritc 
brownish  red.  This  vein  is  «4e!ni-(ry>talline 
in  soine  sjiots,  and  of  eonsitlerable  j.uritv. 
Tlic  extent  of  this  vein  has  l)een  traeetl 


in  length  for  two  miles,  and  it  is  stat«d 
to  have  a  breadth  of  eight  feet :  five  feet 
below  the  surface,  it  widens  on  qoarry- 
ing  down.  These  are  among  the  largeet 
beds  of  phosphorite  known,  and  are  of 
incalculable  value  either  for  art,  or  for 
agriculture. 

The  analysis  of  the  New  Jersey  bed 
of  phosphorite,  with  the  gangue  or  fcld- 
Bpathio  rock  bv  which  it  was  surrounded, 
made  by  the  Editor,  yielded  the  follow- 
ing results  in  100  parts. 


Phoapbate  of  lime  • 
Alumina  and  oxide  of  iron 
Lime      .... 
Magnesia    .       .       -       . 
Chlorine-       ... 
Fluorine     -       .       -       . 
Alkaline  salta 
Sihca         .       .       .       . 


Specific  gravity 


1 

2 

8 

5-8 

2-6 

93« 

2-5 

1-0 

— . 

0-9 

2^2 

36 

03 

0-1 

02 

1-0 

0-7 

2-6 

2-3 

traces 
•1 
933 

— 

'  87-2 

— 

100-       100- 

100- 

,    2S3 

2-31 

3 

No  1,  waa  a  mass  of  rhomboidal 
quartz  with  mica,  and  tinged  with  oxide 
of    chrome. 

No.  2,  was  the  feldspathic  gangue  stone 
in  the  immediate  vicinity. 

No.  3,  apatite  from  the  vein.  This 
sample,  heated  with  sulphuric  acid,  gave 
otV  no  hydrofluoric  acid  vapors,  showing 
the  absence  of  fluorspar,  which  usually 
accompanies  phosphate  of  lime.  In  ita 
plaec,  liowcver.  was  sulistitnted  chloride 
of  sodium,  givinjr  it  some  resemblance 
to  the  variety  described  by  H.  Ko.«4e  aa 
elor-apatitc.  The  mineral  found  in  New 
Jersey  is  very  brittle,  easily  pulverized, 
and  niiirht  be  readily groundinto powder, 
and  made  marketable  as  a  substitute  for 
b<>ne-tlust,  of  which  it  has  precisely  the 
mineral  composition,  rhosphoritc'ns  a 
mineral,  is  generally  found  in  primary 
rooks,  aiul  in  eontact  with  serj>cntinc. 
IMiosohate^  of  lime  has  however  been 
found  in  Kiiirhind  and  Europe  (continen- 
tal I.  in  other  situations,  as  in  beds  of  clay, 
of  the  upi>er,  secondary,  and  tertiary 
periods.  Captain  Ihhotsnn  has  found 
}>hosi)hate  of  lime  in  the  chloritic  marl  of 
the  Isle,  of  Wiffht.  This  is  peoloL'"ie«Ily 
the  upner  green  sand-bed  immediately 
niuler  tlie  eluilk-marl.  In  the  lower  part 
of  tlie  irreeii  sand-bed.  ammonites  and 
scaphites  oeeur  mixed  with  coprolitic 
niassrs,  rich  in  jdiosphate  of  lime;  the 
eoprolitt's  are  now  understood  to  be  the 
fossil  ('xcrctions  of  the  Saurian  tribes. 
Mr.  Ne-lMtt  has  t'oiiiid  in  the  ehalk-marls 
phosi>liutc  of  lime  to  the  extent  of  two  or 
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three  percent.  Nodules  (oonroUtes),  from 
the  gaidt.  near  M-aidatone,  England,  have 
fUrnishea  twenty-eight  per  cent  of  phos- 
phate of  lime.  The  green  sand,  and 
upper  secondary  beda  of  this  country, 
have  not  been  examined  sufficiently  to 
determine  whether  it  exists  or  not.  Mr. 
KogerSf  in  his  ecological  report  of  the 
State  of  New  Jersey,  looks  upon  the 
richne«ts,  as  n  manure,  of  the  green  sand 
to  be  due  to  the  potash  present  iu  it,  of 
which  substance,  in  some  cases,  he  ob- 
tained so  much  as  seventeen  per  cent. 
Other  analyses,  by  ditferent  chemisto, 
httve  not  supported  this  large  amount  of 
alkali,  and  it  is  probable  that  some  of  its 
fertility  may  be  due  to  the  preseuce  of 
phospliate  of  lime. 

QUARRYING,  is  the  extracting  stones 
from  strata  lying  in  regular  layers,  and 
performed  by  the  pick,  wcdjfe,  leyer,  or 
iron  crow,  and  hammer.  When  not  in 
layers,  or  in  rocks,  harder  than  sand- 
stone, recourse  is  had  to  blasting,  for 
which  Hancock's  fuses  are  a  very  suc- 
cessful modern  invention. 

QUARTATION.  In  metallurgy,  the 
separation  of  silver  from  gold  by  means 
of  nitric  acid.  To  extract  the  whole  of 
the  silver  from  gold  by  the  action  of  nitric 
acid,  it  is  necessary  that  there  should  bo 
at  least  three  parts  of  silver  to  one  of 
gold,  otherwise  the  gold  protects  the 
silver  from  the  action  of  the  acid;  so 
that,  in  thus  separating  these  precious 
metals,  it  is  customary,  where  gold  great- 
ly predominatax,  to  add  silver  till  it  con- 
stitutes at  least  three  fourths  of  the  allov. 

QUARTER.  The  fourth  part  of  any 
thinsr.  As  a  term  of  weight,  it  denotes 
the  tburth  of  a  hundred  weight,  or  '2S 
pounds;  as  a  dry  mciusure,  it  signifies 
the  fourth  of  a  chaldron. 

Quarter.  The  after  part  of  the  ship's 
side.  Oiithe  qiiarUr^  implies  tjjc  l»eiirinif 
or  position  of  an  object  seen  between  abati 
and  abeam. 

QUARTZ.  The  name  given  by  min- 
eralogists to  numerous  varieties  of  rock 
crystals,  the  native  oxides  of  silicium, 
called  also  silicious  or  flint  earth,  and 
silicic  acid.  Quartz  is  most  coniprclien- 
sive  in  its  varieties.  It  occurs  botli  crys- 
tallized and  massive,  and  in  both  states 
is  most  abundiuitly  ditru««ed  throuijhout 
nature,  and  is  especially  one  of  the  con- 
stituents of  granite  and  .!ie  oUler  rocks. 
It  generally  occurs  in  hcxa;;<)nal  prisms,  ' 
terminated  by  hcxaironal  {lyrann.ls.  It 
scratches  glass  readily,  gives  lire  with 
steel,  becomes  pobitivcly  electrical  l\v 
friction,   and  two  pieces  when    rubbed 
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together  become  lumiaooa  iu  the  dark. 
The  colors  are  various,  as  white,  gray, 
reddish,  yellowish  or  brownish,  purple, 
blue,  green.  Horn  stone,  amethyst, 
siderite,  agate,  avanturine,  flinty,  opal, 
chalcedony,  onyx,  sardonyx,  ana  jasper 
are  varieties,    f See  Lapidary.) 

QUASSIA.  A  name  formed  in  remem- 
brance of  a  negro  named  Quassy,  who 
first  made  known  the  medicinal  virtuod 
of  one  of  the  species.  A  genus  of  South 
American  tropical  plants,  consisting  of 
trees ;  nat.  order  Simarubacfe.  The  wood 
of  two  species  is  known  in  commerce  by 
the  name  of  Qiuissla  ;  Q.  amara,  a  native 
of  Surinam ;  and  Q.  ejrceUa  (Picroina 
exceUa^  Lindley)j  a  native  of  Jamaica. 
Both  kinds  are  unportod  in  billets,  and 
are  inodorous,  but  intensely  bitter,  espe- 
cially the  Jamaica  Quassia.  The  active 
principle  has  been  termed  ^uassite,  a 
neutral  body  readily  soluble  in  alcohol. 
Qua<48ia  is  a  pure  and  ulmple  bitter,  pos- 
sessing marked  tonic  properties,  and 
hence  useful  in  debility,  particularly  of 
the  stomach  and  muscsilar  system.  It  is 
generally  given  in  the  form  of  infusion. 
An  infusion  of  quassia  sweetened  with 
sugar  is  useful  to  destroy  flies.  The 
wood  of  Q.  excelsa  is  employed  by  fraud- 
ulent brewers  in  adulterating  beer,  as  a 
substitute  for  Hops. 

QUERCITRON.  \.T\\<i  Quercua  nwra, 
bVxck  oak,  or  dyer'if  imk\  which  grows  from 
Canada  to  (ieorgia,  ana  west  to  the  Mis- 
sissippi. It  frecjuently  attiiins  the  height 
of  seventy  or  eighty  feet,  and  is  one  of 
the  largest  trees  of  the  American  forests. 
2.  The  bark  of  the  Qu^rcas  nigray  or 
American  oak  •  it  is  a  highly  valuable 
dye-stutf,  and  is  used  in  the  production 
of  some  of  the  most  durable  yellows.  It 
was  first  brought  before  the  public  by 
Dr.  Bancroft.  Although  this  oak  affords 
a  yellow  color,  yet  it  is  not  the  yellow nak^ 
that  name  being  commonly  applied  to 
QutrrtiM  CaMutKit.     (.sVe  Oak.) 

QUICKLIME.  Caustic  lime.  Lime- 
stone freshly  burnt,  and  deprived  by 
that    means*  of   its  ciirbonic  acid.     See 

LtUK.) 

QUICKSILVER.  (Sej^  Mercury.) 
QUINIA,  or  QUININE.  An  alkaline 
base  obtained  from  yellow  bark ;  the 
Ciiuhoiui  cordifolit.  This  substance, 
combined  with'  -sulphuric  acid,  forms  the 
fii/ljj/uif*'  of  quinla,  wbicli  i"*  now  so  ex- 
tcn>i\ely  used  as  a  medicine,  and  as  a 
su]>?^tilute  for  the  various  I'ornis  of  Peru- 
vian bark.  To  obtain  (luinia,  bruised 
yellow  bark  is  boiled  in  repeated  ]M)rtion8 
of  water,   acidulated  by  sulphuric  acid, 


514 


OTOLOPEDIA    or  THB    U&KFUL   ARTS. 


[ 


HAI 


till  all  its  soluble  matters  nre  extracted  ;  a 
little  excess  of  quicklime  ia  then  added  to 
the  strained  deeootiou,  and  the  precipi- 
tate which  is  tbnncdis  colleeted,  washed, 
and  carefully  dried ;  it  is  then  digested 
in  alcohol,  which  takes  up  the  quinia, 
and  fk'om  which  it  may  be  obtained  in 
the  form  of  a  yellowish  uncrystollizable 
substance  by  careful  evaponitaon.  It  is 
dissolved  in  dilute  sulpnuric  acid,  and 
the  sulphate  of  quinine  or  quinia,  crys- 
tiUlizes  from  its  concentrated  solution  in 
fine  silky  prisms,  which  otiloresee  on  ex- 
|X)sure  to  air.  Sulphate  of  quinia  is  ditti- 
cultly  soluble  in  water,  and  intensely 
bitter.  It  is  more  strictly  a  disulpluite  uf 
quinia. 

Cinchona  exists  in  all  barks  to  some 
extent ;  and  there  are  several  modes  of 
separating  the  quinine  from  the  cinchona, 
viz: — 

1.  By  evaporating  the  alcoholic  solu- 
tion on  cooling,  the  cinchona  crystallizes, 
while  the  quinine  remains  dissolved. 

2.  Digestion  in  ether  dissolves  the 
quinine,  and  leaves  the  eincliona. 

8.  We  may  supersatunite  hliglitly  the 
two  bases  with  sulphuric  acid.  Now  ns 
the  supersulphate  of  quinine  is  sparingly 
soluble,  the  liquor  need  only  to  Ijc  evap- 
orated to  a  proper  point  to  crystallize  out 
that  suit,  while  the  supersulphate  of  cin- 
chona continues  in  solution  with  very 
little  of  the  other  snit.  Even  this  may  bo 
separated  by  precipiUitiiig  the  ba>e^,  and 
treating  them,  as  above  prescribed,  with 
alcohol  or  cthor. 

One  pound  of  bark  rarely  vieUls  more 
than  two  drncluns  of  the  bases.  One 
pound  of  red  biirk  ntfordcd,  to  rtllcticr 
and  (\iventou,  74  sraiiis  of  ciiicliona, 
and  lo7  sfruins  of  (jninino. 

Quinine  is  coiniKiscd  of  7.'>*7'>  carbon, 
7"r>2  hydrotren,  8-11  azoic,  and  ^'*\\  oxv- 
gen. 

The  salts  of  quinine  are  di>tim:nislic(l 
by  their  strong'  ta^le  of  IVnixiun  bark, 
and  ifcrystallizol,  by  tlicir  j)carl\  lustre. 
Most  of  tliein  arc  soluble  in  wah-r,  and 
some  also  in  ether  and  alcohol.  The  ^^ol- 
ubU;  salt^  are  precipitated  by  the  oxalic, 
gallic,  and  tartarie  aciils,  and  by  tin;  suits 
of  these  acifN.  Infusion  of  nutirails  also 
precipitates  thern. 

The  suljdiato  of  quinine  is  the  onlv  ob- 
ject of  mainitactnring  operations.  l"j.<.n 
the  brownish  viscid  inas^  obtained  in  anv 
of  the  above  j«roees-cs  for  ol.taininL'' 
qnininy.  pour  vc?-y  dilute  sulj^huric  aci.l, 
in  sutlifieiit  <iuaiility  to  jiro<liiec  satura- 
tion. The  solurion  nnist  be  then  treated 
with  animal  charcoal,  filtered,  evaporated. 


allowed  to  oool,  when  it  deposits  oiya- 
tols.  10i»  parts  of  barks  afford,  upon 
an  average,  12  parts  of  sulphate.  The 
sulphate  of  cinchona,  which  is  formed 
at  the  same  time,  remains  dissolved  in 
the  mother-waters. 

RACEMIC  ACID.  An  acid  found, 
together  with  the  tartaric  acid,  in  the  tar- 
tar obtained  from  certain  vineyards  on 
the  Rhine.  It  is  \\i^ paraiartarvc  acid  of 
Berzelius.  It  is  less  soluble  in  water 
than  tartaric  acid,  and  differs  in  the  fonn 
of  its  crystals  and  in  its  salts  ;  yet  it  ap- 
pears to  be  iwfnericj  and  to  have  the 
same  equivalent  with  the  tartaric  acid. 

RAILING.  A  fence  or  barrier  made 
of  posts  and  rails.  The  most  ordinary 
fence  of  this  description  in  the  country 
is  formed  of  woo<len  posts  let  in  the  soil, 
so  as  to  stand  upriglit,  to  wliich  are 
nailed  .or  mortised  horizontal  wooden 
rails,  one  above  another,  at  such  a  dis- 
tance as  to  prevent  domestic  animals 
from  penctnitmg  through  them.  In  some 
cases  one  horizontal  rail  is  fixed  to  the 
posts  near  the  ground,  and  another  near 
the  top  of  the  post,  and  the  interval  be- 
tween them  is  rendered  impervious  to 
cattle  by  upright  rails  nailea  to  the  top 
and  bottom  horizontal  rail.  Iron  railiuga 
are  genendiv  formed  in  this  manner. 

RAILROADS  or  RAILWAYS.  Roads 
constructed  of  tracks  of  iron  called  rtnV#, 
on  which  the  wheels  of  carriiures  roll, 
and  to  which  they  are  confined  b^-  ledges 
or  ji^imjiM  raised  either  on  the  rail  or  on 
tlai  tires  of  the  wheels. 

Jli^tvi'if  of  Jidiliruf/g.  About  the  mid- 
dle of  tho  17th  century,  the  transport  of 
coals  tVotn  the  pits  to  the  harbor  was  ef- 
feetcl  in  the  coal  districts  of  Northum- 
berland and  Durham  by  laving  down  pa- 
rallel traeks  of  timber  witli  a  liorsc-palh 
between  them,  the  wheels  bcinir  contincd 
ui'<»n  the  beams  or  rails  of  timber  by 
ledires  or  tlanL'es  projecting  from  the  in- 
side of  the  tiro  of  the  wheels.  Tlu^so 
timber  rails  were  constructed  in  piccvsof 
about  six  fiet  long  with  a  i^cction  of 
about  tour  inches  square  ;  thev  wore  sujh- 
'orieil  on  pieces  ot  timber  ciilled  ^Urptrs 
aid  at  riifht  angles  to  them  transversely 
on  the  road.  These  sleepers  were  laid 
at  about  tw(»  feet  aj>art,  so  that  each  pair 
of  parallel  rails  was  supported  by  three 
slct  pcrs  ;  l>esides  giving  support  to  tlie 
rails,  these  sleepers  also  had  the  elfct  of 
maintuininir  the  rails  in  j/auge,  or  in  kecjv- 
inu'  llit'in  at  a  tixed  ilistance  asunder. 
The  rails  were  fasteneilto  the  sleepers  by 
)ins  driven  «iuitc  through  tho  i*ails,  and 
ilf  way  through  the  sleepers;  to  pre- 
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Berve  the  nnifonnity  of  the  npper  ear- 
face  of  the  rail,  these  wooden  pins  were 
pinned  off  at  the  top. 

The  neoesaity  of  ffivlng  room  for  the 
flunfipcs  of  the  wheels,  runninff  as  they 
did  Dolow  the  surface  of  the  rail,  and  the 
small  depth  between  the  surface  of  the 
rail  and  the  sleeper,  rendered  it  impossi- 
ble to  protect  the  sleepers  effectually  from 
the  action  of  the  horses^  feet  by  any  co- 
vering of  gravel  or  other  material.  The 
sleepers  were  consequently  subject  to  be 
worn  and  destroy ea.  The  roils,  also, 
*  being  worn  by  the  action  of  the  wheels 
still  more  rapidly  than  the  sleepers,  re- 
quired to  be  frequently  replaced ;  and, 
each  new  rail  being  pinned  aown  to  the 
same  sleeper,  the  ends  of  the  sleepers 
were  gradually  perforated  by  so  many 
holes  that  the  sleepers  were  weokenea, 
and  required  to  be  soon  replaced.  These 
defects  were  remedied  by  the  adoption 
of  the  double  timber  railway,  which  con- 
sisted in  laying  upon  the  surface  of  the 
timber  rails,  above  described,  additional 
rails  of  timber  of  equal  scantling,  at- 
tached to  the  lower  rails  by  wooden  pins, 
passing  quite  through  the  upper  ana  half 
through  the  lower  rails,  in  the  same  man- 
ner as  the  lower  rails  themselves  were  at- 
tached to  the  transverse  sleepers.  This 
change  was  attended  with  many  advan- 
tages. Besides  the  increa«»ed  strcnjyth 
given  to  the  rails  by  the  double  timbers, 
the  depth  of  the  sleepers  below  the  up- 
per surface  of  the  superior  rail,  allowed 
the  sleepftrs  to  be  protected  from  the  ac- 
tion of  the  horses'  feet  by  covering  them 
with  broken  stones,  gravd,  or  other  road 
materials.  The  structure  of  rails  and 
sleepers  also  being  stronj^cr  and  more 
weighty,  and  held  down  by  the  road  ma- 
teriiU  with  which  the  sleepers  were  co- 
vered, allowed  a  packim?  or  ballasting  to 
be  driven  under  the  rails,  so  ns  to  give 
greater  stability  and  flnnncas  to  the  road. 
Another  advantage  obtained  by  this  ar- 
rantfcment  wai<,  that  wlien  the  superior 
rails  were  worn  by  the  action  of  the 
wheels,  they  could  be  replaced  by  new 
ones  without  disturbing  the  inferior  rails ; 
and  as  the  places  of  the  joints,  and  those 
at  which  they  were  attached  by  pins  to 
the  inferior  rails,  could  be  varied  at  plea- 
sure, the  pin-holos  made  in  the  interior 
rails  would  not  come  in  the  same  place, 
or  near  each  other,  so  as  injuriously  to 
weaken  the  latter. 

The  next  improvement  consisted  in  the 
addition  of  a  plate  or  bar  of  iron,  about 
two  inches  broad  and  half  an  iueli  thick, 
laid  olcvig  the  upper  surface  of  the  supe- 


rior Tail,  and  attached  to  it  bv  nails  or 
iron  pins  oonntersnnk  in  it.  Tlie  wheels 
of  the  carriages  ran  upon  this  iron  rail, 
which  formed  a  more  durable  surfietoe 
than  that  of  the  wood.  In  oar  country 
railways  of  this  construction  are  still  in 
very  general  use.  They  are  recommended 
by  the  abandanoe  and  cheapness  of  tim- 
ber, and  the  comparative  high  cost  of 
iron.  Such  a  road  is  tolerably  effloient 
where  the  traffic  is  light,  and  can  there- 
fore be  resorted  to  in  localities  and  cir- 
cumstances in  which  an  adequate  return 
could  not  be  obtained  for  the  capital  ne- 
cessary for  the  construction  of  these  tim- 
ber railways.  On  this  continent  many 
other  improvements  have  been  intro- 
duced, more  especially  in  the  substruo- 
ture  of  the  road.  In  laying  oat  the  road- 
way for  the  reception  of  the  rails,  two 
parallel  trenches  are  cut  along  the  line  of 
way  corresponding  to  the  distance  be- 
tween the  nuls,  and  transverse  trenches 
at  right  angles  to  these  are  cut  to  receive 
the  sleepers  :  these  trenches  are  respeo- 
tively  bottomed  with  a  ballasting  of  oro- 
ken  stone,  on  which  the  rails  and  cross- 
sleepers  rest.  This  basis  answers  the 
double  purpose  of  a  Arm  and  durable 
support  for  the  road  and  an  effectual 
means  of  drainage.  The  scantling  of 
the  timbers  used  for  the  rails  is  usually 
six  inches  in  width  bv  ten  inches  in 
depth  :  they  are  attached  to  the  sleepers, 
so  as  to  be  at  once  kept  from  springing 
from  them  and  from  altering  their  gauge, 
by  the  following  means :  A  notch  is  cut 
in  the  sleeper  corresponding  to  the  size 
and  form  of  the  rail  ;  and  tne  rail,  at  the 
place  where  it  is  let  into  the  sleeper,  is 
formed  with  a  vertical  surface  on  the 
outside,  and  a  levelled  surface  on  the 
in«<irle,  increasing  in  width  downwards. 
When  let  into  the  notch  of  the  sleeper, 
the  levelled  part  of  the  rail  is  forced  into 
the  corresponding  cavity  of  the  notch  by  a 
wedjje  driven  between  the  outside  edge  of 
the  rail  and  the  outer  surface  of  the  notch. 
Until  within  a  recent  period,  stone 
blocks  were  universally  regarded  as  the 
best  permanent  support  for  the  rails 
wherever  they  could  oe  laid  upon  a  solid 
antl  durable  foundation,  and  wooden 
sleepers  were  only  resorted  to  as  tempo- 
rarv  supports,  to  bo  ultimately  super- 
5*e(fcd  by  stone  blocks  whenever  the 
foundation  of  the  road  should  bo 
properly  consolidated.  Opinion  has, 
tiowcver,  underj;one  some  chancre  on 
tliis  subject,  and  wooden  sleepers  are 
now  soriietiinos  used  in  preference  to 
stone  blocks   for  permanent  purposes : 
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whether  they  will  prove  eoonomical,  when  ' 
sabmitted  to  the  trial  of  a  lonn^  period  of 
time,  experience  alone  can  deciae. 

The  chairs,  which  are  the  immediate 
sapporta  or  props  on  which  the  railt) 
rest,  are  attached  to  the  centre  of  the  up- 
per surfaces  of  the  blocks  hi  the  follow- 
mg  manner :  Two  holes  are  drilled  in  the 
blocks  to  a  sufficient  depth,  about  2 
inches  in  diameter,  into  wliicn  plugs  of 
oak  or  other  hard  wood  are  driven ; 
holes  are  then  bored  in  these,  8-8ths  of 
an  inch  in  diameter,  corresponding  in 
poHition  with  two  holen  in  the  chair  of 
cast  iron,  which  is  to  support  the  rail. 
Iron  pins  of  half  an  inch  m  diameter  are 
then  driven  throuj^h  the  holes  in  the 
chairs  into  the  holes  in  the  block,  a  piece 
of  patent  felt  being  placed  between  the 
chair  and  the  block ;  and  the  chair  is 
thus  firmly  fastened  to  the  block. 

The  chairs  are  formed  of  ctu<t-iron, 
formed  with  a  cavity  corresponding  to 
the  magnitude  and  form  ot  tlic  mil : 
they  vary  verj'  much  in  thoir  size  and 
form,  according  to  the  opinion  or  judg- 
ment of  the  engineer. 

A  great  variety  of  expedients  have 
been  resorted  to  to  maintam  the  rail  fixed 
in  its  position  in  the  chair.  Pins  and 
wedges  of  iron  were  first  used  of  various 
forms,  and  applied  in  various  way:*. 
These,  however,  have  now  lx;cn  very 
generally  superseded  by  the  simple  e<>n- 
trivance  of  a  wooden  block  or  wedL'o, 
driven  in  Vietween  the  side  of  the  chair. 
These  wed^res  are  prepared  by  previous- 
ly pjLssing  thcin  tlirouLdi  a  hy«lrostatic 
press,  so  as  to  luirdeii  tlieiu  hv  e.\i>or.inLr 
them  to  a  severe  |>rcssurc.  Hc>^idcs  af- 
fordiiiif  a  vcrv  ellectujil  tiusteninii:  to  the 
rail  ill  the  ehair,  lhe>e  wcdiros,  t'rDin  the 
niiture  of  the  material,  sotlcn  the  jar 
wliicli  attends  the  transition  of  the 
wheels  over  the  chaii-s. 

The  distance  between  the  bcariiiizs  or 
chairs  luis  also  been  subject  to  cliaiiL'e. 
The  nccessarv  strenjrth  or  weijlit  of  the 
rail  will  evitloiilly  depend  on  this  dis- 
tance; the  ;/reater  the  distance  between 
the  props,  the  /greater  must  be  the 
strouL'th  of  the  rail  ;  and,  so  far  as  re- 
gards the  expense,  the  enjrineer  has  to 
balance  the  eo-^l  of  heavier  rails  a;:aiiist 
the  saviiii;  etVccted  l»y  a  diiniuiNlu-d 
number  of  l»locks  and  c-liairs.  Hut,  iii- 
depeiideiitly  ot"  the  con>ideratiori  of  ex- 
pense, the  etl'ect  upon  the  curria-jcs  and 
eiiiriiies  is  to  be  c<Misidererl.  Iktweeii 
ehair  and  chair,  a  .-liL'iit  tlexiin-  of  the 
rail  takes  j.Jm-c,  aiul  llie  \vheeI■^  liM\e 
Con-»j.jiientl\  to  pa>->over  a  nerie- <>i \iiu- 


neoces,  so  as  to  give  to  the  carriages  a 
pitching  motion,  the  intervals  and  degree 
of  which  must  depend  conjointly  on  the 
strength  of  the  rails  and  the  distance 
between  the  chdrs. 

The  least  distance  between  the  chairs 
now  used  is  8  feet,  and  the  greatest  5 
feet ;  50  lb.  rails  are  very  generally  used 
on  8  feet  bearings  ;  65  lb.  rails  on  4  feet 
bearings  and  75  lb.  rails  on  5  feet  bearings. 

Sails  made  entirely  of  malleable  iron 
were  first  emploved  at  the  collieries  near 
Edinburgh ;  and  were  formed  of  rectan- 
gular bars,  which  presented  too  small  a 
surface  for  the  wheels,  or  otherwise  re- 
quire more  materials  than  it  would  be 
consistent  with  economy  to  employ.  To 
obviate  this  dif)iculty,apatent  was  obtain- 
ed by  Birkenshaw,  of  Bedlington,  Eng., 
for  an  improved  form,  which  consists  in 
giviug  the  bar  the  form  of  a  triangular 
prism.  The  chief  advantage  of  wroui^ht 
iron  rails  is  the  reduction  of  the  number 
of  joints  and  the  difficulty  of  making 
cast-iron  rails  perfectly  even  at  the  joints. 
Edge  rails  are  oest  adapted  for  permanent 
works,  and  they  arc  of  such  a  nature 
that  ordinary  earrioges  cannot  be  em- 
ployed upon  them  ;  but  on  any  railway 
where  siieh  carriages  oun  be  used  they 
must  do  more  injury  to  the  surfaces  of  the 
rails  than  will  be  equivalent  to  the  advan- 
ta^^e  of  sullering  them  to  travel  on  them. 

Tram-ways  ditfer  I'rom  the  preceding 
in  havinif  the  gui<ling  flaneh  upon  the 
rails,  instead  ot  being  fixed  upon  the 
wheels  of  the  can  iages.  It  afi'ords  the 
advanta<re  of  employing'  such  carriages 
as  can  be  u-sed*  wiiere  tiiere  are  no  rails. 
The  tram-rail  is  exeeedintrly  convenient 
lor  temporary  u>-es,  and,  in  its  ordinary 
form,  it  i"*  much  used  in  (jiiarries,  in 
mines,  in  f«>rininir  new  roa<ls,  in  diirtfiiig 
Ciinai^,  and  in  com  cunt:  lartre  stones  for 
buildiniTS,  and  other  purj">oses.  Tram- 
rails  are  very  weak,  eonsiderinj?  the 
quantity  ot'  iron  in  them,  and  in  some 
works  it  IwLH  been  found  necessary  to 
streni:tlu>n  them,  by  adding  a  rib  on  the 
untlcr  side. 

The  usual  lenq:lh  of  a  one-tram  plate 
is  three  feet  ;  the  fianeh  is  one  and  a 
half  incli  hJL'^ii  ;  the  sole,  or  bed,  three 
and  a  half  or  tour  inches  broad,  and 
tliree-t'ourths  (.fan  inch  thick  ;  but  these 
diinen>ion-^  are  \aried,  acconliiiif  to  cir- 
i'Miiistaiiei's  :  the  ino>l  approved  weiL'ht 
ha"*  i>een  4-_'  ll».  tor  each  ]>late.  The 
ends  fii'iu  which  the  j>ln!/s  project,  and 
on  wliich  tlie  tenons  jmd  notches  are 
m.ide.  -li'UiM  lie  a  qu  irtcr  <>{'  an  inch 
thicker  than  tiie  utiier  parts  of  thcphilc 
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By  this  method,  the  wheels  of  wagons 
cannot  be  ubntructed  by  the  heads  of  the 
nidls  rising  above  the  suriace,  and  the 
blocks  are  not  disturbed  by  fixing  the 

plates. 

Turn-oats  are  mode  by  means  of  a 
movable  or  switch-rail^  at  the  angle 
where  the  turn-out  track  branches  from 
the  main  one.  This  rail  is  two  or  three 
feet,  more  or  less,  in  length,  nnd  one 
end  may  bo  moved  over  tluit  angle,  and 
laid  so  as  to  form  a  part  of  tlie  main 
track,  or  the  turn-out  track.  The 
switch-rail  is  usually  moved  by  the  hand, 
so  as  to  form  a  part  of  that  track  on 
which  the  wagon  is  to  move. 

The  principal  consideration,  in  resrard 
to  the  carriages*,  relates  to  their  bearings 
on  the  axle  and  the  rim  of  the  wheel. 
The  rule  given  by  Wood,  as  to  the  bear- 
ing on  the  axle,  is,  that,  in  order  to  pro- 
duiMS  the  least  friction,  the  breadth  ot  the 
bearing  should  be  equal  to  the  diameter 
of  the  axle  at  the  place  of  bearing.  This 
diameter  must  be  determined  by  the 
wcigiit  to  be  carried  ;  and  the  breadth  of 
the  bearing  will  accordingly  vary  with  it. 
The  objection  to  the  plate-rail  is,  that  the 
breadth  of  the  bearing  of  the  run  of  the 
wheel  upon  such  a  rail  causes  an  nnne- 
cesHarily  additional  friction  :  and  the  re- 
sistance to  the  wheel  is  increased  in  con- 
sequence of  the  greater  liability  of  such 
a  rail  to  collect  dust  and  other  impedi- 
ments upon  its  surface.  The  edge-rail  is 
prefcraljle  in  tliei*e  respects  ;  bnt,  at  first, 
these  rails  were  liable  to  one  difficulty, 
in  consequence  of  their  wearing  jjrooves 
in  the  rim  of  the  vxheel,  so  that  the  fric- 
tion is  continually  increiu^ing,  and  the 
wheel  so  U*coMie?<  unfit  for  uhc.  To 
remedy  this  detect,  the  rims  are  cnse- 
hanlcned,  or  chilled  hv  rollini:  them, 
wlu'U  hot,  atrainst  a  cold  iron  cylinder. 
WhccU  so  case-hardened  are  found  to  be 
subject  to  very  little  wear. 

It  lijui  Iwen  foiiii'l,  in  practice,  that, 
for  the  (>rdinarv  inclinations  of  railroads, 
:3o  feet  ]»er  mile,  the  wheels  may  be  so 
eon-triicteil  an  to  move  a  train  of  wagons 
by  their  mere  adhesion  to  the  rails.  The 
inclination  which  can  be  so  overcome 
mu-t  evidently  depend  on  the  kind  of 
siirtiK'cs  cif  the  rim  of  the  wheel  and  the 
rail,  the  wcitrht  bcarinir  upon  the  wheels, 
tlic  wciu'hi  to  be  moved,  and  the  rjsl.st- 
ance  from  the  friction  of  the  train  of 
w ;!_••< >ns  ;  so  that  no  precise  rule  can  be 
gi\cn  that  shall  be  a|i{>Iicaltl<'  to  roads 
un-l  wlurls  of  (lillen  nt  materials  and 
Con-«tnicti'in. 

('((ictM  on     JiiiUfnrt/s.  —  With    a    view 


to  insure  the  public  safety,  the  British 
legislature  has  generally  required  that  no 
curve  shall  be  allowed  upon  a  main  line 
with  a  less  radius  than  one  mile  :  the 
exceptions  to  this  are  where  one  railway 
pusses  into  another  ;  and  at  the  termini, 
or  the  entrance  of  depots  or  stations.  In 
such  situations  the  trains  must  slacken 
their  speed,  and  therefore  a  sharp  cur\'e 
is  attended  with  less  danger.  It  has  ap- 
peared, however,  that  these  restrictions 
upon  tlje  radii  of  cur^•es  have  been  more 
stringent  than  safety  requires.  In  a 
course  of  experiments  made  bv  Dr. 
Lardner,  it  has  been  establisheci  that 
curves  of  a  mile  radius  produce  no  sen- 
sible increase  of  resistance  at  the  usual 
speed  of  railway  tniins,  and  therefore 
curves  of  consideraVjly  less  radius  may 
be  traversed  at  that  speed  without 
danger.  There  is  no  legislative  restric- 
tion on  the  subject  in  our  country,  where 
the  radius  of  the  curve  is  sometimes 
very  short. 

^etti^tance  of  Air  U*  Railicay  Trairnt. — 
Until  very  recently,  it  has  been  consid- 
ered by  engineers*  that  the  resistance  to 
railway  trains  was  almost  entirely  due  to 
friction  and  mechanical  ctTects,  and  that 
that  part  of  the  resistance  which  de- 
pends on  the  atmosphere  formed  so  in- 
considerable a  portion  of  the  whole  that 
it  iniijlit  be  disregarded  in  practice.  The 
result  of  a  course  of  expennients,  made 
within  the  last  two  vears,  bv  Dr.  Lard- 
ner,  have,  however,  indicated  a  serious 
amount  of  resistance  due  to  the  air.  If 
Dr.  Lardncr's  conclusion  shall  be  further 
confirmetl,  the  great  expense  attending 
the  nuiintenance  of  vcrj-  high  speed  on 
railways,  and  the  iinprolmbility  of  at- 
tainiii'/  in  the  ordinarv  work  of  a  line  the 
extraordinary  velocity  which  some  per- 
sons now  contemplate,  will  be  apparent. 

(tf  thf  Funniituin  arnl  Cipnstnniion  of 
]i<iiluitt/n. — Wliiitever  he*  the  moving 
x)wer  to  be  used  for  the  transport  of 
oa<ls  iijion  a  railway,  its  force  must  be 
pron«)rtione<l  to  the  averajje  resistance  of 
sucli  loads,  and  it  must  be  capable  of  va- 
rving  its  energy  to  the  same  extent  as 
that  resistance  is  subject  to  variation. 
The  great  pertectlon  whicli  has  been  at- 
t«ine<l  in  tiie  eon«^truction  of  the  rails, 
and  in  the  mctho«ls  of  fixing  tluin  in 
their  position  upon  the  road,  is  su<h  that 
the  resistance  oifcrcd  to  the  tractive  pow- 
er by  loads  mo\  cd  on  a  straiidit  and  level 
raihvjiv  mav  be  rcsjanh-l  as  i.ra(tirallv 
unifnrm,  so  tluit  the  niovini:  p<»wer  by 
whi<'h  a  load  is  tr;iiis|'<>rfet|  at  a  <ji\t'ii 
speo<l  on  a  stral>,dit  anci  le\el  line  of  rail- 
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way  18  Bubjeot  to  a  resistanoe  as  an  varied 
and  as  uniform  as  any  to  which  moving 
powers  are  usually  submitted  in  any  of 
the  processes  of  art ;  but  as  the  amount 
of  resistance  to  the  tractive  powers  upon 
a  strfught  and  level  rfulway  is  diminisned 
by  the  perfection  thus  attained  in  the 
construction  of  the  road,  so,  in  the  same 
degree,  is  any  resistance  produced  by  a 
departure  from  a  perfect  level  more  sen- 
sibly felt.  Thus,  if  the  resistance  to  the 
moving  power  on  a  str^ght  and  level 
railway,  oy  a  load  moved  at  a  given 
speed,  be  equal  to  tlie  250tli  part  of  the 
load,  an  acclivity  which  would  rise  at 
the  rate  of  one  foot  in  250,  or  nearly  at 
the  rate  of  20  perpendicular  feet  in  a  raiJe, 
would  produce  a  resistance  to  the  mov- 
ing power  by  reason  of  the  n**cent  alone, 
equal  to  a  250th  part  of  the  load,  and  there- 
fore equal  to  the  resistance  of  the  mov- 
ing power  would  sustain  on  a  level  line. 
It  follows,  therefore,  that  under  such 
circumstances,  in  drawing  a  load  up  such 
an  acclivity,  the  moving  power  would 
have  to  overcome  twice  tne  resistance 
opposed  to  it  on  a  level ;  for  the  same 
causes  which  produce  on  a  level  a  resist- 
ance amounting  to  the  250th  part  of  the 
load  e(jually  produce  this  resistance  in 
ascending  the  acclivity,  in  addition  to 
which  there  would  be  an  equal  amount 
of  resistance  due  to  the  ascent.  If, 
therefore,  under  such  circunistiuices,  the 
moving  power  were  required  to  draw  tlic 
load  up  the  acclivitv  at  the  same  speed 
as  that  at  which  it  drew  it  on  the  level, 
the  machine  exertins?  that  power  must 
be  endowed  with  properties  in  virtue  of 
whicli  it  is  ctqmhle  of  varyiiii?  its  ciieriry, 
without  injury  to  its  structure,  in  the 
proj>ortion  of  two  to  one. 

With  reference  to  horse  and  steam- 
power,  Anderson  observes,  that  a  waj^ron- 
iiorse  with  etusc,  under  fu vorahi*  cireuin- 
btiinces.  draws  20  tons.  Fulton  says, 
that  five  tons  to  a  horse  is  tlie  averaire 
work  on  railways,  descending  at  tlie  rate 
of  tliree  miles  per  hour  ;  and  one  ton 
upwards  with  the  same  speed.  Telford 
observes,  that  on  a  railwav  laid  with  a 
deelivity  of  5<'>  feet  in  a  mile,  one  hor>e 
will  readily  take  down  watrons  coritain- 
ing  12  to  15  tons;  and  bring  back  the 
same  wai^ons  with  four  tons.  Wilkes 
st^ites,  that  a  liorso  drew  down  the  de- 
clivity of  an  iron  road,  5  ineiies  in  lO 
yards,  21  earriatres  or  wai^'ous,  laden  with 
coaU  and  timl>er,  wcii/hinif  'S5  ton?*,  und 
the  same  horse,  up  this  d('<'livity  drew 
f>  tons  witli  case.  On  a<liilVr(.-nt  railway, 
one  horse  drew  21  wagons  of  live  cwt. 


each,  which,  with  their  loading  of  ooaU 
amounted  to  48  tons  8  cwt.,  down  the 
declivity  of  1  inch  in  three  yards  ;  and 
he  afterwards  drew  7  tons  up  the  same  ; 
the  hundred  weight  being  120  lbs. 

Sylvester  states  that  a  moving  force, 
which  will  ^ve  the  velocity  of  5  miles 
an  hoar,  or  23  feet  in  8  seconds,  will  be 
performed  down  a  plane,  1  inch  in  9 
yards,  or  1  in  824,  by  the  engine  making 
45  strokes  per  minute  (the  circumfer- 
ence of  the  wheel  being  nine  feet),  with 
a  pressure  of  9*7  lbs.  upon  an  inch  of 
each  of  the  two  cylinders^  the  area  of 
each  being  63*6  square  mches.  The 
weight  of  the  engine  and  16  wagons  ia 
eqiial  to  154,560  lbs.,  nearly  70  tons. 

If  the  same  weight,  at  that  speed,  had 
to  move  on  a  dtad  level,  and  acquired  the 
same  velocity  in  one  minute  as  before, 
the  moving  force  would  require  to  be 
1781  lbs.,  which  would  require  apreseure 
of  13*7  lbs.  upon  one  inch.  But  after 
the  speed  is  obtained,  it  will  require  only 
7  lbs.  to  keep  it  moving  at  the  same  rate. 

If  the  same  load  were  required  to 
move  vp  the  plane,  it  would  require  a 
moving  force  of  2828  lbs.,  or  a  pres.^ure 
upon  every  square  inch  of  18*3  lbs.  And 
this  velocity  would  be  kept  up  by  a  con- 
stant pressure  of  1447  lbs.,  wnich  will  be 
11*2  lbs.  upon  every  inch  of  the  piston. 

When  the  engine  is  required  to  travel 
at  the  rntc  of  nine  miles  per  hoar,  the 
force  necessary  to  overcome  the  weight 
154,r)fjo  lbs.  will  be  for  the  first  minute, 
when  the  engine  is  travelling  on  a  level, 
2'^'io'Sl  lbs.;  when  moving  down  the  plane 
24»U-61  lbs. ;  and,  when  moving  up  the 
plane  332001  lbs.  But  that,  when  the 
velocity  is  nttiiined,  a  force  that  will 
balance  the  friction  is  sufficient  to  keep 
up  the  required  velocity.  This  force  is, 
for  travelling  on  a  level,  900  lbs. ;  for 
'.novinsr  down  the  plane,  471  lbs. ;  and 
for  niovintr  up  the  plane  1829  llw. 

A  Utnt  weighin£r  with  its  load  15  toit*^ 
and  a  waijon  of  the  mme  wc'ujld^  the  one 
on  a  canal  and  tlie  other  on  a  railway, 
would  be  impelled  at  tiie  following  rates, 
by  the  followiiiij  quantities  of  power — in 
poiiiuls  and  in  horse-power — reckoning 
one  liorsc  equal  to  180  lbs. 
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tlmiiiir  |iroportion.  but  up  to  7625  cwt. 
Willi  nboiit1-14t1ilM!>. 
Tlic  foUonin);  in  a  siimmflry  of  ruilwoj- 

Fmm  an  Bimlysi*  of  niilroiuiii  in  (Jront 
Britain  Mid  Irrlnnd,  iC  npiieurv  tliut  tiio 
ngmber  of  miten  of  milrooil  npen  for  due, 
on  Uio  SOth  of  June,  lA-V),  wsh  S.447. 
Tlie  nnmhcT  of  piissenze™  eonvcycJ 
(luriiiir  (he  prcceilliiit  linif  "ear  wiw 
2S,TfH,«ii."i.  Tlic  nnmli«rof  p«n">ns  killcl 
on  tlio  nilircia>li>  diiriiiu  tlint  period  vm 
as,  niid  of  |i*rjoni>  injiiPcd  TS.  <)f  the 
pcmniiH  killoil,  12  vti;n  piu<i<eiiiccrB,  flvo 
of  whom  wire  killed  from  enuKC*  beyond 
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s  or  of  rr 


in  iKmw.iupnpp  of  iini-roperly 
<lniit  Brituin,  Friun-e  In  tlic 


An.|r 


nid  Rt.   ElicT 


l*iiri-  nnd  ViTi^illos,  tlio  Kpii 
mill  Iliivrc,  I'liriH  and  T.vonH,  iiiris  una 
Klrittliiire,  CjIuib  mnd  t'iiri«,  tlie  UrlD.ini>, 
Ac.  A.: 

(ivrniiinv  l>ci;iin  to  oxperlcnce  tho 
Insure- uii.l'l>;ni-fll  of  fnstniidmmfoHiibia 
rilling  in  III.,  vear  li4-.  by  con-tnieliiiff 
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more  to  the  length,  bo  tlut  there  wera 
tlion  more  thao  four  IboniwDd  Eiiglish 
mile"  of  roilroad  opened  for  pMBeiigtrs 
in  tlint  oounlrj-.  Add  to  thcsa  both 
irackB  of  llie  Msine  Woner  line,  from 
Coiwel  Co  Frankfort,  ve  have  nearly  tftj 
Englisli  miles  fKrtber,  Of  the  BjCgregnte, 
over  filloen  hundred  miles  belong  (□  the 
diflbrcnt  govemmenl*. 

Prussia  owns  an  eilent  of  8*0  Qer- 
mnn  miles,  or  3^025  tlniled  StMen  rnilon ; 
Anitria,  1ST  ;  Bavaria,  ?£1 ;  Saxony,  S3t: 
tianover,  «8:  Baden,  62:  FJccIoTalo  of 
lle^ve,  83;  WuitembiirK,  9S;  Hechlen- 
bnre  Sc-linrHii.  !!(;  AuliiJt,  IB;  Brana- 
wiok.  Hi;  Suse  Welinur,  11).  In  Austria 
Ihcni  iiru  7(111  itiilea  of  rnilwav,  and  248 
inil<'»  ],(.-\i,„  ivin-lnidL'd.  All  tlie  titmaio- 
ini  SliiHa  of  Germany  havo  about  1,1*8 

Tlic  Wiirtpinhnre  rnilroailfl,  and  tha 
BiKlHiiz-Lhii-niiinndpr  linn^c  line,  ara 
qiiin^  ipiiImIclI.  The  Uf.pir  Rheni-h  niil- 
rojiil  -v.ii'iii,  wlik'li  comprthi'iiili"  iho 
R..UiiL'ijv,nim™t  line.  thoMnine  Nectar 


tnu't  froin  I'lniien  to  Rclchrnbneh,'  and 
the  AuHtrinn  aouthem  line  by  tlio  tract 
fVom  (ilc^nllz  to  Huertzcniclilair.  (over 
llie  Bomincrind.)  Forty  oiia  joint  stock 
conipuiioH  own  the  private  lines,  and 
their  funds  amonnC  to  one  hanilrod  and 
flrtv-eisht  and  a  luilf  million  thalen.  To 
thiiiotlierloaniiHliould  bo  added,  of  sixty' 
tvn  nnd  n  lialf  millions. 

Major  Brown,  our  countrrman,  the 
conMiltinir  railroml  cnciiirtr  of  tlio  Em- 
Em  I  vrorhaK  .k'tenninea,  a»  noon  aa  the 

iected  railroBil  (Iroin  St,  rttirsbHrgfi  to 
Wnrnaw,  tho  Hun'eva  for  vlii<-b  weT« 
made  in  l^tS,     Miu'or  Brown  will,  by  hia 


thim  JSO  to  ROO  ol 

inir,  Ibr  the  niont  part,  throiiL'h  nn  inhn 

pituhle  (met  of  conntry.  inlpriH-eteil  t 

many  livcra,  broad  uiomwieH,  and  iu> 

kn<U. 

The  railroml  from  Rl.  I'FterplMinrli  I 
Mn»(H.w,  nrwhich  our  InkiDrd  .-ounln 
man.  Major  Wiiitil.'r,  vtuf  chli-f  I'li^-iiiei 
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looomotivo  railway  in  tlie  world,  now 
there  arc  no  less  than  18,000  miles.  Amo- 
rica  has  no  less  than  8,680  miles,  and 
will  soon  have  10,000  in  operation.  Mns- 
sachasctts  alone  has  more  than  1,000, 
and  Pennsylvania  1,200.  In  1836  there 
were  only  15  miles  of  railroad  in  the 
State  of  New  York,  now  there  are  about 
2,283. 

The  entire  amount  of  capital  invested 
in  railway  communications  in  all  the 
countries  of  the  world,  is  estimated  at 
three  hundred  and  sixt^-ci^'ht  millions 
and  a  half.  Upwards  ot  18,656  miles  of 
railway  have  been  constructed.  The  cap- 
ital to  be  invested  in  7,800  miles  in  pro- 
preBs,  will  amount  to  nearly  $147,0(m),(ioO. 

The  totsU  extent  would  then  be  20,4r)0. 
miles,  which  is  more  than  would  nur- 
round  the  jtrlobe.  So  preat  is  the  amount 
of  railway  mileage  in  Great  Britain,  that  it 
is  calculated  27  out  of  every  hundred  miles 
in  the  world  are  in  the  British  isiles. 
Amonj?  the  projected  lines  of  the  U.S.  are 
twostU{>endous  lines,  one  tVoin  Cincinnati 
to  8t  Louis,  to  cost  f5,0(jo,t'u0;  and  an- 
other tVom  Lake  Michi<:an  or  the  Mis- 
sissippi to  the  Pacific  Oecan,  to  cost  over 
$60,<»oo,0(»0,  for  tt  distance  of  more  than 
2,00{>  miles.  Besides  these,  Ohio,  Penn- 
sylvania, Indiana,  Illinois,  and,  indeed, 
almost  every  State  has  various  routes 
surveyed  and  in  contemplation. 

The  Erie  Koad  is  the  loiifrcst  in  the 
world — 407  miles.  That  between  Mos- 
cow and  St.  Petersburg,  in  Russia,  is  next 
in  lenjjtli,  beinjr  4'Jo  miles.  The  Kussian 
jrovernment  is  about  betrinnintr  a  ro:ui 
from  Warsaw  to  St.  Petersbur;:li,  a  <lis- 
tanoe  of  more  than  700  miles,  ofwliic-li 
T.  S.  Brown,  (^ulready  alluded  to,)  will 
be  chief  enirineer.  It  is  noteworthy  that 
the  American  trreat  ent('rj»ri>»o  is  by  a 
private  cojupany ;  the  Kussian  is  built  by 
Governnieut. 

The  first  charter  for  a  railroad  in  this 
countrv  was  trrunted  bv  New  Jerstv. 
The  Lepislature,  at  the  session  of  lsl4- 
15,  chartered  the  New  .Tcr.si-y  Kailn»a<l 
Company,  to  build  a  road  four  rods  wide 
from  the  river  Delaware,  near  Trenton, 
to  the  Kiver  Raritan,  near  New  Bruns- 
wick. The  country  was  not  then  jire- 
pared  for  the  enterprise,  and  the  work 
was  abandoned.  The  honor  of  introduc- 
ms  railroads  was  reserved  for  Mnssaehu- 
setts,  and  the  fir>t  roml  that  was  built  on 
this  eontineiit.  was  the  (iuinev  Railroad, 
from  the  «iuarry  toNeponset  river,  which 
w-.is  first  used  in  the  year  1<l'7. 

At  tlie  clo-e  of  \i\v  year  1'><I^.  tliere 
were  1,614  miles  of  railroad  in  o])eraliou 


in  New  York,  and  on  the  1st  of  Decem- 
ber, 1849,  there  were  2,138,  showii'ipr  on 
increase,  in  eleven  months,  of  510  niiles. 
By  the  1st  of  January,  1850,  there  were 
about  150  miles  more  in  operation,  which 
will  make  the  agjsrre^ate  length  2.2S3 
miles,  and  the  total  increase  669  miles. 
In  the  State  of  New  York  there  hos  been 
an  increase  of  about  400  miles.  In  the 
Southern  and  Western  States,  a  (jrcat 
many  miles  of  railroad  have  been  opened 
this  year.  The  total  number  of  mileb  of 
railroad  put  in  operation  in  the  United 
States,  during  the  year  1849,  was  not  much 
less  than  2,000.  At  the  close  of  the  year 
1848,  it  was  estimated  that  there  wero 
6,120  miles  of  railroad  in  the  United 
States;  to  which  add  the  2,000  opened, 
and  the  a^crregatc  at  the  close  or  1849, 
would  have  been  8,120  miles. 

SSVw  York  and  Erie  Jiaiiroad. — The 
line  is  now  open  to  Dunkirk.  The  whole 
cost  of  equipments,  buildin^rs,  <Sre.,  is 
about  twenty  and  a  half  millions  of  dol- 
lars, and  the  cost  about  |i88,706  jH?r  mile 
— not  counting?  the  machinery  and  build- 
inffs.  This  is  an  enormous  sum,  but  the 
expense  of  construction  is  very  modcnite, 
con;*i(lerine  the  difficult ies  of  the  work, 
and  the  manner  in  which  it  has  been  per- 
Ibnned.  The  earnings  for  the  year  1h.50 
have  been  iM,60O,800,  or  #5.000  *per  mile  ; 
in  1S40  they  were  only  $3,697  per  mile. 
This  is  a  prcat  inereiise,  but  nothintr  to 
what  mav  be  expected  now  that  the  road 
is  fini^hed.  This  road  runs  throuph 
some  of  the  grandest  mountain  scenery 
in  <^ur  ro\uitry.  The  bridires,  euttinirs, 
and  trradintrs  are  works  of  grer.t  nuicrni- 
tudc.  The  most  able  engineers  and 
architects  have  l)een  cmploved  bv  the 
company.  This  road  is  ot  a  wider  track 
than  the  common  roiids  in  our  country. 
It  i^  now  an  unbroken  line  of  wiilc  track 
54;>  miles  louL',  and  at  the  rate  of  oii  miles 
per  liour,  a  traveller  will  be  able  to  reach 
Kric  lYom  New  York  in  IS  hours. 

Tlic  State  of  Geor>:ia  has  been  much 
iinproved  by  tlie  lines  which  traverse  it. 
By  the  Central  Railroad  of  191  miles,  and 
the  Maeon  and  Western  of  lol  niiles,  she 
has  a  direct  communication  with  Atlanta, 
distant,  in  all,  21'2  miles.  throuLrh  the 
heart  of  the  State,  end>racintr  its  richest 
re'j'ion'^,  which  field  is  witlcned  by  the 
cro-'s  lines  of  tlie  Southwestern  and  tlie 
Macon  and  Columbus  roads,  stretchinj? 
to  (liirerent  points  of  the  valley  of  the 
<  "hattahoochie  and  the  borders  v\^  Ala- 
l>aiii!i;  and  tlie  intended  evten-^ions, 
northward  IV'tin  .Atlanta,  oX'  the  m;<in 
central   route   to    Nashville   on    the    one 
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side,  nnil  to  Knoxritio  on  the  other,  will  I  been  proje<»ed,  aod  !1£  have  been  c 
,..-., .__..    g  jel  miilcvcl-      pli.l«.I. 

1,301)  mileii  of  ruilToad  huve 


banflDT  and  PiHC«Laqui< 


^fS'aiiu  Ci 


cur  Hamfohirt 

K 

«.,N 

"^^.N 

II 

■iiiKi  BBd  Pn».  R.  R.  *  Blucki 
MOD  anf  Fill  Kifrr!!!!!!!.'^! 


iro„. 

Cwnrcrlcul... 
Do. 


Sutlnrllsid  uid  Braiilebamigh.,., 

New  llHTcn,  ltH1font,AS[>'rrnin<i 
New  Itann  ant  W.  Sririiignelif. . . 

HiMnpon  uid  WiDKtd 

New  iJiiHkinuid  PiJiner,  Maaa,.,. 


KTf,  TmiTnn,  ami  Phflaitil. . 


nev  my  inrphUaiMphu. 
hiuiIqii  hivl  Snuih  Anjlaqr ,.. 


llam-lim 
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uluimmr  a 


■  ainl  Wiuhinium..,. 


i.»mIOr»....iMi<NIi" 
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NaniP*. 

StMtea. 

Pljirea  cnniMctMl. 

Mansfield  and  Sandusky... 

Leairtli. 

Mansfield  and  Sanduskv............ 

Do 

S6 

Madlsiin  and  Indianapulis 

Indiana 

Micliisan 

Madison  and  Indianapulis 

86 

Deiroii  anil  Punt iac 

Detroit  and  Pontiac 

25 

Michisan  Sfuihcrn 

Do 

Monroe  and  Hillsdale 

70 

Michiean  Cenii'al 

Do 

Mich,  and  Ohiu 
New- York 

Vermont 

Detroit  and  Kalamazoo 

146 

Erie  and  Kalamazoo 

Toledo  and  Adrian 

33 

Hudson  River 

New-York  and  Albany,  aa   far   an 
Pouglikepjtie  completc^d 

Rutland  and  Burlington 

Rutland  and  Burlington 

120 

It  is  ciUculuted  tliat  at  the  end  of  1851, 
there  will  bo  Io,6o0  miles  of  niilroads  in 
operation  in  our  country  ;  and  witii  tiioso 
which  liave  already  been  contracted  for, 
there  will  be  2,<)00  miles  more  construct- 
ed in  1S52.  No  country  in  the  world  can 
eqiial  ours  for  the  number  of  railroads. 

Besides  the  lines  in  this  country,  other 
lines  are  in  contemplation  ;  sucli  as  the 
Canadian  line  connecting  Halifax  with 
Montreal  and  the  Isthmus. 

7'Ae  PaiMtaa  Kailroad.  The  Panama 
Railroad  proirrcsses  ver>'  slowly,  but  it  is 
Baid  that  it  will  bcfinisl.cd  in  three  years. 
There  are  but  three  stations  formed  at 
present.  There  will  be  one  more,  mak- 
infj"  four  from  Navy  Bay  to  Gor^'ona,  as 
follows: — 1st,  Navy  Bay,  the  cojnmence- 
ment;  2d,  liatun,  aborit  7  miles  from 
Navy  Bay;  3d,  Bohia  8oldado,  (soldier's 
ciunp');  4th,  Juan  Grand,  ((ireat  John.) 
The  distance  from  Navy  Bay  to  Gorirona, 
by  railrojid,  is  2S  miles  ;  *tlic  CiuiLrres 
Kiver  will  be  crossed  by  a  bri<lirc,  1| 
niilfs  this  side  of  (ior^'onn.  Nothiiii.'  has 
bci'U  done  or  commcm-i'd  ou  the  otlicr 
Bide  of  (Joivoiia,  nor  will  there  bo  iiiitij 
this  is  finished.  There  will  l)e  some  stu- 
pendous work  between  Gortroim  and 
J'uiuinia — a  tunnel  is  to  be  made  of  about 
8,<»oi)  teet. 

The  air  lino  distance  from  Cluiirrcs  to 
Panama,  is  .",<*}  miles.  The  hiirhest  point 
of  land  on  the  line  of  n»:ul  between  (Jor- 
<rona  and  Paiianui  is  :32ii  feet  above  the 
Paeitie.  The  l*aeifie  is  12  feet  fMoo  hiirh- 
cr  tiian  the  Atlantic.  The  frrcatest  ri.-e 
ofw:iler  known  at  Panama,  22  feet;  the 
least,  lo.  There  are  swamps  between 
Navy  Bay  and  (iatnn  2*  f«'ot  lower  than 
the  Atlantic.  The  trrade  oftlie  road  from 
Navy  Bay  toCIujirona,  'jd  leet  to  the  mile: 
(4ori:ona  to  Pammui,  by  nnile  path,  22 
miles;  Cruces  to  Panania.  by  mule  i)ath, 
17  miles;  Isthnuis  of  TehinmtejH'e,  air 
line    distance    between  the   Atlantic  and 


tlic  Pacific.  lo2  mih's 


Ni(  arairna.  air  line 
Atlanlie   and    thi' 


<li>tanec  bclwei.-n  the 

Pa<itie,  '.Ml  miles. 

^  liAn.wAY.  PNEfMAiie  or  AxMosi-ni  imi-. 

The  name  gi\cn  to  asNstem  of  loconiu- 


tion  on  railways  by  means  of  tiie  pre^nre 
of  the  atmospLere.  A  simple  and  ini^en- 
ious  apparatus  for  this  purpose  was  in- 
vented  a  few  years  a^^o,  and  is  now  being 
exhibited  on  the  West  London  Kailwaj  at 
Wormwood  Scrubs. 

The  Croydon  Railway,  in  Enjo^land,  was 
worked  on  the  atmosplieric  principle  for 
a  few  years.  The  Kinj^ston  and  Dalkey 
Kailway,  Ireland  (24  miles),  was  also  laid 
down  in  single  line  on  the  atmospheric 
principle.  The  tube  in  which  the  air  to 
be  removed  was  contained  was  placed  in 
connection  with  a  steam  pump,  which 
produced  a  vacuum,  and  dragged  the  car 
on  which  was  attached  to  the  movable 
piston  in  the  tube.  The  cars  were  drawn 
up  by  the  vacuum  to  the  Dalkey  terminus, 
and  returned  to  Kingston  by  gravity,  the 
inclination  of  the  line  being  very  great. 
The  expense  of  working  this  line  exceed- 
ed its  income  by  £7oo  per  yciu",  and  it 
consequently  wju*  given  up.  So  was  the 
('loydon  line,  from  a  similar  reason, 
though  the  ra}>idity  of  travel  is  probably 
greater  than  can  bo  attained  by  a  locomo- 
tive :  on  this  latter  line  it  reached  the  rate 
of  7.')  miles  per  hour,  for  the  distance  of 
\  of  a  mile. 

The  defects  of  this  mode  of  working 
the  atmospheric  principle  hjis  led  to  vari- 
ous novel  recommendations,  none  of 
whieh  have  been  put  in  force. 

KA1N-GAI:(;K,  also  calUd  OMBRO- 
MKTKK,  Ul)( »METEK,  and  PLUVIA- 
MKTKK.  An  instrument  for  measuring 
c>Y  ij<i>i'iintf\\\Q  quantity  of  rain  which  falU 
at  a  L'iven  j'laec. 

'*  The  ruih-<j<iu<je  may  be  of  very  sim- 
}»lc  construction.  A  cubical  box  of  :*trong 
tin  f»r  zinc,  exactly  10  inches  bv  the  side, 
open  above,  reeeivcs  at  an  incli  below  its 
ediTc  a  tunnel,  slojiing  to  a  small  hole  in 
the  ecntrc.  On  one  of  the  lateral  etlk'cs 
ol'tlie  boy,  close  to  the  top  of  the  c:ivity, 
is  soldered  a  short  pi['C,  in  whieh  a  cork 
is  fitted.  The  whole  shouhl  Ik'  well  paint- 
e<l.  The  water  whieh. enters  this  gjiuire 
is  poured  tliron:_'h  the  short  tube  into  a 
(vliiuliie;il  'jl.iss  vessel,  graduated  to  cubic 
inches  and  litlhs  of  cubic  inches.     Hence, 
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ono  inch  depth  of  rain  in  tho  laranjEro  will 
be  incasiurea  by  100  inches  of  the  gradu- 
ated ve:*sel,  and  1-lOOtli  inch  of  ruin  may 
be  very  easily  read  oflf. 

"It  is  very  much  to  bo  desired  that, 
being  of  such  easy  cobstniction,  more 
than  one  of  these  gauges  should  be  erect- 
ed ;  or  at  least  one  placed  with  its  edge 
nearly  level  with  the  ground,  and  another 
upon'the  top  of  the  highest  building,  rock, 
or  tree  in  the  immediate  vicinity  of  the 
place  of  observation,  the  height  of  which 
must  be  carefully  determined,  it  having 
been  satLsfactorily  ascertained  that  the 
lieiifht  of  the  gauge  above  the  ground  is 
a  very  material  element  of  the  quantity 
of  rain  which  enters  it.  The  quantity  of 
water  should  be  daily  measured  and  reg- 
it«tored  at  9  a.  m." 

A  convenient  form  of  the  instrument 
is   represented  in  tho    annexed   fifirure, 

where  the  rain  which 
enters  the  funnel  is 
collected  in  a  cylin- 
drical vessel  of  cop- 
per, connected  with 
which  at  the  lower 
part  is  a  ghu^^s  tube 
with  an  attached 
senile.  The  water 
stands  at  tho  same 
height  in  the  cylin<lcr 
and  glass  tube,  and 
being  visible  in  the 
latter,  tho  hoitrht  is 
read  immediately  on 
the  scale;  and  the  cylintler  and  tube  be- 
ing constructed  so  that  the  sum  of  the 
areas  of  their  sections  is  a  given  part,  for 
instance  a  tenth  of  the  area  of  the  fnn- 
nel  at  its  oritice,  each  ineli  of  water  in  the 
tube  is  equivalent  to  tho  tenth  of  an 
inch  of  water  enteriiiir  the  ni<»uth  of  the 
ftninel.  A  stop-eoek  is  added,  by  which 
tho  water  is  drawn  otf  when  the  obser- 
vation is  made. 

HASP,  MKCHANICAL.  Is  the  name 
given  by  the  French  to  an  important  ma- 
cIii!U'  iiiiicli  used  for  niashintr  beet-root. 
KATAFIA.  A  li<^ucu^  prepared  from 
various  kinds  of  fruit,  and  named  after 
the  fruit  which  is  employed.  Ratafia  do 
c^issio  has  cherries;  ratatia  de  curaeoa 
has  tho  peels  of  l*ortU!/al  oraiiLres  ;  ratatia 
d'anLTeliiino  liius  ani^lieian  seeds;  ratatia 
d'anis  has  aiii>*et;.l,  an<l  so  on.  The 
Freneli  liquerists  are  the  most  skilled  in 
thin  JUS  in  most  brant'lics  of  ildii'ate  dis- 
tillation and  miikijiir  of  fssi-net's. 

KAT<'III:T.  in  el.H'k  and  wateli  work, 
is  the  name  driven  to  an  arm  or  piece  of 
mechanism,  ono  extremity  ot  which  abuts 


against  the  teeth  of  a  ratchet  wheel^  and 
the  other  extremity  is  either  freelv  joint- 
ed to  a  reciprocating  driver  for  the  pur- 
pose of  communicating  a  continuous  mo- 
tion to  the  wheel,  or  is  attached  to  a  fix- 
ed centre  to  insure  tho  wheel  against  re- 
verse motion.  In  the  former  case  it  is  also 
called  a  click  or  paid,  in  the  latter,  a  detent, 

RATCHET  WHEEL.  Awheel  having 
teeth  formed  like  those  of  a  saw,  against 
which  the  ratchet  abuts.    See  Ratchet. 

RAZOR.    See  Cutlery. 

REACTION.  A  termed  used  in  me- 
chanics to  denote  tho  reciprocality  of 
force  exerted  upon  two  botlies  which  act 
mutually  on  each  other;  or  the  general 
fact,  collected  from  observation,  that  anv 
two  bodies  repelling  or  attracting  each 
other  are  made  to  recede  or  approach  with 
equal  momenta.  Newton's  tnird  law  of 
motion  is,  that  "reaction  is  always  con- 
trary and  equal  to  action,  or  that  the  mu- 
tual actions  of  two  bxlies  are  always  equal, 
exerted  in  opposite  cfirections."  In  the 
mathematical  consideration  of  mechanics, 
this  principle  must  bo  assumed  as  a  ne- 
cessarv  axiom  or  law ;  and,  in  fact,  as  is 
remarked  by  Dr.  Young,  there  would  bo 
something  peculiar,  and  almost  inconceiv- 
able, in  a  force  which  could  atfect  unequal- 
ly the  similar  particles  of  matter;  or  in 
the  particles  themselves,  if  they  could  be 
supposed  of  such  diticrcnt  decrees  of  mo- 
bility as  to  l>e  equally  movable  with  re- 
spect to  ono  force,  and  unequally  with  re- 
spect to  another.  The  principle  may, 
therefore,  as  justly  be  termed  a  necessary 
law  as  an  experimental  fact. 

REALGAK.     .sV^- Arskmc. 

RKCTIFICATION  is  the  final  purifica- 
tion of  liquors,  trencrally  alcohol,  by  dis- 
tillation. It  is  not  otten  carried  on  un- 
der the  same  roof  with  tho  distillation. 

Kc'ctifiiTs  reeeivo  malt  spirits  from  <lis- 
tillcrs  from  proof  to  2.")  per  cent.  Their 
business  is  to  re-dlstil  once  tor  rectifica- 
tion. Then  to  «listil  airain  with  various 
vcjrctablo  and  chemical  substances  so  as 
to  pnxlucc  flavors  called  gin,  hollands, 
bran<ly,  peppermint,  and  other  cordials. 
For  gin,  Italian  and  German  Jimiper-ber- 
ries,  and  coriander-se<*(ls.  Hollands  are 
marie  from  rye-spirit,  flavored  with  juni- 
per and  other  iiiL'redient-i.  Src  Brandy, 
etc.  In  reetifviniT  spirits  for  pin,  proof 
is  reduced  to  17  and  li'J  per  cent,  under 
ppHit".  and  at  that  strc-nirtli  s».Id  to  tho 
dealers. 

In  the  trailc  of  spirits,  tlureis  the  «lis- 
tilk-r,  who  makes  the  spirit  fpMn  the  fer- 
mented trraiii  an<l  wa>li;  the  re<'tifior, 
who  concentrates,  compounds,  and  flavors 
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it;  tlic  merchftnt-denler ;  and  the  retailer, 

in  the  eiii-.sliop  and  public-house. 

To  determine  the  probable  produce  of 
wines,  &c.j  intended  for  distillation,  a 
Bmull  alembic  has  been  invented  at  Paris, 
adapted  to  heating  with  spirits  of  wine, 
and  a  ghs^  vessel  used  as  a  recipient,  80 
that  a  sinf^le  glass  of  wine  niav  be  distilled. 
It  was  adopted  as  a  toy,  ana  became  the 
means  by  which  families  made  all  kinds 
of  flavored  waters.  The  leaves  of  oranges, 
roses,  «feo.,  &c.,  were  laid  on  gratings 
above  the  water,  and  the  vapor  rising 
through  them  received  their  odor  ond 
flavor^  The  whole  wcijrhs  but  .5  or  6  lbs. 
und  is  in  a  box  but  16  inches  long  and  3 
or  4  square. 

The  ordinary  method  of  conducting  the 
process,  consists  in  placinjr  the  liquid  to 
De  distilled  in  a  vessel  ciilled  a  still  made 
of  copper,  having  u  moveable  head,  with 
a  swan  like  neck,  which  is  so  formed  as 
to  fit  a  coiled  tube  packed  away  in  a  tub 
of  water,  constantly  kept  cold,  and  which 
is  tenned  a  rcfriffenitory  or  worm  tub. 
The  chiirirc  of  a  tcask  still  is  from 
16  to  20,000  gallons,  and  the  Inp-icinrs 
still  is  the  produce  of  the  wash  still, 
and  from  this  are  produced  spirits  and 
feints  in  separate  vessels.  The  feints  are 
turned  into  the  next  wash  still.  The 
spirit*  arc  then  sold  to  rectifiers,  who  re- 
distil, flavor,  and  prepare  fur  consumption. 

A  liquid  obUiined  by  di.Htillation  is 
sometimes  not  perfectly  pure,  or  it  is  di- 
lute, from  the  intennixtnre  of  water,  th.nt 
has  been  elevated  in  vnp<>r  alone  with  it. 
By  repeat  i  net  he  distiiiatinn  otit  a  sfooiKl 
or  a  tliirtl  tiinc.  it  is  rendered  more  pure 
and  stroiiir.  This  lattnr  procoHsis  named 
recti/ic'ifion,  or  sonictimcs  co/hy/if ration, 

KKI>-LF^AD.     AVr  T,kai>  and  Mimim. 

RKKl)  is  the  well-known  iinplenient  of 
the  weaver,  made  of  parallel  slip«*  of  metal 
or  reeds,  called  dents.  A  thoroutrh  know- 
ledge of  the  adaptation  of  yarn  of  a  pn^jK-r 
de-.Tce  of  tiiuMU'ss  to  any  triven  inca-iiire  of 
ree<l,  con»*titutes  oin-  of  the  [irhicipal  ob- 
jects of  the  manntui-tnrer  of  oloths;  as 
upon  this  dopcnds  entirely  the  apf»onr- 
ance,  and  in  a  irreat  deirroe  the  dnrubihty, 
of  the  cloth  when  finislu'd.  Tin*  art  of 
performing  this  properly  is  known  hy  the 
names  of  cfdininin'j,  Sffti/i<r,  or  nhi/ino, 
whicii  are  uhimI  infliscriininatcly,"  and 
Tnean  exactly  the  same  thiiiir.  The  rci'd 
con-ists  of  two  pnrallol  ph-'X-s  ot'  woo.l, 
Ki't  a  few  iiii'lies  ai»:irt,  mid  tlicy  are  of 
any  L'ivcn  liMiLTtli,  as  a  vurd,  a  yard  and  a 
•  piarti'T.  i^e.  The  division  of  tin-  yard 
b(iii<_r  into  halves,  qiiarters.  ei.riirhs,  and 
sixteenths,  the  breadili  of  a  web  is  gon- 


enerolly  expressed  by  a  vnlear  Auction, 
as  l-4th,  4-4ths,  5-4ths,  6-4tTis ;  and  the 
subdivisions  bv  the  eighths  or  sixteenths, 
or  naiU^  as  tney  are  usually  called,  as 
7-Sths,  9-8th8,  ll-8tlis,  Ac.,  or  18-16ths, 
15-16th8.  19-16ths,  (fee.  In  Scotland,  the 
splits  of  cane  which  pass  between  the 
longitudinal  pieces  or  nbs  of  the  reed,  are 
expressed  by  hundreds,  porters,  and 
splits,  the  porter  is  20  splitB,  or  l-6th  of 
a  hundred. 

The  number  of  threads  in  the  warp  of 
a  web  is  geneniUy  ascertained  with  con- 
siderable precision  by  means  of  a  small 
mngnit^'ing  glass,  fitted  into  a  socket  of 
bra.ss,  under  which  is  drilled  a  small 
round  hole  in  the  bottom  plate  of  the 
standard.  The  number  of  threads  visi- 
ble in  this  perforation,  ascertains  the 
number  of  threads  in  the  standard  mea- 
sure of  the  reed.  Those  used  in  Scotland 
have  sometimes  four  perforations,  over 
any  one  of  which  the  srlass  may  be  shit\ed. 
The  first  perforation  is  l-4th  of  an  inch 
in  diameter,  and  is  therefore  well  adapt- 
ed to  the  Stockport  mode  of  countinsr; 
that  is  to  say,  for  ascertaining  the  num- 
ber of  ends  or  threads  per  inch  ;  the  se- 
cond is  adapted  for  the  Holland  reed, 
beine  l-200th  part  of  40  inches:  the  third 
is  l-700th  part  of  37  inches,  ana  is  adapt- 
ed for  the  now  almost  universal  construc- 
tion of  Scotch  reeds;  and  the  fourth,  be- 
ing l-200th  of  34  inches,  is  intencleu  fur 
the  French  cjimbrics.  Every  thread  ap- 
pearing in  these  respective  measures,  of 
course  represents  2oo  threads,  or  1«^) 
s])!its,  intlie  standard  breadth  ;  ond  thus 
the  mialitv  of  the  labrie  may  be  ascer- 
taineii  with  considerable  precision,  even 
at'ler  the  cloth  has  undergone  repeated 
wettinL''^,  either  at  the  bleach ing-ground 
or  dye- work.  By  counting  the  other 
way,  the  proportion  which  the  woof  bears 
to  the  warp  is  also  known,  and  this  tonus 
the  ehief  iixc  of  the  i,dass  to  the  rnanntao- 
turcrand  ojH'rative  weaver,  both  of  whom 
are  jMevioiisly  acquainted  with  the  exact 
nicastire  of  the  reed. 

KEF1NL\(;  OF  GOLD  AND  SIL- 
VER; called  also  Parti fuj.  For  several 
uses  in  the  arts,  these  {)recious  metals  are 
re'piired  in  an  absolutely  pure  state,  in 
whii'h  alone  they  posjsess  their  mallea)>il- 
ity  ai^l  )>eetiliir  properties  in  the  most 
einincnt  <h'L'rfe.  Thus,  tor  example, 
nt'irhcr  fold  nor  silver  leaf  can  he  nia-le 
of  the  rc'inisit*'  tinene**-*.  if  tlie  nictaU 
contain  tin-  smallest  ]iortif»n  of  eopj»er  al- 
loy. Till  within  tiicse  ten  or  twelve 
years,  tlu*  partiii'jr  of  silver  I'rom  irold  was 
etfeoied  everv where  bv  nitric  acid. 
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2.  On  parting  by  the  nitric  acid.  The 
principle  on  which  this  process  is  found- 
ed, is  the  fact  of  silver  ocinc:  soluble  in 
nitric  acid,  while  ^old  is  insoluble  in  that 
mcnstnium.  If  the  proportion  of  gold  to 
tliiit  of  silver  be  greater  than  one  to  two, 
then  the  particles  of  the  former  metal  so 
protect  or  envelope  those  of  the  latter, 
that  the  nitric  acid,  even  at  a  boiling  heat, 
remains  quite  inactive  on  the  alloy.  It  is 
indispensable,  therefore,  that  the  weight 
of  the  silver  be  at  least  double  that  of  the 
gold.  100  pounds  of  silver  take  38 
pounds  of  nitric  acid,  of  specific  gravity 
r820,  for  oxidizement,  and  Hi  for  solu- 
tion of  the  oxide;  being  together  149; 
but  the  refiner  often  Cfjnsume!*,  in  acid 
of  the  above  ntrength,  more  than  double 
the  weight  of  silvor,  which  shows  great 
waste,  owing  to  the  imperfect  means  of 
condennation  employed  tor  recovering  the 
vapors  of  the  boiling  and  very  volatile 
acid. 

1(X)  pounds  of  copper  reouire  130 
pounds  of  the  above  lu-id  for  oxiaizement; 
and  8i>0  for  solution  of  the  oxide ;  being 
52(>  pounds  in  whole,  of  which  less  than 
|th  part  could  be  recovered  by  the  above 
appunitus.  It  is  therefore  manifest  that 
it  is  desirable  to  employ  silver  pretty 
well  freed  from  copper  by  a  previous  pro- 
ces!<;  and  always,  if  practicable,  a  silver 
eontiuning  some  gold. 

In  parting  by  nitric  acid,  the  gold  gen- 
cnillv  retains  u  little  silver :  as  is  proved 
by  tfie  cloud  of  chlori<le  of  silver  which 
it  atfords,  at  the  end  of  some  hours,  when 
dissolved  in  aqua  rctrin.  And  on  the 
other  hand,  the  silver  retains  a  little  irold. 
These  facts  induced  M.  Dizi'-,  when  he 
WHS  iii-4peetor  of  the  French  mint,  to 
adopt  soitM!  other  jirocess.  which  would 
eive  more  iicmrate  analytical  re"*ults  ;  and 
after  numrrous  ex{»eriinciits,  he  asci-rtain- 
ed  that  sulphuric  acid  presented  i;reat  atl- 
vant!iL'<"^  in  this  point  of  view,  since  with 
it  ho  su<'cee<le<l  in  deteetiuL',  in  silver, 
(piantites  uf  tr<>M  whicli  had  ehi(le«l  the 
otlier  plan  of  partinjj.  The  sUL»'L'«'stion  of 
M.  I>izc  has  i)eeri  since  universally  adopt- 
cil  in  France.  M.  ("<»stell.  about  nine  or 
ten  years  ai.'o,  erected  in  ronieioy  street, 
Old  Kent  ro:id,  a  lahoratory  upon  the 
F'rcneh  }»lari,  tor  |»nrtiii<^  hv  sulphuric 
a<i<l ;  but  he  was  not  succe-^ful  in  his  en- 
ter[iri>c;  and  -iiiii-«'  he  reliii.pji<^hed  the 
business,  Mr.  Math<"*on  ii\troduccd  the 
samr  s_\><riMn  into  <iur  Koyal  Mint,  un  h-r 
the  in:inii.'cnicnt  ot'  M.  <*'<•, tell's  Ficti<h  ' 
oju-rarives.  In  the  l'ar:>ian  lY'liiicrif^. 
gold,  to  the  amount  of  one  thou-.andtli 


part  of  the  weight,  has  been  extracted 
rrom  all  the  silver  which  had  been  pre- 
viously parted  by  the  nitric  acid  process  ; 
being  '8,.500  francs  in  value  upon  every 
thousand  killogrammes  of  silver. 

The  most  suitable  alloy  for  refining 
gold,  by  the  sulphuric  acid  process,  is  the 
compound  of  gold,  silver,  and  copper, 
having  a  standard  quality,  by  the  cupel, 
of  from  900  to  950  milliennes,  and  contain' 
ing  one  fifth  of  its  weight  of  gold.  The 
best  proportions  of  the  three  metals  are 
the  roUowing :— silver,  725;  gold,  200: 
copper,  75;=1000.  It  has  been  foand 
that  alloys  which  contain  more  copper 
aiford  sohitions  that  hold  some  anhydrous 
sulphate  of  that  metal  in  solution,  which 
prevents  the  gold  from  being  readily  ae- 
parated  ;  and  that  alloys  containing  more 
gold  arc  not  acted  on  easily  by  the  sul- 
phuric acid.  The  refiner  ought,  therefore, 
when  at  all  convenient,  to  reduce  the  al- 
loys tliat  he  has  to  treat  to  the  al)ove 
stated  proportions.     lie  may  effect  this 

f>urpose  eitlier  by  fusing  the  coarser  al- 
oys  with  nitre  in  a  crucible,  or  by  add- 
ing finer  allovs,  or  even  fine  silver,  or 
finally,  bv  8u"bjccting  the  coai'ser  allovs 
to  a  previous  cupellation  with  lead  on  the 
great  scale.  As  to  ijold  or  silver  bullion, 
which  contains  lead  and  other  ea.sily  ox- 
idizable  metals  besides  copper,  the  refiner 
ouijht  always  to  avoid  treating  them  by 
sulphuric  acid  ;  and  should  sepamte,  first 
of  all,  the.se  foreign  metals  by  the  agency 
of  nitre,  if  they  exist  in  minute  quantity; 
but  if  in  larger,  he  should  have  recourse 
to  the  cupel.  Great  advantage  will  there- 
fore be  derived  from  the  judicious  pre- 
paration of  the  alloy  to  be  refined. 

For  an  alloy  of  the  above  description, 
the  principaf  Parisian  refiners  are  in  the 
haltit  of  euMiloyinir  thrice  its  weight  of 
sulplmrie  acid,  in  order  to  obtain  a  clear 
solution  of  sulfthate  of  silver,  which  does 
not  too  suihlcjily  concrete  on  cowling,  so 
as  to  obstruct  its  discharire  from  the 
alembic  by  decnntation.  A  small  increase 
in  the  quantity  of  copper  ailU  tor  a  con- 
siderable increase  in  the  quantity  of  acid. 
(Jeuerally  speaking,  one  half  of  the  sul- 
phuric acid  strictly  required  for  convert- 
ing the  silver  and  copper  into  suljthates, 
is  decomposed  into  sulphurous  aeid, 
which  is  lost  to  the  manutacturer,  unless 
he  has  recourse  to  the  sureney  of  nitrous 
acid. 

Tlie  Pari-iian  n  fiucrs  re-fore  U^  the 
owners  tlic  wliolc  ot"  the  l^'M  and  silver 
contaiiicl  in  tlic  iiiifts,  re-»crvin'_''  to  them- 
selves the  cop[.(T  wiiicii  lormcd  the  alloy, 
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and  charging  only  thn  sum  of  5k  franca 
per  killogramme  (2-63  lbs.  troy)  for  the 
expense  of  the  parting  of  the  nietiila. 

If  they  are  employed  to  refine  an  ingot 
of  silver  containing lesH  than  one  tenth  of 
gold,  they  retain  for  themselves  a  two 
thousandth  part  of  the  gold,  and  all  the 
copper,  existmg  in  the  alloy ;  return  all 
the  rest  of  the  gold,  withthe'wholeof  the 
Bilver,  in  tho  ingot ;  and  give,  besides,  to 
the  owners  a  premium  or  bonus^  which 
amounted  lately  to  fths  of  a  franc  on  the 
kilogramme  of  metal.  Should  the  owner 
desire  to  have  the  whole  of  the  gold  and 
silver  contained  in  his  ingot,  the  refiner 
then  demands  from  him  2  francs  and  6S 
centimes  per  kilogramme,  retaining  the 
copper  of  the  alloy.  As  to  silver  ingots 
of  low  stiinchird,  the  perfection  of  the  re- 
fining process  is  such,  that  the  more  cop- 
per contained  in  them  pays  all  tlio  costs ; 
tor  in  tliis  case,  the  refiner  restores  to  the 
proprietor  of  the  ingot  as  much  fine  silver 
as  tiic  juHsay  indicated  to  exist  in  the  in- 
got, contenting  himself  with  the  copper 
of  tho  allov. 

KEFLKCTING  CIRCLE.  An  astro- 
nomiciU  instrument  for  the  meiisuretncnt 
of  angles  by  reflection.  Ste  Sextant. 
The  term  is  also  applied  to  a  surveying 
instrument,  invented  by  Sir  Howard 
Douglas,  which  combines  the  atlvantugcs 
of  the  Hadley's  quadrant  and  the  }>ro- 
traetor.  Theobjcft  of  it  is  to  pr(»tract, 
or  Isiv  down  on  the  plan,  the  aiiLflt's  iiioa- 
surod  with  the  iustruuiorit  from  the  iu- 
strmuL'nt  itself,  without  any  iMtcriiicdialc 
step,  or  even  a  rcL'is'ter  of  their  valuer^. 
The  advantaire  of  such  an  iiistriunent 
iMMst  bo  obvious  in  mlliiarv  siirvevs, 
where  expedition  is  im])ortant,  wliile  ae- 
cnraey  is  thereby  far  more  eltieieiillv  in- 
sured than  bv  the  old  and  more  te<liou.-^ 
pnu'ess.  It  IS  al."*o  ndvatitaireously  used 
ni  forming  freneral  sketches  of  a  e'>nntrv. 

To  iiuprove  it,  J.  C  Dennis  sii-^'Lrests : 
— Instead  ol' attaching'  the  eireli'.  teehiiie- 
ully  eailed  an  are,  to  the  j>arts  whieii  sup- 
port it,  let  the  whole  be  ea->t  in  one  piere, 
then  placed,  j>o]i>hed,  or  divid.-d,  to  suit 
the  purjioses  of  niodi-rn  astrononiy.  This 
intrimient  is  capahl.-  ot"di>liii;.'ui>irniir  to 
the  r>'j4(>th  part  of  an  iiieh. 

KEFLKXloN,  in  nic'liaiiies,  <leiiotes 
the  rebound  or  re-jressive  inoiion  of  a 
body  from  the  suriaec  of  another  bocly 
airaitist  whieh  it  i?npini.'iS.  hi  natural 
philo-<oj>hy,  the  term  is  apjilicil  to  the 
nnalo'_f(»us  motions  (»f  liirlit,  li«at,  au'l 
Sound,  wlien  turned  iVorn  their  course  Uy 
an  ojipo-iiuLT  surface.  Tiie  hiwsoi'tlu'  re- 
llexion  of  liL'iit  form  the  branch  of  science 


called  catoptrics  ;  those  of  the  reflexion  of 
sound  are  sometimes  called  cataphonic*. 

The  simplest  view  which  cai\  be  taken 
of  the  mechanical  action  whereby  reflex- 
ion is  produced,  is  to  assimilate  it  to  that 
which  takes  place  when  an  elastic  body 
impinges  on  another  body  which  it  can- 
not move  oat  of  its  place.  If  light,  heat, 
and  sound  are  propagated  by  the  pulse« 
of  an  elastic  medium,  tho  same  theory 
will  apply  to  them ;  and  it  is  to  be  re- 
marked, that  in  all  cases  of  reflexion  the 
change  of  motion  which  takes  pUice  fol- 
lows prcciselv  the  same  laws  as  that  which 
is  produced  By  the  impact  of  two  elastic 
botlies. 

KEGULATOR.  In  machinery,  a  gen- 
eral name  for  any  contrivance  of  which 
the  object  is  to  produce  the  uniform 
movement  of  machmes.  The  rcgulatom 
most  commonly  applied  are  the  jli/  and 
the  tjocernor^  for  winch  see  the  respective 
terms. 

The  Tfijnlator  of  a  watch  is  the  spiral 
sprinjr  attached  to  the  balance.  This  in- 
genious contrivance,  the  invention  of 
Ilooke,  has  contributed  as  much  to  the 
improvement  of  watches  as  tho  pendulum 
to  the  improvement  of  clocks. 

The  present  Astronomer  Royal  of  En- 
gland has  investigated  the  mathematical 
problem  of  the  motion  of  the  regulator 
applied  to  the  clock-work  by  which  mo- 
tion is  triven  to  large  cquatoriiU  telescopes. 
For  this  purpose,  absolute  nnifonnitv  of 
motion  is  of  very  great  importiUice.     'The 
construction,    usually   adopted,    in    this 
country  at   least,  depends   on  the   same 
prineij»le  ns  that  of  the  governor  of  tho 
stcani-cULrine.       Two    balls,    sus|>ended 
fro! II  the  upper  part  of  a  vertical  axis  by 
rods  of  a  certain  length,  arc  made  to  ex- 
pand bv  the  rotatorv  vcloeitv  of  the  axis; 
and  when  the  expansion  reaches  a  certain 
limit,  a  lever  is  pressed  against  some  re- 
volviiiLT  Jtart,  whereby  a  friction  is  pro- 
ducc'l  wliich  immediately  cheeks  the  vc- 
loeitv.     Now  the  uniformitv  of  the  ro- 
talory  motion  ofthe  spindle  depends  up- 
on the  a>sumj>tion,  that  if  upon  the  whole 
tiic  rctai'diu:.'  torc*-s  are  equal  to  the  ac- 
ccleratiuL'  forces,  the  balls  will  move  in  a 
circle,  and  in  no  other  curve,     liut  this 
a->umi>lion  is  incorrect ;  for  the  balls  may 
move  III  a  curve  ditl'crini:  iii"^<*nsibly  from 
an    cHi|isc;  and.  in  some  instances,  Mr. 
Airy  olocrvi-d  the  balls  to  revolve  in  an 
(•l!i|'sc      of     con-^ide!-ablc      eccentricity. 
Wln-n  tiii>  talv-(.^  place,  the  rotatorv  mo- 
tion  ot"  the  spindle  bcconu-s  cxeeedinj.dy 
variai'le.     Tiii^  injurious   ell'ect    may  bo 
}»artly  counteracted   by  con."»tructinif  the 
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apparatus  so  that  the  revolations  shall  be 
eitiior  very  slow  or  very  qaick  ;  the  for- 
mer method  hns  the  effect  of  f^iviiig  great- 
er smoothness  of  motion,  but  the  second 
insures  more  completely  that  the  object 
observed  shall  remain  steady  in  the  dcld 
of  the  telescope. 

BELIEF.  In  architecture,  the  projec- 
tion of  a  figure  or  ornament  from  the 
ground  or  plane  on  which  it  is  sculptured. 
In  sculpture,  when  the  whole  of  the  figure 
stands  out,  the  work  is  denominated  aUo- 
relievo;  when  onlj  half  out,  demi-rdUvo  ; 
and  when  its  prmection  is  very  small,  it 
is  called  basm-retievo. 

Belief,  Relievo.  In  sculpture,  thot 
species  of  sculpture  in  which  the  figures 
arc  engaged  on  or  rise  from  a  ground. 
There  are  three  sorts  of  relu-oo—lHism  rt'- 
lievo,  in  which  the  figures  or  other  objectt* 
have  but  small  projection  from  the  srn)und 
on  which  they  are  sculptured:  m<zzt>-re- 
lievo^  in  which  the  figures  stand  out  ubout 
half  their  natural  proportions,  tlie  otlicr 
half  appearing  immersed  in  the  ground ; 
and,  lastly,  alto-relievo,  in  which  the  fig- 
ures stand  completely  out  from  the 
ground,  bein^  attached  to  it  onlv  in  a  few 
places,  and  m  others  worked  entirely 
round  like  single  statues ;  such  ore  the 
metopac  of  the  Elgin  marbles  in  the  Brit- 
ish Musoum,  which  marbles  also,  in  the 
Panathenuic  procession,  exhibit  some  ex- 
quisite examples  of  basso-relievo. 

KEPEATING  CIKCLE.  In  order  to 
diminish  the  eifect  of  errors  of  gradua- 
tion, and  to  obtjiin  vcrj*  accurate  meiusurc- 
mouts  by  means  of  eoinparatlvcly  small, 
and,  therefore,  portiible  instruments,  a 
method  of  observing  wits  inventetl,  or 
nitiicr  broij^rlit  into  use,  by  Ik>rda,  which 
is  now  extensively  employed,  espceiiiilv 
in  geodeticul  ojKT.Uions.  The  nietlio*!, 
which  consists  m  moving  the  telescope 
sueccssively  over  ]M)rtions  of  the  irradim- 
ted  limb  e<>rrespon<ring  to  tlie  an.:le  tol>e 
measured,  and  readiuij  only  the  multiple 
arc,  may  bo  advanta<:eonsly  a}>nlied  to 
c'in-uinr  instruments  destined  tor  very 
dilVerent  purposes:  as,  for  example,  to 
an  instrument  for  tl;o  measurement  of 
tlie  zenith  distances  of  stars  or  terrestrial 
ol'jects,  or  the  distance  of  two  trigono- 
metrical stations,  in  which  case  it  is  sim- 
ply r-alled  called  r^/^aflnr;  circle  ;  to  n  re- 
ilcctiMLT  ein-lo  used  for  observations  at 
Hi-a,  when  it  Ikm'ouics  n  r^j>^<itino  r*jl*<-t'niij 
I'n'i'h  ;  or  to  a  tlieo<lolite,  when  it  becomes 

when  the  repeatiiiir  circle  is  used  for 
measuring  zenith  distances,  it  is  con- 
structed so   as   to   Ik;   aijKible    of  being 


tamed  round  on  a  vertical  pivot,  the  di- 
rection of  which  passes  through  its  cen- 
tre, and  to  which  its  plane  is  parallel,  and 
also  of  turninj^  in  its  own  plane  about  a 
horizontal  axis.  The  instrument  being 
placed  in  the  same  vertical  plane  with  the 
star,  the  telescope  is  directed  to  the  star 
and  the  bisection  made ;  the  telescope, 
which  carries  the  verniers  with  it,  i« 
then  firmly  clamped  to  the  circle,  and 
the  circle  turned  round  180°  in  azimuth 
about  the  vertical  pivot.  If  the  circle  be 
now  kept  fiist,  the  telescope  undamped 
and  carried  round  till  the  star  is  again 
bisected,  it  is  plain  that  the  arc  of  the 
limb  passed  over  by  the  verniers  in  conse- 
quence of  this  motion  of  the  telescope 
will  be  double  the  zenith  distance  of  tuo 
star.  The  same  process  is  repeated  as 
often  as  niay  be  thought  necessary.  For 
the  purTH>se  of  gcodetical  measurements 
the  circle  is  usually  furnished  with  two 
telescooes,  one  on  the  face,  and  the  other 
on  the  Dock  ;  and  so  placed  that  the  opti- 
cal axes  of  both  are  exactly  in  the  plane 
of  the  circle.  The  circles  used  by  Me- 
chain  and  Delambre  in  the  operations  con- 
nected with  the  mcasnrement  of  the 
French  arc  of  meridian,  were  about 
4-lOths  of  a  metre  (nearly  16  inches)  in 
diameter,  and  were  divided  into  arcs 
equivalent  to  about  32  sexagesimal  se- 
conds, which  were  subdivided  into  tenths 
by  the  verniers. 

Tlie  merit  of  first  applying  the  ingen- 
ious principle  of  repetition'  to  angular 
measurements,  belongs  to  Tobias  Mayer, 
but  it  was  Bonla,  as  above  slated,  who 
first  brought  the  instrument  into  general 
use.  For  a  description  of  the  repeating 
circle,  its  adjustment,  and  the  method  of 
using  it,  H'^  Biot.  Astronomic  Physio ne, 
ton)ei.;  Delambre  Astronomic  on  Base 
Mctriquc,  tome  i..  Puissant  traite  de  (ie- 
odisie  ;  Roj>er*s  Practice  of  Navigation. 
Tlie  comparative  advantages  and  defe<'ts 
of  the  instrument  are  verv  clearly  stated 
in  a  y>a|>er  bv  Trousrhton,  in  the  Ist  vol- 
ume ot  the  Memoirs  of  tlic  Koyal  Astro- 
nomical! Society. 

K1'>>INS  arc  proximate  principles 
fouiul  in  most  vegetables,  and  in  almost 
every  part  of  them;  but  the  only  resins 
which  merit  a  particular  description,  are 
those  which  Oi'cnr  naturally  in  such 
quantities  as  to  Ix'  easily  collected  or  ex- 
tracted. They  arc  (»btaincd  ohietly  in 
two  ^vays,  cither  by  spoiitan<'ous  cxu<la- 
tion  from  tin-  plants,  or  by  extraction  by 
lie;it  and  alcohol.  In  the  fiist  cast*,  the 
I  dischanre  of  resin  in  the  licjuid  state  is 
,  sometimes    promoted    by    artiticial    inci- 


528 


CYGLOPRDIA   OF  THB   USEFUL   ARTS. 


[rbs 


BionB  nuulo  in  snmmer  through  the  hark 
into  the  wood  of  the  tree. 

Kes'iDB  poii»ess  the  following  general 
properties : — ^They  are  Boluble  in  mcohol, 
insoluble  in  water,  luid  melt  by  the  ap- 
plication of  heat,  but  do  not  volatilize 
without  partial  decomposition.  They 
have  rarely  a  crystalline  structure,  but, 
like  gums,  they  have  no  particular  form. 
They  ignite  readily,  burn  with  a  bright 
light,  and  give  much  smoke.  They  are 
quite  insoluble  in  water,  but  dissolve 
readily  in  cold  and  hot  alcohol,  from 
which  they  are  precipitated  by  water. 
Resins  dissolve  in  ether  and  volatile  oils, 
and  by  heat  combine  with  fat  oils.  They 
mix  with  sulphur  and  phosphorus.  Car- 
buret of  sulptiur  dissolveft  tnem,  chlorine 
bleaches  them,  and  nitric  acid  converts 
them  into  artificial  tan.  Every  natural 
resin  is  a  compound  of  two  or  three  pure 
resins,  as  is  the  case  with  oils.  Some 
are  soluble  in  hot  or  cold  alcohol — ether, 
naptha,  and  turpentine.  Resins  which 
contain  essential  oil  arc  culled  Imham* : 
a  few  contain  benzoin  acidj*.  Tiie  solid 
resins  arc  amber,  anim^,  benzoin,  colo- 
phony copal,  copal,  dimunarn,  drnsron's 
oloocf,  elemi,  gniac,  Inc,  jalap  resin, 
ladanum,  mastic,  sandarach,  storax,  tucu- 
mahac 

An  ingenious  memoir  upon  the  resins 
of  dammar,  copal,  and  anim6,  has  lately 
been  publishea  by  M.  Guihourt,  nn  emi- 
nent French  j»Aflr;n//rjV /J,  from  which  the 
following  extract  may  be  found  interest- 
ing. 

The  hard  copul  of  India  and  Afrion, 
especially  Mudnffftsonr,  is  the  prodnct  of 
the  hi/riifTi/Fa  verrucosa  ;  it  in  transparent 
and  vitreous  within,  vrhatevcr  may  be 
its  arpearancc  outside ;  nearly  colorless, 
or  ot  a  tawny  yellow ;  without  taste  or 
smell  in  the  cold,  and  almost  as  hard  as 
amber,  which  it  much  resembles,  hut 
from  which  it  may  he  distiniruislicd, 
1st,  hy  its^  smelting  and  kindliuir  at  a 
candle-flame,  and  runnin<r  down  in  drops, 
while  aml>cr  burns  ami  swells  up  with- 
out flowinjr;  2«lly.  this  hard  copal  or 
anime,  when  blown  out  and  still  hot, 
exhales  a  smell  like  balsam  cn^paiva  or 
capivi ;  while  umhcr  exhales  an  uujtlea- 
saiit  bituminous  odor:  ;idly,  when  moist- 
ened hy  alcohol  of  ST)  per  cent.,  copal 
becomes  sticky,  and  shows  alter  dr\ini,»' 
a  ii^la/.ed  opnipie  snrta<*c,  while  amher  is 
not  atlVcted  by  alcohol  ;  4tlily,  tlic  coj.al 
atfordx  iu»  succinic  acid,  as  anAbcr  doe<, 
on  <^i>tili.ition. 

When  the  pnlv»Ti/eil  cojijil  is  diijc^tcd 
in  cold  alc^)hol  ot'  o*^:}!),  it  leaves  a  con- 


siderable residuum,  at  first  pulvemlent, 

but  which  swells  afterward,  and  forms  a 
slightly  coherent  mass.  W  hen  this  pow- 
der is  treated  with  boiling  alcohol,  it 
assumes  the  consistenoe  of  a  thick  gluten, 
like  crumbs  of  bread,  but  which  docs  not 
'  stick  to  the  fingers. 

I  R£SISTA^X'£,  in  mechanics,  denotes 
I  generally  a  force  acting  in  opposition  to 
another  force,  so  as  destroy  it  or  diminisli 
its  eifect.  Resistance  is  sometimes  con- 
sidered as  of  two  kinds,  active  and  pas- 
sive :  the  active  resistance  being  thut 
which  corresponds  to  the  usef\il  eflFect 
produced  bv  a  machine,  and  the  passive 
^  that  which  belongs  to  the  inertia  of  the 
•  machine.  Thus,  in  raising  water  from  a 
well,  the  active  resistance  to  the  force 
employed  is  measured  by  the  quantity  of 
water  which  is  raised ;  and  the  passive 
resistance  by  the  force  required  to  over- 
come the  weight  of  the  bucket  and  the 
rope,  the  friction  of  the  pulley  on  its 
axle,  <fec. 

RESISTANCE  OF  FLUIDS.  In 
hydrodynamics,  the  force  with  which  a 
solid  body  mo  vine  through  a  fluid  is  re- 
sisted or  retarded.  Of  all  the  different 
kinds  of  resistance  which  manifest  them- 
selves among  bodies,  there  is  none  of 
greater  importance  than  this,  on  account 
of  its  application  to  the  theory  of  naval 
architecture. 

Sir  Isaac  Newton  was  the  first  who 
gave  a  general  thcorv  of  the  motions  and 
actions  of  fluids.  Tfie  Newtonian  theory 
of  the  resistance  of  fluids,  which  is  ^iven 
in  the  second  book  of  the  Prinnpia^  is 
foun<led  on  the  assumption  of  the  per- 
fect intermohility  of  the  particles  of  the 
fluid,  and  the  equal  proptigntion  of  pres- 
sure in  all  directions.  These  are,  incieed, 
the  characteristic  properties  of  fluidity ; 
nevertheless,  the  results  of  the  mathe- 
matical theory  differ  so  widely  in  many 
ca-^es  from  actual  experiment,  that  some 
pliilosophcrs  have  called  in  question  the 
accuracy  of  the  princij»les  from  which 
they  are  derived.  The  theorj',  however, 
notwithstandin<]r  its  defects'  furnishes 
some  propositions  of  preat  practical  use, 
ami,  indeed,  forms  the  groundwork  of 
ail  our  kn<nvledL'"e  on  the  subject. 

It  is  evident  that  a  solid  IhhIv,  in  mov- 
ii.L'  tlirouL'h  a  fluid,  nnist  cojnnumicjite  a 
motion  to  the  fluid  ]mrticlcs  with  which 
it  successively  comes  in  contact.  Now, 
the  (piMiitity  of  motion  communicated  to 
tlic  Ihiid  is  nccr'<*>arilv  cpial  to  that 
^\  )iicli  i>  l(i>r  ].v  the  nolid,  and  mav  tliere- 
lore  hi'  taken  as  the  measure  ot  the  re- 
sistance.    To  determine  this  quantity  of 
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motion,  let  as  conceive  a  oylindrical  or 
prismatic  body,  terminated  by  a  plune 
perpendioular  to  its  axis,  to  be  propelled 
through  a  non-elui»tic  fluid  in  tne  direc- 
tion of  itfl  nKiA,  80  ttiat  the  particles  of 
tlie  fluid  strike  against  the  plane  perpen- 
dicularly. 

Numerous  experiments  have  been  made 
for  the  purpose  of  ascertaining  lio>v  far 
the  theory  of  the  resistance  of  fluids 
agrees  with  the  actual  fact«,  or  for  form- 
ing an  empirical  theory  for  the  guidance 
of  the  engineer.  Of  the  details  of  these 
experiments  our  limits  will  not  permit  us 
to  give  an  account.  The  general  results 
of  the  experiments  may  be  stated  as  fol- 
lows : — 

I.  The  force  of  resistance  on  bodies 
moving  in  fluids  is  proportional  to  the 
square  of  the  velocity,  at  least  within  the 
limits  of  2  to  10  feet 'per  second.  This  is 
in  accordance  with  the  theory. 

II.  The  direct  resistance  on  bodies 
moving  with  the  dame  velocities  is  nearly 
in  the  ratio  of  the  surfaces. 

III.  The  resistances  on  surfaces  mov- 
ing obliquely  do  not  by  any  means  vary 
in  the  ratio  of  the  squares  of  the  sines  of 
the  angles  of  incidence,  especially  when 
the  iucidence  is  very  oblique ;  and  for 
such  motions  the  theory  must  be  entirely 
abandoned. 

The  above  results  are,  however,  con- 
siderably modified  by  various  circum- 
stances, of  which  the  principal  are  the 
following: — 

1.  The  form  of  the  body.  The  New- 
tonian theory  takes  account  only  of  the 
anterior  surface  of  the  body  ;  but  it  was 
clearly  established  by  the  expcriincnts  of 
Du  Buat  that  the  form  of  the  hinder  part 
is  not  less  efficacious  in  niodifyinjj  the 
resistance.  A  prismatic  body,  havinjrits 
prow  and  poop  equal  and  parallel  sur- 
faces, bein?  plunged  horizontally  into  a 
etream,  will  require,  in  order  to  keep  it 
immovable,  a  torce  in  the  direction  of 
its  axis  equal  to  the  ditference  of  the  real 

rressuro  exerted  on  it,s  prow  and  poop, 
f  the  fluid  is  at  rest,  this  difference  will 
be  nothing,  because  the  opposite  dead 
pressures  are  equal ;  but  in  a  stream 
tiiero  is  superadded  to  the  dead  prcs}*nre 
on  the  prow  the  active  pressure  arising 
from  t!io  deflection  of  the  fllamentsof  the 
fluivl,  whii'li  beintf  turned  a.*<ide  and  ren- 
dered divcrircnt  by  the  obstruction  of  the 
anterior  snrtacc,  a  part  of  the  pressure  of 
the  cireurnatnbicnt  fluid  is  employed  in 
turninjy:  them  into  the  trough  behind  the 
body,  and  consequently  there  is  le>s 
pressure  on  the  posterior  surface  than  if 
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the  body  were  at  rrat  in  stagnant  water, 
so  that  the  body  is  impellca  backwards. 
This  force  is  called  by  Du  Buat  the  non 
pressture  ;  by  Beaufoy  the  minvs  pressure. 
jSow,  the  wnole  impulse  to  be  withstood 
if  the  body  is  in  a  stream,  or  the  resist- 
ance to  bo  overcome  if  it  moves  in  stag- 
nant water,  is  the  sum  of  the  active  pres- 
sure on  the  fore  part  and  the  non-pres- 
sure on  the  hinder  pert ;  and  this  does 
not  depend  solely  on  the  form  of  the 
prow  and  poop,  bnt  also,  and  perhaps 
chiefly,  on  the  length  of  toe  body.  The 
non-prcssnre  on  a  cnbe  waa  found  bv 
experiment  to  be  reduced  to  a  fourth 
part,  by  making  the  length  of  the  body 
triple  of  the  breadth.  Tlie  mere  length- 
ening of  a  ship,  without  changing  the 
form  of  the  prow  or  poop,  increases  the 
speed. 

2.  Another  circumstance  which  modi- 
fles  the  general  results  is  the  velocitv  of 
the  body.  It  was  ascertained,  bv  "^r. 
Kusseirs  experiments  on  canal  ooats, 
that  the  resistance  does  not  follow  the 
ratio  of  the  squares  of  the  velocities,  ex- 
cepting when  the  velocity  is  small  and 
the  depth  considerable ;  bnt  that  the  in- 
crements of  the  resistance  are  greater 
than  those  due  to  the  squares  of  the  ve- 
locities as  the  velocity  approaches  to  a 
certain  limit  depending  on  the  depth  of 
the  fluid ;  and  that  immediately  after 
passing  this  limit  the  resistance  suffers 
a  sudden  diminution,  and  becomes  much 
le!<s  than  that  due  to  the  square  of  the 
velocity.  In  a  canal  about  flve  and  a  half 
feet  deep,  this  limit  (which  is  the  velo- 
city of  the  wave  generated  by  the  motion 
of  the  body)  was  found  to  be  from  11  to 
12  feet  per  second,  or  about  eight  miles 
per  hour. 

8.  A  third  cause  which  modifles  the 
theory  is  the  adhesion  of  the  molecnles  of 
the  fluid,  which  is  most  sensible  when 
the  motion  is  slow  and  the  body  small 
and  very  long.  In  such  cases,  it  becomes 
necessary  to  add  a  tenn  depending  on 
the  first  power  of  the  velocity. 

4.  The  resistjinee  is  also  influenced  by 
the  depth  of  the  body  under  the  surface 
of  the  water.  When  the  body  is  near 
the  surface  the  resistance  is  greater  than 
when  it  is  at  the  depth  of  six  feet.  When 
a  l>ody  floats,  the  fluid  is  heaped  up,  as 
it  were,  before  the  anterior  surface,  by 
which  the  resistance  is  increased. 

5.  In  elastic  fluids,  as  tiie  density  in- 
crciises  with  the  pressure,  the  density  o' 
the  fluid  before  the  ant<irior  surface  in- 
creases with  the  velocity,  and  the  incr**- 
mentsofthc  resistance  are  greater  than 
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in  the  ntio  of  th«  iqnorfl  of  tbe  velocity. 
Id  tliiB  «•*,  ulao,  we  m»j  eoaveWt  a  vo- 
locUy ■  ■'  -'  ■■■ ■'— 

e  Decomee  upmhvc,  bb  m 

lunoii  bell  projprted  witli 
a  vetocilv  areater  llisn  thut  with  Trliicli 
sir  rushes  inlo  u  vncnani.  When  thie 
takcB  plaratbe  Bnid  i>  not  eien  in  con- 
tact with  the  poslcTior  siirfupe*  of  the 
belli  end  the  cliarectir  of  tbe  resistance 

B.  Wlicn  a  badj  moves  in  b  finid  a 
portion  of  the  fluid  adheren  to  the  bod}', 

by  t' 

qiisntilT  of  fluid  tliRs  drnggeil  ulone  it 
indepcudcnt  of  the  vclocilf,  and  wiii>  csti- 
malcd  by  Dn  BmC,  from  experiraciilB 
made  on  ephcrea  vibrating  in  vrnter,  to 

tJio  ratio  of  1  to  1-6.  Ills  expcrimentB 
oil  priBms  also  ^iioircd  tliat  the  qunnlily 
of  drnirinid  fluid  was  pronirlioniil  (o  the 
bulk  of  tho  moving  boily-  Mr.  B.-iil/ 
Hives,  aa  the  mean  rcaiilta  nf  his  expcn- 
mculs  on  pendulums  swinjrine  in  air, 
the  mtio  1  to  VMS  an  the  inrreeHe  of  tiic 
diR|>1iieed  flnld  ttom  tliis  cause ;  and  tn- 
markH  tlint  ibe  quantity  iippemed  to  de- 
pend on  lilt  fonn  ae  irtirpi  mufcniindc 
of  the  laovln^  body,  but  not  on  iti>  wci^tlit 
or  anedflo  pmvity.  This  eimiinHtuicc, 
vrliich  eonuderalJIt  modifles  tho  rcfint- 
nnee,  though  miide  knotrn  }iv  Dn  llnnt 
iu  176*,  mw  ovtrlooked  by  otfier  experi- 
inentcts,  until  re-diiwotercd  liy  IIchscI  in 
]SSS,  when  enira^d  on  experiment'  to 
detcnninotliG  Icnj-lbof  llie  seconds' pen- 


[rno 

charconl,  which  absorbs  impnritics  fWim 
11)0  Btni  raphe  re,  and  ntioics  the  pure  ait 
ofily  to  be  tnkcii  in  hv  the  lungf. 

HETINASPUALHU  or  KETINITE, 
A  subetnnet!  discovered  by  Mr.  Ilalcbctt, 
aSBOoiBlcd  with  Bovcy  cool,  and  whieli 
has  since  been  fonnd  m  otiier  eenl  strata- 
Wheu  dijroeted  in  nlcohol  it  yields  a  por- 
tion of  resin,  and  aspliallnm  rcniaiiia  ; 
it  appear*,  therefore,  to  be  a  snbstanco 
intcrniediiite  between  re»in  and  bllainen, 
and  rendcis  it  probable  that  bitumens 
■re  of  rcniuona  oriftin. 

RETORT.    Aglosa,  metal,  or  eartlicn 
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neBs,  to  expel  the  hydrocyanic  add,  and 
convert  tho  meUiIlic  Halts  into  chlorides. 
The  dry  mass  ii«  to  be  reduced  to  a  very 
fine  powder,  and  wn^^hed  with  alcohol  of 
apcciflc  jrravity  0-337.  This  solvent  takes 
possession  of  tho  double  chlorides  which 
tho  sodium  foroM  with  the  platinum^ 
iridium^  copper,  and  mercurj',  and 
does  not  dissolve  the  double  chloride  of 
rhodium  and  sodium,  but  leaves  it  in  the 
form  of  a  powder,  of  a  fine  dark-red 
color.  This  salt  bein^  washed  with  alco- 
liol,  and  then  exposed  to  a  very  strong 
heat,  aifords  the  rhodium.  But  a  better 
mode  of  reducinsr  the  metal  upon  the 
Bmoli  scale,  consists  in  heating  the  double 
chloride  crentlv  in  a  glass  tube,  while  a 
stream  of  hydrogen  passes  over  it,  and 
then  to  wash  away  the  chloride  of  sodium 
with  water. 

Rhodium  resembles  platinum  in  appear- 
ance. Any  heat  whicli  can  be  nroduced 
in  a  chemical  furnace  is  incapable  effus- 
ing it ;  and  the  only  way  of  srivin?  it  co- 
hesive solidity,  is  to  calcine  tho  sul- 
phurct  or  ars'eniurct  of  rhodium  in  an 
open  vessel  at  a  white  heat,  till  all  the 
sulphur  or  arsenic  be  expelled.  A  but- 
ton may  thus  be  obtained,  home  what 
sponjjy,  havinsr  the  color  and  lustre  of 
silver.  According  to  Wollaston,  the  spc- 
cifle  Lmivity  of  rhodium  is  11.  It  is  m- 
soluble  by  itself  in  any  acid  ;  but  when 
an  alloy  of  it  with  certain  nietnls,  as  pla- 
tinum, copper,  bismuth  or  lead,  is  treat- 
ed with  aqua  re^ia,  the  rhodium  dissolves 
alonir  with  the  other  metals  ;  but  when 
alloyed  with  gold  or  silver  it  will  not  dis- 
solve alonsr  with  them.  It  mnv,  how- 
ever, be  rendered  very  soluble  by  mixing 
it  in  the  state  of  a  fine  powder  with  chlo- 
ride of  potiissinm  or  sodinin,  ftn<l  hout- 
\r\i!  the  mixture  to  a  dull-red  heat,  in  a 
stream  of  chl«»rine  iras.  It  thus  fornl^*  a 
triple  salt,  very  solul*le  in  water.  The 
solutions  of  rhodium  are  of  a  beautiful 
rose  color,  wlienee  its  name.  In  the  dry 
way,  it  dis<*olves  V)y  heat  in  btxulphate  of 
]>otas«»a  :  arid  diseuL'aL'cs  suli>hurous  acid 
g:is  in  the  not  of  solution.  There  are  two 
oxirles  of  rlioillurn.  Rhodium  combines 
with  almost  all  the  metals :  and,  in  small 
(jn;intity.  melted  with  steel,  it  hiw  been 
sii|>po>*od  to  improve  the  hardness,  close- 
!»<•«*•».  and  toiiLrhness  of  this  metal.  Its 
o'lii't'  use  at  present  i>*  for  makiner  the 
iniilttTuhU'  nibs  of  the  so-named  rhodium 

KliriJARR.  The  root  of  the  mrum 
jtithinitum,  and  perhaps  some  other  spe- 
cies, eultivatiul  in  China  for  the  supply  of 
tho  drug  market.     The  varieties  of  rhu- 


barb known  in  commerce  nndcr  the 
names  of  Russian,  Turkey,  and  Indian 
rhubarb,  are  all  derived  from  one  source; 
but  the  select  pieces  are  sold  under  tho 
name  of  Russian  and  Turkey  rhubarb, 
and  those  of  somewhat  inferior  quality  as 
East  Indian.  To  judge  of  the  quality  of 
rhubarb,  it  should  be  cut  or  broken; 
when  ^ood  it  is  of  a  mottled  reddish  or 
brownish  red  color ;  that  which  is  very 
pale  or  very  dark  colored,  and  either  so 
soil  as  to  be  spongy,  or  hard  and  stony  in 
texture,  is  bad.  Rhubarb  is  a  valuable 
article  of  the  materia  medica,  being  an 
aperient,  and  at  tho  same  time  a  tonic 
and  astringent. 

There  is  a  coloring  matter  {erythroMc) 
obtainable  from  the  rhubarb  root,  bv  di- 
gesting it  in  strong  nitric  acid,  and  re- 
moving the  insoluble  yellow  powder. 
This  powder  forms  beautiful  red  solu- 
tions with  pota.HS  and  ammonia:  which 
are  capable  of  being  used  as  a  dye  on 
stuffs.  Its  nature  has  not  been  fully  exa- 
mined. 

RICE.  The  name  by  which  rice  was 
known  to  the  ancient  Greeks  and  Ro- 
mans was  oryza,,  and  has  been  adopt- 
ed by  mo<lern  botanists  as  the  generic 
name  of  the  plant  yielding  that  invalua- 
ble grain.  The  genus  oryza  belongs  to 
the  class  Ttexandrla^  order  dt/^i/nia  ;  and 
has  ten  glumes  to  a  single  flower,  and 
two  palea,  nearly  equal,  adhering  to  the 
seed.  It  affords  many  varieties,  of  which 
the  most  common  is  tho  oryza  sativa^  or 
the  English  rice.  This  plant  is  nii.'^cd  in 
immense  quantities  in  India,  China,  and 
most  eastern  countries  ;  in  the  West  In- 
dies, Central  America,  and  the  United 
States,  and  in  some  of  the  southern 
countries  of  P'urope.  It,  in  fact,  occupies 
the  same  phuv  in  most  intertropical  re- 
L'ions  as  %vheat  in  the  warmer  parts  of 
Europe,  and  oats  and  rye  in  those  more 
to  the  north.  Forming,  as  it  does,  the 
principal  part  of  the  food  of  the  most  ci- 
vilized and  populous  eastern  nations,  it 
is  more  extensi\ely  eonsumed  than  any 
other  species  of  grain.  It  is  light  ani 
wholesome,  but  it  is  said  to  contain  less 
of  the  nutritive  principle  than  wheat. 
When  rouirh,  or  in  its  natural  state  in 
the  husk,  it  is  called  paddi/.  There  is  an 
itnmense  variety  in  tne  qualities  of  rice. 
That  which  is  princi])ally  exporte*!  from 
Rcn«ral  ha**  received  the  luiine  of  aifyo 
rice.  It  is  of  a  coarse  rcddiMh  ca.'^t,  l)Ut 
is  sweet  and  lartre-trniinc<l,  and  is  pre- 
ferred by  the  natives  to  every  other  sort. 
It  is  not  kiln-dried,  hut  is  jtarlMiiJi'd  \ji 
earthen  }u)tM  or  caldrons,    jautly  to  dc- 
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8troy  the  Tentative  principle,  so  tlmt  it 
may  keep  better,  ana  parliv  to  facilitate 
the'  process  of  huskinjf.  I'atna  rice  is 
more  esteemed  in  Europe  than  any  other 
sort  of  rice  imported  fVom  the  Ea»t.  It 
is  small -grained,  rather  lonff  and  wiry, 
and  remarkably  white.  But  the  rice 
raised  on  the  'low  marshy  grounds  of 
Carolina  is  unquestionably  very  superior 
to  any  brought  from  any  part  of  Inula. 

The  produce  of  lands  naturally  or  arti- 
ficially irrigated  is,  as  far  as  rice  is  con- 
cerned, from  five  to  ten  times  greater 
than  that  of  dry  land  havi]ig  no  com- 
mand of  water;  and  hence  the  vast  im- 
portance of  irrigation  in  all  countries 
where  this  grain  is  cultivated.  But  it  is 
worthy  of  remark,  that  owing  to  the  not 
un  frequent  occurrence  of  .severe  droughts, 
there  is  a  greater  variation  in  the  crops 
of  rice  than  in  those  of  any  other  species 
of  trruin.  Those  who,  like  the  Hindoos, 
depend  almost  entirelv  on  it  for  subsist- 
ence, are  consequentfy  placed  in  a  very 
precarious  situation.  There  can  be  no 
doubt  that  famines  are  at  once  more  fre- 
quent and  severe  in  Hindostan  than  in 
any  other  quarter. 

A  few  years  ago,  Dntrland  was  princi- 
pally supplied  with  cleaned  rice  from 
Carolina.  To  that  country  the  exports 
of  Carolina  rice  have  been  much  re- 
duced. An  improved  method  of  sepa- 
rating the  husk,  whioli  throws  out  the 
grain  clean  and  unbroken,  has  recently 
been  practised  in  KnLrliirid;  and  as  the 
grain  when  in  the  husk  is  tound  to  pre- 
serve its  flavor  and  swcetnesH  better  (lur- 
inj?  a  lonff  vovaee  than  when  siielled, 
lur^'-e  quantities  are  now  iniiiortcd  rouifh 
from  heiiLral  an<l  the  rnitcd  States. 

Tlie  rice  of  Carolina,  analyzed  by 
Bniconnot,  was  found  to  be  composed  of 
starch  S.5-07.  (»f  gluten  n-Oo,  of  }.nim  <»'71, 
of  uncrystallizable  su;rar  O-'iii,  of  a  color- 
less rancid  fat  like  suet  0-13,  of  vetreta- 
ble  fibre  4'.'^,  of  salts  with  potash  and 
lime  bases  0-4,  and  r>-0  of  water. 

The  plant,  in  a  wild  state,,  has  been 
found  growing  in  the  Northwe«^t  ter- 
ritorv  :  in  all  that  country  the  wild  rice 
is  tound  growing  in  the  lakes  and 
streams. 

Some  of  the  seed  of  this  indiLM-nous 
phint  was  distributed  in  in  1^P.».  It  has 
been  furnished  by  I'rofc-sor  Knndiill,  ot' 
Cincinnati,  who  Ikis  lately  come  fn>m 
the  Minnesota  territory. 

It  is  considered  by  liiin  superior  in 
taste,  and  tar  nu)re  nutritious  tlmn  the 
southern  rice  ;  it  ^tows  ubuti(huitly  as 
an   indisjenoiis    proilnction.  an«l  can   be 


cultivated  to  almost  any  extent  in  the 
rivers  and  lakes  that  abound  in  that 
territory.  After  the  rico  is  ready  for 
gathering,  the  tops  are  tied  np  in  small 
shenfs  ns  it  stands  growing  in  the  water, 
and  then  the  Indian  in  his  canoe  passes 
through  it  and  beats  off  the  seed  into 
Ins  canoe,  by  bending  over  the  canoe  the 
tops  so  that  the  seed  may  fall  aright. 
An  Indian  squaw  will  gather  from  five 
to  ten  bushels  per  day.  It  will  grow  in 
water,  wo  are  informed,  ftx)m  six  inches 
to  five  feet  deep,  when  it  finds  a  muddy 
soil.  Its  stalk,  and  the  branches  or  ears 
that  have  the  seed,  are  described  as  re- 
sembling oats,  both  in  appeamnce  and 
manner  of  growing,  the  staJks  being  full 
of  joints  arid  rising  from  one  half  to  four 
feet  above  the  level  of  the  water. 

Professor  Randall  is  inclined  to  think 
that  there  is  as  much  rice  land  water 
in  Minnesota  as  in  the  same  area  of  the 
States  of  South  Carolina  and  Georgia, 
and  that  the  Minnesota  rice  ground  pro- 
duces as  much  to  the  acre,  and  will  at 
no  distant  period  compete  with  the 
southern  proauction.  We  have  tried  it 
boiled  as  usual,  and  have  found  it  very 
palntable. 

The  specimen,  however,  in  appear- 
ance, is  not  inviting,  as  the  outer  skin 
of  the  hulled  rico  is  dark  colored,  thone'h 
the  inside  is  white  as  the  southern  kind. 
This  njay  be  owing  to  some  difficulty  in 
preservincr  it,  and  probably  if  more  com- 
pletely hulled  the  objection  would  dis- 
appear. 

Since  the  notice  made  of  it  by  Mr. 
Kiindall,  it  has  been  further  noticed  as 
abundant  in  the  Minnesota  territory. 
(ten.  Vcrplanck,  late  Commissioner  to 
the  Clii]ipewa  Indians,  pronounces  it 
better  than  southern  rice.  The  kernels 
are  hnver  and  its  flavor  is  better;  for 
when  boiled  and  stewed,  and  left  to  cool, 
it  I'orms  a  consistent  mass  like  good 
wheat  bread,  and  more  nutritious.  It 
is  stated  that  very  great  quantities  grow 
on  all  the  lakes  in  this  northern  countr>'. 
Tlie  outlets  and  bays  are  filled  with  it. 
It  ripens  in  the  month  of  August,  and  is 
the  nuiin  reliance  of  the  Indians,  during 
the  winter  months,  for  their  sustenance. 
From  this  account  it  would  seem  that  it 
mi'jht  be  an  article  worthy  of  attention, 
and  that  p<)^sibly  it  may  become  known 
and  usid  in  the  more  eastern  states. 

The  introduction  of  rice  in  this  coun- 
try is  said  to  have  been  owinff  to  one  of 
those  trivial  occurrences  which  ot^en  ex- 
ert a  i)owerfnl  influence  on  a  nation's 
prr»sperity.     It  is  stated  that  in  the  year 
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1695.  a  brig  fyom  Madagasoar,  toDchinff 
at  Clmrleston  on  her  way  to  Engltind, 
anchored  off  Sullivan's  Island.  The  cap- 
tain invited  Landarave  Smith  on  board, 
and  presented  to  nini  a  bag  of  seed  rice, 
with  information  of  its  growth  in  the 
east,  and  its  excellence  for  food  and  its 
amazing  increase.  The  governor  divided 
it  among  his  friends,  who  made  experi- 
ments with  it,  which  folly  answered  ex- 
pectation, and  fVora  this  smuU  be^innin^ 
arose  one  of  the  jyrreat  staple  articles  of 
South  Carolina  ana  Geori^ia. 

The  quantity  of  rice  raised  in  1847, 
amounted  to  108,640,590  lbs.,  the  greater 

{)art  of  which  wsis  grown  in  South  Caro- 
ina:  the  value  of  the  foregoing  quantity 
was  $8,091,215. 

The  exports  of  rice  fVom  this  country, 
during  1847  and  1848,  were  to  the  value 
of— 

1817 •3.6a>,ftg6 

IWS 2,331,8:^ 

A  rice  crop  is  said  in  produce  to  equal 
six  time^  the  wheat  crop  in  the  same  lo- 
cality. Forty  bushels  per  acre,  however, 
appear  to  be  the  usual  crop  :  it  reouires 
a  wnnn  and  wet  soil,  hence  it  is  so  ocne- 
fited  by  irrigation. 

The  mode  of  irrigation  of  rice  in  China 
is  thus  described  in  Fortune's  China,  a 
work  which  contains  many  interesting 
particulars  relating  to  Chinese  agricul- 
ture : — 

"  Irrigation  in  China. — Rice  is  grown 
on  the  lower  terrace  ground;  and  a 
stream  of  water  is  always  led  from  some 
ravine  and  made  to  flow  across  the  sides 
of  the  hills,  until  it  reaches  the  highest 
terrace,  into  whicli  it  flows,  and  floods 
the  whole  of  the  level  space.  VVlien  the 
water  rises  three  or  four  inches  in  heiffht, 
which  is  sufficiently  hisrh  for  the  rice,  it 
finds  vent  ut  an  opening  made  for  the 
purpose  in  the  bank,  through  which  it 
flows  into  the  terrace  below,  which  it 
floods  in  the  same  manner,  and  soon  to 
the  lowest.  Jn  this  way  the  whole  of 
the  rice  terraces  are  kept  flooded  conti- 
nually, until  the  stalks  of  the  crops 
assume  a  yellow  ripening  hue  ;  when  tne 
water  beinjf  no  lonsrer  required,  is  turned 
back  into  its  natural  channel,  or  led  to 
a  dilferent  part  of  the  hill  for  the 
nourishment  of  other  crops.  Tlicse 
mountain  streams,  whicli  abound  in  all 
parts  of  the  hilly  districts,  are  of  the 
jfroatcst  importance  to  the  farmer;  and 
as  they  ireFierally  sprinjj  from  a  high 
elevation   in   the*^  ravines,   they  oan  be 


oondnctod  at  pleasure  over  all  tho  lower 
parts  of  the  hill.  No  operation  in  agri- 
culture gives  him  and  his  laborers  more 
pleasure  than  leading  these  streams  of 
water  from  one  place  to  another,  and 
making  them  snbser\'ient  to  their  pur- 
poses. In  my  travels  in  the  country  tho 
mhabitanta  often  called  my  attention  to 
this  branch  of  their  operations ;  and  I 
pleased  them  much  wlien  I  expressed 
my  admiration  at  the  skill  with  which 
they  executed  it.  The  practice  is  not 
confined  to  the  paddy-fields ;  for  I  re- 
member once,  when  superintending  the 
planting  of  some  large  trees  and  shrubs 
in  the  garden  of  Messrs.  Dent  and  Co., 
in  Hong-Kong,  after  I  had  given  them 
a  large  supply  of  water  at  the  time  they 
were  put  mto  the  ground,  I  desired  the 
fifardener  to  repeat  the  dose  next  morn- 
ing. But  on  the  following  day,  when  I 
returned  to  the  spot,  I  was  surprised  to 
find  a  little  stream  divided  into  mau7 
branches,  and  meandering  among  the 
roots  of  the  newly-planted  trees.  As 
there  was  no  stream  there  before.  I  went 
to  examine  its  source,  and  fonna  that  it 
had  been  led  from  a  neighboring  ravine 
— n  work  more  easy  than  carry insr  a  larsre 
supply  of  water  in  buckets,  at  the  same 
time  more  effectual." 

RICE  PAPER.  This  substance  is  said 
to  be  a  membrane  of  the  ArU*carpu»  in- 
cisa^  or  bread-fruit  tree.  It  is  brougrht 
from  China  in  small  pieces,  dyed  of  vari- 
ous colors,  and  is  used  as  a  material  for 
painting  upon,  and  for  the  manufacture 
of  several  tancy  and  ornamental  articles. 
It  is  sometimes  erroneously  stated  to  be 
prepared  tVom  rice. 

RIFLE  GUNS.  Muskets  or  pieces  of 
ordnance,  whose  barrels,  instead  of  being 
a  clear  cvlinder  inside,  are  furrowed  with 
spiral  channels.  The  object  is  to  give 
the  ball  a  rotatory  motion  about  an  axis, 
in  consequence  of  which  it  preserves  its 
direction  with  much  greater  certainty 
than  when  fired  from  tlie  common  clear 
barrel.     (.SVr  Gun.) 

Prvssian  Breach- T^oad in g  Rifie.  There 
is  a  Prussian  rifle,  known  by  the  name 
of  the  Zund  Nadel  (darting  needle).  The 
liirht  infantry  of  the  Prus8ian  army  are 
all  anned  with  this  fearful  weapon)  and 
in  the  lote  war  with  the  Danes,  and  in 
sotne  encounters  with  the  people,  it 
proved  tcrrihly  advantaL'oons  on  the  sitle 
of  PnisHia.  It  liMs  a  ntiniluT  of  points 
about  it,  very  diflVrcnt  from  all  other 
brecch-loadiiiL'  fire-arum,  the  principal  of 
which  are  the  three  followinsr.  First,  it 
uses  a  dirt'ercnt  cartridge  ond  no  detonat- 
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ing  powder,  but  a  firiction  needle— ^af^in^ 
needle  (zund  nadel),  which  ()icrccs  the 
bottom  of  the  cartridge  and  ifrnites  tlie 
powder  by  a  friction  combubtible  prim- 
inK'  All  this  \b  douo  inaide,  and  it  is 
verUiinly  as  efflcaciouB  in  wet  as  in  dry 
weatlier.  Second,  An  oir  chamber  be- 
hind the  cfirtridge,  in  which  the  expand- 
ed air  acts  to  force  out  the  ball.  It  carries 
a  bull  800  yards,  and  is  as  effective  at  that 
distance  an  a  musket  at  150,  and  in  that 
cat^e,  for  picking  off  artillervmen  on  the 
field,  it  was  said  by  a  celebrated  Ameri- 
can General,  who  beheld  its  effects, 
*'  their  occupation 's  gone."  Third,  The 
slidinir  breechpin,  and  the  manner  of 
oporiiting  and  fastening  it  in  an  inclined 
bait  of  the  breech. 

RIGIDITY.  In  mechanics,  a  resist- 
ance to  change  of  fonn.  In  all  theoretical 
investigations  respecting  the  opplication 
of  forces  through  the  intervention  of 
machines,  those  machines  are  assumed 
(except  cords)  to  be  perfectly  rigid,  so 
h»r  as  the  forces  einployed  are  oble 
to  affect  their  integrity  of  form  and 
structure.  Kigidity  is  often,  in  the  arts, 
csdled  stiffness^  and  is  opposed  to  flexi- 
bility. 

Tlie  riffiditu  of  cor<h^  or  the  difficulty 
with  which  they  are  bent  into  any  given 
curve,  is  the  chief  cause  of  the  loss  of  power 
arising  from  their  employment  in  ma- 
chines. The  law  of  their  loss  of  force 
may  be  thus  expressed :  The  resit^tanec 
arising  from  the  stiffness  of  cords  is  as 
the  weights  which  stretch  the  cords  mul- 
tiplied by  the  thickness  of  the  cords,  and 
divided  by  the  radii  of  curvature  of  the 
surfaces  over  wliich  they  j)iiss.  It  is 
liowever,  necessary  to  state,  that  ex]>eri- 
ments  exliibit  great  discrepancies  with 
this  tlicoretical  law. 

KINGS,  FAIKY.  This  name  is  given 
to  irregular  circles  in  pa^tures  and  Inwns 
on  which  A(jnr\cs  s]>ring  up,  and  which 
become  much  more  verdant  tlinn  the 
surrounding  grass.  They  are  caiise<l  by 
the  centrifugal  growth  of  the  spawn  of 
the  Aijaric^  which  radiiites  from  a  com- 
moii  centre,  and  bears  the  fructilication, 
which  is  wliat  a])i»ears  above  ground, 
only  at  the  circumtorence.  The  veniiirc 
of  the  grass  where  those  fungi  grow 
seeins  to  be  caused  eitlier  by  tlieir  ma- 
nuring the  ground  when  they  decay,  or 
b\  the  nitrogen  they  give  otf,  which  is 
an  iictive  stinmlant  to  vcgctntion,  Tlic 
iipi'lii-ation  {){'  fiihtf  rifi(/fi  was  i:ivcn  to 
thi>  plicnonicnon  from  their  being  re- 
garded as  tl»c  {>laces  wlu're  the  fairies 
held  their  nocturnal  revels. 


BO  ADS,  are  pathvays  formed  through 
a  conntry,  by  which  passengers  and  com- 
modities may  travel,  or  be  transported, 
with  more  or  less  facility  and  expedition, 
from  one  place  to  another.  Roads  arc  of 
various  kmds,  according  to  the  state  of 
civilization  and  wealth  of  the  country 
through  which  they  are  constructed,  and 
according  to  the  nature  and  extent  of  the 
traffic  to  be  carried  on  upon  them,  from 
the  rude  paths  of  the  aboriginal  people, 
carried  in  direct  lines  over  the  iiotuml 
surface  of  the  country,  passable  only  by 
foot  passengers  or  pacR-horses,  to  the 
comparativ^y  perfect  modem  road,  car- 
ried on  an  artificial  causeway,  and  re- 
duced to  a  nearly  level  surface  at  enor- 
mous expense  by  means  of  vast  excava- 
tions, extensive  embankments,  bridges, 
viaducts,  tunnels,  and  other  expedients 
supplied  by  the  skill  and  ingenuity  of 
the  civil  engineer. 

Advantaffei*  of  Roads. — ^There  is  no  ex- 
pedient wliich  more  powerfully  condncea 
to  the  advancement  of  a  people  in  civiliza- 
tion, or  to  the  extension  of  their  pros- 
perity and  national  wealth,  than  the  con- 
struction of  good  roads,  connecting  the 
various  centres  of  commerce  and  of  in- 
dustry about  which  they  may  have  col- 
lected themselves.  Tlie  invention  of 
printing,  the  expedient  of  money,  the 
adoption  of  aunitbrm  system  of  weights 
and  measures,  would  severally  be  ineffec- 
tual, or  productive  of  advantage*  of  a 
very  limited  extent,  if  the  intercommn- 
nieation  of  those  whose  feelings  and  ide:is 
arc  expressed  and  conveyed  in  print, 
and  among  whom  money  is  made  to  cir- 
culate, and  wh.osc  commerce  is  stimulat- 
ed and  facilitated  bv  the  uniform  module 
of  quantity  supplied  by  weights  and 
measures,  %vere  n(>t  facilitated  and  exi>€- 
<litcd  by  the  means  of  conveyance  sup- 
pru-d  liy  roads.  AVithout  roads,  the  in- 
tercluiiige  of  advantages,  moral,  intellec- 
tual, find  physical,  which  now  takes  place 
in  all  higlily  civilized  countries  between 
the  rural  and  the  urbane  population, 
could  not  be  maintained ;  witnont  them, 
indeed,  large  towns  or  cities  could  not 
continue  to  exist.  The  supnly  of  the 
population  collected  in  such  places,  with 
the  various  products  of  agriculture,  ne- 
cossarv  to  tlieir  physical  existence,  coiild 
not  be  sustained.  Nor,  on  the  other 
hand,  would  the  rund  ]>opulation  afford- 
ing tli.'it  snpjily  be  benefited  by  a  return 
in  cxclianije  of  the  refinements  of  the 
town,  and  the  vnri<uis  articles  of  luxury 
and  necessity  obtained  by  commerce  from 
every  part  of  the  globe. 
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Bat  roads  are  not  less  necessary  for  the 
advancement  of  agriculture  itself,  than 
for  the  duo  mjiintennnce  of  the  necessary 
relations  between  the  towns  and  the 
country.  Without  tlie  aid  of  roads,  it 
would  he  impossible  to  apply  those  artii  to 
the  soil  by  which  increased  powers  of 
production  are  jfi  ven  to  it.  Without  roads, 
the  various  kinds  of  manure,  by  whicli 
the  wientific  farmer  knows  how  to  raise 
augmented  crops,  could  not  be  trans- 
ported to  his  fields  from  the  place,  often 
distant  and  difficnlt  of  access,  where  such 
manures  are  found.  Roads  may  then,  in 
fact,  be  considered  as  a  system  of  veins 
and  arteries,  bv  which  ail  those  princi- 
ples necessary  tor  the  maintenance  of  the 
prosperity  or  a  country  are  kept  in  circu- 
lation. 

Tlie  Art  of  Road-makinrf. — When  it  is 
proposed  to  construct  a  line  of  road  ex- 
tenaing  between  two  places,  the  engineer 
upon  whom  such  a  duty  devolves,  first 
makes  himself  well  acquainted  with  the 
Burfuco  of  the  country  lying  between  the 
two  places,  so  as  to  obtain  an  acquaint- 
ance with  the  face  of  the  country,  some- 
what approaching  to  that  which  would 
be  supplied  by  a  superficial  model  of  it, 
which  would  exhibit  all  its  inequalities 
and  undulations  of  surface.  He  is  then 
to  select  what  he  considers,  all  circum- 
stJinces  being  taken  into  account,  the  best 
general  route  for  the  proposed  road. 
But,  previously  to  laying  it  out  with  ac- 
curacy, it  is  necessary  to  niake  an  instru 
mental  survey  of  the  country  along  the 
route  thus  selected;  taking  the  levels 
from  point  to  point  throughout  tbc  whole 
distance,  and  making  borinifs  in  all  places 
where  excavations  arc  required,  to  deter- 
mine the  strata  through  wliich  such  cut- 
tings are  to  be  carried,  and  the  requisite 
inclinations  of  tlio  slopes  or  slanting 
aides,  as  well  of  the  cnttinifs  as  of  the 
embankments  to  bo  formed  by  tiic  mate- 
rial thus  obtained.  It  is  also  requisite,  in 
the  selection  ot  the  route  for  the  propos- 
ed road,  to  have  regard  to  the  supply  of 
materials,  not  only  for  first  constructing  it, 
but  for  maintaining  it  in  repair  ;  thus,  the 
position  of  gravel  pits  and  (quarries  in  the 
neighborhood  of  the  proposed  lino,  and 
the  modes  of  access  to  them,  should  be 
well  ascertained. 

The  results  of  sucli  an  investigation 
should  be  reduced  to  a  plan  and  section  ; 
the  plan  of  the  rond  being  on  a  scale  not 
less  than  6t»  yard-*  to  an  inch,  and  tlic 
section  not  less  than  30  feet  to  an  inch. 

The  loss  of  tractive  power,  and  danger 
to  travellers  producca  by  steep  acclivi- 


ties, render  it  espeoiallv  necessary  that  a 
proper  limitation  sboula  be  imposed  upon 
the  inclinations  or  acclivities  on  every 
lino  of  road  on  which  much  traffic  is  car- 
ried on.  As,  however,  this  redaction  of 
hiUs  in  a  eountry  where  much  ineqaality 
of  surface  exists  is  attended  witha  consid* 
erable  outlay  of  capital,  the  engineer  will 
have  to  balance  the  cost  of  constructing 
a  road,  having  the  best  possible  inclina- 
tions against  the  advantages  to  be  ob- 
tained in  the  permanent  working  of  the 
road  ;  and  if  the  expected  traffic  be  not 
such  as  to  yield  advantages  proportionate 
to  the  capital  absorbed,  greater  rates  of 
inclination  mast  be  allowed  to  the  hills, 
with  a  view  to  diminish  the  extent  of  the 
works,  and  to  render  the  expense  of  con- 
structing the  road  proportionate  to  the 
traffic  expected  upon  it. 

A  dead  level,  even  where  it  can  be  ob- 
tained, is  not  tl»e  best  course  for  a  road  ; 
a  certain  inclination  of  the  surface  facili- 
tates the  drainage,  and  keeps  the  road  in 
a  dry  state.  There  is  a  certain  inclinan 
tion,  depending  on  the  degree  of  perfec- 
tion given  to  the  surface  of  the  road,  and 
on  the  structure  of  the  carriages  worked 
upon  it,  which  cannot  be  exceeded  with- 
out a  direct  loss  of  tractive  power ;  this 
inclination  or  acclivity  is  that,  in  descend- 
ing which,  at  a  uniform  speed,  the  traces 
slax-kcii,  or  which  causes  the  carriages  to 
press  on  the  Iwrses :  the  limiting  incli- 
nation within  which  this  effect  does  not 
take  place  is  called  the  arnjle  of  rifpose. 

On  all  acclivities  less  steep  than  the 
angle  of  repose,  a  certain  amount  of  trac- 
tive force  IB  necessary  in  tlie  descent  as 
well  as  in  the  ascent ;  and  the  mean  of 
the  two  drawing  forces,  ascending  and 
descending,  is  equal  to  tlio  force  along  a 
level  road.  Thus,  on  such  acclivities  as 
much  power  is  gained  in  the  descent  as 
is  lost  in  the  ascent;  but  on  acclivities 
which  are  more  steep  than  the  angle  of 
repose,  the  load  presses  on  the  horses 
during  their  descent,  so  as  to  impede  their 
action,  and  their  power  is  expended  in 
eliecking  the  descent  of  the  load  :  or,  if 
this  effect  be  prevented  bvthe  use  of  any 
form  of  drag  or  break,  tlien  the  power 
expended  on  such  drag  or  break  corre- 
sponds to  an  equal  Quantity  of  mechani- 
cal power  expended  in  the  ascent,  for 
which  no  equivalent  is  obtained  in  the 
descent. 

On  well-constructed  roads,  with  car- 
riajjes  such  as  now  are  gononilly  used  in 
En<,dand,  the  ansfie  of  rcj»ONC  may  bo 
tJiken  at  about  one  in  thirty-six ;  and 
this  is  consequently  an  acclivity  which 
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oofrht  not  to  be  exceeded  od  roaii»  over 
whieh  mueL  traffic  is  carried. 

The  f  ipedienW  by  whioh  the  requisite 
IndiuMioaa  tn  obtiiDed  on  commoa 
roads  are  tbe  eamo  ua  tho«e  wbicb  ftre  re- 
BOrted  to  in  the  oonstruction  of  nulwajs. 
{Set  Railkoam.) 

The  euict  ooame  of  tbe  road,  and  the 
de^Toe  of  ita  accUvitJett  bein^  delenniDedf 

tbrmBtioii  of  it»  eut&oe.  The  quoJitiea 
wbicb  alight  to  be  impartsd  to  it  ere  two- 
fold— flrsl.,  it  should  be  smooth  ;  eccood- 
ly,  it  should  be  bard ;  and  tbe  goodness 
of  tbe  road  will  be  esnclJy  in  tbo  propor- 
tion of  the  do(pBc  in  which  tiiese  qiiali- 
ties  can  be  imparted  to  it,  and  pcrina- 
nenUy  mwntiiined  upon  it.  An  error  pre- 
vailed amoDjf  road  eoj^incora  unlit  il  very 
recent  period.  It  was  considered  that 
smootbncig  of  surfuce  alone  was  siiffloieul 
for  tbe  perfection  of  a  road;  and  that, 

Srovded  it  could  be  made  suftleiently 
urable,  it  vat,  unimportant  how  sotl  or 
yiuldiue  the  coating  of  tlie  road  might 
be.  This  error,  it>to  which,  anions  others, 
Uacadam  himself  feil,  was  baivd  npon  a 
neglect  of  one  of  llie  niOAt  important 
circnmslanccu  to  bo  confidercd  in  (lie 
construction  ofaroad.  The  main  object 
(o  be  atuiined  bj'  all  roods  ia  llic  diminu- 
tion of  tbe  reiiiBlanco  wliidi  e  carriue 
opposea  to  tbe  (ractiva  power.  Otiicr 
tliniirB  beini;  tlic  name,  it  was  snffldcutly 
apparent  tbst  tliis  rettintance  would  be 
diininisiieci  by  increusinE  the  smoothness 

unevcnness  of  surllico  i*  not'the  only 
Ciiiii^  of  resislnncc  W  tlic  tnwtivc  power; 
if  two  roadit  liave  tlieir  iinrtticcM  ainnil.v 
■month  and  even,  but  one  I»  bo1\  and 
elaatic,  so  a»  to  jield  under  tlie  pressure 
of  the  whtc],  rceoverlnic  its  form  as  tbe 
vheel  advances,  and  the  nlher  i«  liard 
and  unyielding,  tlie  miMnnce  to  the 
tractive  |>ower  vlll  be  grouler  on  tbe  eoft 
and  yielding  mail  than  on  tlic  Irnrd  and 
nnyicldiug  ruoil :  and  tiiii>  nuenicnlulion 
-'  —  "  *    -!e  will  he  in  iirojwrlion  to  the 
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into  the  pile  of  tbe  velvet;  and  altboo^h, 
ill  viitue  of  iu  ebuLicity,  tbe  eurfsce  of 
tbe  road,  like  that  of  the  velvet,  may  re- 
oarer  ita  emoothness  after  tbe  preaanra 
has  been  removed  from  it,  still  a  resist- 
ance will  be  offered  to  tbe  drawing  or  im- 
pellina  power,  wbicb  would  not  bo  pro- 
duced by  a  bard  and  unyielding  eorbnc 


mdwilbin  thelaat  bitif  ceD- 
much,  consisla  in  fonnin^ 
t  of  stones,  broken  with  ■ 


formed  are  broliCQ  to  tbe  proper  magni- 
tude and  form,  they  ore  spread  over  tbs 
surface  ofthe  road  in  a  layer  of  three  or 
four  inches  thick.     After  this  baa  been 


HonncsB  ofthe  snrOice.  That  tli.. 
be  the  case,  admits  of  inimediuti' 
slralion  on  inEclianie.il  and  niathi 
principle*;  but,  iritliout  rcMin 
tiii'i'c.  it  must  be  anfflcicnilv  a 
fT'im  tlie  rcMultii  of  the  most  cuuii 
perience.     A  surface  of  veil 


.n.l  even  m 
TV  ball  be 


fiirfnii: 


'li  1..,i 


one  byer  is  laid  over  anothi 
artiflcia]  crust  is  formed  of  brotea  stonee 
of  unfflcienl  thickness  to  give  the  requi- 
site strength  to  the  road. 

A  coating  or  road  crust  thus  formed 
might  be  conslniclcd  on  any  sul»tnitnm 
end  apparent' 

of  1^10  .    .      .    __ 

niaintained  tlisl  if  it  was  not  such  a  bog 

lie  would  even  preterit  to  a  bard  bottom. 
T'l/'ViTi  .^>i(»m,— The  inipTOvcmenl 
in  ruad-nuikiiig,  which  consists  in  a  dne 
Bltention  to  Ihe  subi'tratnm  or  foundation 
otihi:  nmd,  so  as  togi^'e  increased  fadli- 
ty  to  Ihe  troetive  pon-er  by  rendering  its 
hiirlui-c  bard  and  nnyielding,  is  due  to 
Ihv  luiK  Mr.  Telford.  The  following  is  a 
'IcHiTiptionof  llie  method  ofeoiistrading 
^ncll  a  road  pra-^Uscd  by  tliat  emineut 

tViii  the  level  bed,  prepared  for  the 

I'f  stones  is  to  be  set  by  band,  in  fonn  of 
a  (-l<-»e  Arm  puvcnieiit.  Tlie  stones  set 
in  the  middle  of  the  road  should  be  T  iu- 
ciie-  in  dcjth  ;  at  tl  feet  from  the  centre 

4  iiiclie.-;  and  iit  i'l  feel,  a  inches;  ilie 
eiiiir.-  widili  of  llie  road  behig  :H<  feel. 
TIk'>c  i'Ioiii'S  arc  to  be  set  on  their  broad- 
(-1    iiJl,'.«   k-iigtliwi»e  across    Ihe  road. 
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and  the  breadth  of  the  upper  edge  should 
not  exceed  4  inchen.  All  the  irregulari- 
ties of  the  upper  part  of  thii«  pavement 
are  to  be  broken  on  by  hammers,  and  all 
the  interstices  to  be  filled  wita  stone 
chips  firmly  wedged  or  packed  by  hinid 
witQ  alight  hammer*  so  that,  when  the 
pavement  is  finished,  its  cross  section 
shall  have  a  convexity  of  surface  of  about 
4  inches  in  the  centre  above  the  extreme 
edges ;  18  feet  in  the  centre  of  this  pave- 
ment are  to  be  coated  with  a  layer  of  hard 
broken  stones,  6  inches  deep ;  of  these  6 
inches,  4  must  be  first  put  on  and  worked 
down  by  carriages  and  horses  in  the  or- 
dinary traffic  of  the  road,  care  being 
taken  constantlv  to  rake  in  the  ruts  until 
the  surface  has  become  firm  and  the  crnst 
consolidated.  Atler  this,  the  remaining 
2  inches  of  stone  may  be  put  on :  the 
whole  of  this  stone,  forming  6  inches  of 
crust,  is  to  consist  of  pieces  broken  as 
nearly  as  is  practicable  into  a  cubical 
form,  and  ot'such  a  magnitude  that  they 
can  p<iss  through  a  ring  of  2i  inches  in- 
ternal diameter.  The  spaces  on  each 
side  of  the  middle  18  feet  are  to  be  coated 
with  broken  stone  or  well-clcnnHed  stone 
gravel  up  to  the  level  of  the  footpath,  or 
other  boundary  of  the  road,  so  iis  to  make 
the  whole  convexity  of  the  road  6  inches 
in  the  middle  above  the  level  of  the  edges ; 
and  the  whole  of  the  materials  thus 
formed  and  consolidated,  should  be  cov- 
ered with  a  coating  li  inches  deep  of 
good  gravel,  fVee  from  clay  or  earth. 

Under  the  article  Pavemrnt  for  roads^ 
the  Knss  and  Perrine  pavements  put 
down  in  New- York  are  described.  These 
are  in  part  busod  on  Telford's  plan,  and 
are  enduring  roads.  In  1850,  n  part  of 
Broadway  was  paved  thus :  there  was  an 
excavation  made  to  the  depth  of  2  feet, 
and  course  flagstone  2  feet  by  8  laid 
down.  The  seunis  were  filled  in  by  hot 
pitch  covered  by  gravel,  and  above  this 
a  layer  of  broken  road  metal  was  laid 
smootiily,  and  the  whole  overtopped  with 
largo  trnmite  blocks,  about  the  si/e  u^ed 
for  Kuss  pavement.  There  can  be  no 
oneation  uoout  the  enduring  qualities  of 
tills  pavement,  but  the  large  blocks  on 
top  are  objectionable,  for  when  worn 
smooth  they  l)ccome  dangerously  slippe- 
ry. Neither  is  it  convenient,  when  a  ne- 
cessity arises  to  open  the  street  to  get  at 
the  f^w^  or  water  pipes.  Top  blocks  of  half 
the  size  would  answer  a  better  purpose; 
where  a  firm  ftnmdatiou  is  used  the  top 
tier  need  not  bo  so  iar^ce.  On  these  roadn 
the  superficial  wear  is  but  slight,  and 
much  of  the  dust  of  summer  and  mud  of 

23* 


winter  is  obviated.  Suoli  is  the  structure 
which  is  rec^uisito  for  the  strecta  which 
are  the  main  thoroughfares  of  a  great 
city ;  a  pavement  with  less  strength  of 
foundation,  and  formed  of  smaller  blocks 
of  stone,  being  used  for  the  streets  of 
less  intercourse. 

To  many  inconveniences  produced  in 
the  groat  thoroughfarea  of^this  or  any 
other  large  city,  along  which  heavy 
stages  travel,  by  reason  of  the  rapid 
wear  of  every  kind  of  pavement  hitherto 
adopted,  a  suspension  of  the  intercourse 
durmg  the  frequent  repairs,  the  dust  in 
summer  and  the  mua  in  winter,  pro- 
duced by  a  surface  of  broken  stones, 
and  *he  intolerable  noise  producea 
by  evi,ry  species  of  stone  pavement, 
have  latel^v  ?xcited  much  inquiry  as  to 
the  possibilitv  of  constructing  some  road 
havmg  sufficient  strength  for  a  traffic  so 
enormous,  sufficient  durability  to  prevent 
the  inconvenience  of  the  frequent  sus- 
pension of  intercourse  by  the  necessity  of 
repairs,  and  presenting  a  surface  which, 
while  it  would  be  free  from  the  noise  ol 
a  stone  pavement,  would  not  be  attended 
with  the  inconvenience  of  dust  and  mud 
produced  by  a  surface  of  broken  stone. 
This  problem  appears  to  be  in  a  great  de- 
gree solved  by  the  adoption  of  a  pave- 
ment of  wood.  A  short  piece  of  Oxford 
Street,  London,  was  paved  in  the  begin- 
ning of  1 889  ;  and  afler  a  successful  trial  of 
several  months,  the  same  pavement  was 
extended  nearly  throughout  the  whole 
extent  of  that  street;  and  up  to  the  year 
1S46,  this  method  of  pavement  was 
in  process  of  constniction  in  several 
other  thoroughfares  of  London.  The 
idea  of  a  wooden  pavement  is  not  new. 
In  tlic  northern  parts  of  Germany  and  in 
KuHsia  such  pavements  have  been  long 
in  use ;  some  of  the  main  streets  of 
Petersburijli  and  Vierma  have  long  been 
paved  in  this  manner.  A  few  years  ngo 
a  series  of  experiments  were  made  at  New 
York,  to  determine  the  bcs*.  description 
of  paving  for  a  street.  One  of  the  methods 
adopted  was  a  tesselate<l  pavement,  form- 
ed of  hexajfonal  blocks  of  pine  wood, 
measuring  6  inches  on  each  side  of  their 
transverse  scclion,  and  12  inches  in  depth. 
From  the  manner  in  which  the  timber  is 
cut,  its  fibres  are  vertical,  and  therefore 
the  tendency  to  wear  from  vertical  pres- 
sure is  sniail.  The  blocks  arc  coated 
with  pitch  or  tar,  tbrmiiii:  asM«<»oth  upper 
surface. 

Various  inrtho^ls  Imvc  been  proposed 
forln^iuL'  tlic  wo.mI  ]>avenic:;ts  of  Lon- 
don ;    but  as  the-e  methods   have   beefi 
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tried  and  fonnd  objectionable,  it  is  nn- 
necesaarv  to  do  more  than  notice  tliem 
here.  I'hcre  appears,  however,  still 
sntiicient  to  justily  a  well-grounded  ex- 
pectation that  wooH  pavements  of  some 
form  or  other  will  soon  supersede  all 
others  for  great  thorouglifares  of  towns. 

In  constructing  roads  it  is  fur  better  to 
make  them  as  level  as  possible  at  first, 
and  rather  go  round  than  up  the  hills. 
It  is  calculated  that  the  power  of  a  horse, 
on  a  level,  averages  1,000  lbs.,  at  a  mod- 
erate pnce,  and  in  a  rise  of  1  in  100  feet 
he  can  draw  only  900 ;  1  in  50,  810 ;  1  in 
44,  750 ;  1  in  40,  720 ;  1  in  80,  640 ;  1  in 
26,  540 ;  1  in  24,  500 ;  1  in  20,  400;  1  in 
10,  250.  In  round  numbers,  u|>on  aslope 
of  I  in  44,  or  120  feet  to  the  mile,  ahon^e 
can  draw  only  three-quarters  as  much 
as  he  can  upon  a  level ;  on  a  slope  of  1  in 
24,  or  220  feet  to  a  mile,  he  can  draw 
only  half  as  much  *  and  on  a  slope  of  1  in 
10,  or  528  feet  to  tlie  mile,  onlv  ouc-ouar- 
ter  aA  much.  Though  a  horse  on  a  level 
is  as  strong  as  Ave  men,  yet  on  a  steep 
hill  it  is  less  strong  than  three  ;  for  throe 
men,  carrying  each  100  lbs.,  will  ascend 
fa.^ter  than  a  horse  with  800  lbs.  The 
popular  theory,  that  a  gentle  undulating 
road  is  less  fatiguing  to  horses  than  one 
which  is  perfectly  level,  is  pronounced 
erroneous. 

Mr.  Bevan  has  published  results  of 
some  experiments  on  the  actual  forcHi  of 
draught  of  carriaires  upon  common  roads, 
all  made,  or  refluoed  to  rojuls  perfectly 
level  or  horizontnl,  to  sejmratc  the  me- 
chanical force  due  to  the  inclination  of 
the  hill  or  plane  from  the  force  necessary 
to  overcome  the  frii-tion  of  tiie  carriaije, 
in  its  ordinary  ntate,  ns  atl'ccted  by  the 
conditif»n  of  the  road  ;  and,  l.)y  way  of 
rendering  them  comparable  with  other 
experiments,  which  have  been,  or  may 
yet  be,  made  on  this  sul>ject,  he  consiil- 
ered  the  gross  loml  of  the    wturon  and 


burden  to  be  divided  intolOOo  parts. 

Loose   sai 
204  or  l-5th 


Loose   sandy   road,    fore 


lOOo  p 
•e   or 


drauglit 


Turnpike-road,  new  gravelled,  mean 
143  or  l-7th. 

Ordinarv  bve-road,  mean  106,  nearlv 
l-9lth. 

Hard  compact  loam,  mean  53,  nearlv 
1-11'th. 

Pry  hard  turf,  mean  40  or  l-2.")th. 

Tuinpike-road,  with  a  little  dirt,  mean 
34 1  or  l-2Vnii. 

Turnpike- road,  free  from  dirt,  mean 
80  i  or  1-;]:U. 

From  which  it  appears  llmt  Jiv^  horses 
will  draw  with  equal  ease  thesame  load 


upon  A  good  hard  tnnipike-roftd,  as  <AtH|)r- 
three  horses  can  do  upon  loose  sand !  Or, 
if  we  assume  the  value  of  draughty  npon 
a  well-formed  road  in  ^ood  condition,  at 
sixpence  per  ton  per  mile,  the  eqalvalent 
price  will  bo 

«.  d. 

Upoa  hard  turf 0    71 

*•     hard  luam 0    9| 

^     ordinary  bye- road 1    7 

**      newly  gravelled  road 2    2 

**      loose  sandy  road 3    I 

On  hard  smooth  roads  the  forces  are 
required  to  be  as  the  angle  of  indination, 
nearly ;  but  when  the  wheels  sink,  they 
have  to  overcome  the  enlaii^ed  angle 
created  by  the  cavity,  in  relation  to  the 
level  ground  which  follows. 

He  has  published  a  table,  containing 
the  resulta  of  experiments  made  upon 
the  hardness  of  road  materialt,  or  their 
power  of  resisting  the  percus8ion  of  a 
^iven  weight  of  cast-iron,  falling  a  few 
inches  upon  the  several  specimens  broken 
to  the  ordinary  size,  and  resting  upon 
stone  or  iron.  Supposing  the  weather  to 
have  no  action,  the  table  would  express 
nearlv  the  relative  value  of  the  materiala, 
for  tfie  purpose  of  supporting  the  wear 
of  a  road;  and,  therefore,  tliose  which 
resist  the  action  of  frost  and  weather,  and 
have  the  highest  numbers,  are  most  val- 
uable. 

Sinniie 100 

White  marble 37*31 

^dlesex^!l'!*l!'...*!!'I".(^-27.    ^^.    ^^ 

Quartz  pebble 70 

Ferru^iiK»us  sandstone 2042 

Ifnrlock  from  lower  chalk 10 

riiiilk 3 

Granite HO 

Flint,  yellow 33-26 

C>  recnvioiic 110 

Sintlsione,  poft 13-6 

Tilr  fraiimcni 20 

rirlt.^tono,  near  BrixM-orth 48  60 

Limestone,  near  Bradwall 5 

Drv  cliiv  12 

Flint,  black 11  80 

Portland  Mone,  hard 14 

Qniirtz,  white 56 

Blue  iM-bble.  like  Kowlev  rag 105  110 

( Vi:ir>e  limestone,  near  htiltda ■.^..     60 

<Jritstone,  near  Lee<ls 10O115 

Vork^iliire  piivinf;-*tone 20 

Kotton.  hard.... 20 

TettiTiihoe 4 

(  lurt 6T 

r.ray  wether.  IfortH  and  Wilt.-* 18 

(irit  of  ni)per  ]>ed.  Colly ineston 40 

Srrond  bed,  dJUo ' 100 

Slat."  Ml  ditto 50 

Stockton  limestone,  (Ma*) 45 

Newbold.  on  A\on,  ditto ,  86 

Lime>-tone  of  l>tokc'  (.'nierne. 85 

Co[iiK.'r  .sl.14: 243 
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The  steady  pre&fture,  without  perous- 
Bion,  required  to  oriuh  a  piece  of  the 
marble,  veighinff  half  an  oz.,  was  100 
Ibe. ;  to  crush  the  grey  flint,  of  1*2  oz. 
weight,  2000  lbs. ;  to  crash  the  rolled 
white  quartz  pebble,  of  2  oz.  weight,  8400 
lbs. 

ROGHELLE  SALT.  The  tartrate  of 
soda  and  potassa.^  It  is  a  double  salt, 
composed  of  2  equivalents  of  tartaric  acicl 
(66  4-  2)  =  132,  1  equivalent  of  potassa 
=  48.  and  1  of  soda  =  82.  Its  crystals, 
whicn  arc  lar^e  and  MrcU-deflncd  prisms, 
often  presenting  eight,  ten,  or  twelve 
sides,  include  8  equivalents  (9X8)  =  72 
of  water. 

It  is  formed  by  dissolviof  20  ounces  of 
carbonate  of  soda  in  10  wine  pints  of 
water,  and  adding,  gradually.  20  ounces 
of  cream  of  tartar,  filtering  tne  solution, 
evaporating  it  to  a  skin,  and  crystallizing. 
BOCK  SALT.    Common  salt  found  in 
masses  or  beds  in  the  new  red  sandstone, 
OS  in  Cheshire  and  elsewhere. 
KOCKET.    (See  rYRoxECHNY). 
ROD,  in  bricK-work,  is  a  superficies  of 
272  square  feet,  Ik  brick  thick,  and  con- 
taining about  4500  bricks,  and  from  90  to 
100  bushels  of  mortar.    The  cubic  rod 
is  272  X  1-125  or  806  feet.     It  is  4  or  6 
days'  work  for  the  man  and  laborer. 

ROLLING,  in  mechanics,  is  when  all 
the  parts  of  the  surface  of  one  body  come 
into  successive  contact  with  those  of  ano- 
ther, and  under  such  conditions  as  that, 
at  every  instant,  the  portion  of  the  two 
surfaces  w^hich  have  oeen  in  contact  are 
exactly  equal.  When  this  condition  is 
not  fulfilled,  the  one  surface  is  said  to 
slide  upon  the  other.  The  friction  of  bo- 
dies in  rolling  is  much  Ic^  thnn  in  that 
of  sliding;  and  hence  the  advantnge  of 
wheels  to  all  kinds  of  carriages.)  {See 
Fbiction.) 

RoLUNO.  In  Naval  Inngnagc.  the  la- 
teral oi*clllation  of  a  vessel.  This  mo- 
tion, whicli  is  often  very  great  when  the 
vessel  is  running  before  the  sea,  cndun- 
pers  the  masts,  Btrains  the  sides,  and 
looaenH  the  decks  at  the  waterways  ;  it  ia 
alfto  liable  to  cause  the  guns  to  break 
adrift.  Wlien  the  centre  of  gravity  is 
too  low,  the  oscillations  begin  and  end 
violently.  The  chancres  in  the  stowage 
necessary  to  modify  the  nature  or  extent 
of  the  roll  are  made  by  seamen  from  ex- 
perimental knowledge. 

ROLLING  PENDULUM.  A  cylinder 
caused  to  oscillate  in  small  spaces  on  a 
horizontal  plane.  Its  mathematical  ex- 
pressions arc  interesting,  but  it  has  been 
applied  to  no  important  practical  purpose. 


ROLLING  TACKLE.  A  tackle  or 
pnl!ey  hooked  to  th«  weather  quarter  of  a 
yard,  and  to  a  lashing  or  strap  round  the 
mast  near  the  slings  or  parral  of  t^e  yard ; 
the  object  of  it  is  to  keep  the  yard  con- 
stantly over  to  leeward, thereby  depriving 
it  of  play  and  fHction  when  the  ship  rolls 
to  windward. 

ROMAN  ALUM.  An  alum  extracted 
from  the  volcanic  rock  of  the  Solfaterra 
near  Naples  :  it  crystallises  in  opaone 
cubes,  and  appears  to  contain  more  alu- 
mina than  the  common  octohedral  alum. 

ROOF.  In  architecture,  the  upper- 
most part  of  a  building,  containing  the 
timber  work,  with  its  covering  of  slate, 
lead,  tile,  or  other  material.  Carpenters, 
however,  restrict  their  use  of  the  word  to 
the  timber  fhiming  alone. 

The  inclination  of  the  sides  of  a  roof 
will,  considering  the  species  of  covering 
to  be  the  same  m  all,  depend  very  much 
on  the  temperature  of  the  country  to 
which  it  is  to  be  adapted.  In  the  south- 
em  and  warm  countries  roofe  do  not  re- 
quire ma<^  elevation,  while  as  we  pro- 
ceed northward  they  require  a  far  greater 
pitch.  In  the  warm,  or,  rather,  hot  cli- 
mates, buildings  rec^uire  nothing  more 
than  a  terrace  for  their  covering ;  but  in 
the  temperate  climates,  wherein  the  lati- 
tude exceeds  42°,  experience  shows  that 
the  fiat  covering  of  a  building  cannot  bo 
practised  with  any  expectation  of  durar 
bility.  The  rains  of  hot  climates  are  vio- 
lent, while  those  of  temperate  climates  are 
searching.  In  the  more  northern  lati- 
tudes, the  moisture,  the  driving  nature 
of  the  rain,  and,  in  addition,  the  duration 
of  the  snow  on  the  roofs,  rec^uire,  it  is 
obvious,  a  more  consideraolo  inclination. 
Such  materials  as  lead,  copper,  rinc,  and 
the  like,  which,  supposing  them  one 
piece,  as,  in  fact,  when  used,  they  oii^ht 
to  be,  arc  not  fair  examples  from  which 
to  draw  inferences  in  the  theory  whereof 
wc  Pi>oak ;  for,  if  well  executed,  they 
must  either  of  them  bo  considered  as  one 
homogeneous  piece  :  but  in  the  case  of 
tiles,  whether  of  marble,  stone,  or  clay, 
the  case  is  far  different.  Without  enter- 
ing minutely  into  the  details  of  this  sub- 
ject, wc  will  merely  observe  tliat,  sup- 
posing the  inclination  of  a  roof  to  be  zero 
at  the  equator,  if  we  add  to  it  an  inclina- 
tion of  three  degrees  for  every  climate 
from  the  equator  to  the  polar  circle,  cneli 
climate  being  taken  at  2^  42'  30",  we  ob- 
tain results  which  show  that  the  roofs  and 
pediments  of  temi»les  of  antiouity  must 
nave  been  well  studied  in  that  useful 
point  of  view  which  regarded  their  dura- 
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bUit;  and  impenetimbilHT  by  i^d.  The 
tbeory  wouli]  ((Ive  ui  iodiDstiaa  to  roob 
ftt  Alhem  at  161°,  soJ  tliej  •re  very 
nearl;  so  inclined  ;  the  Umplo  of  Miner- 
va being  lt°,  and  chat  of  tlie  temple  at 
Eretheue  161°.  In  Rome,  »ocotdin)[  to 
this  theory,  tbe  iaclioition  of  aroof,  and, 
conKquenlJy,  pediment,  ebould  be  22°  : 
and  experience  flnds  it  varying  fh>in  23 
to  8*1=.  The  advocatea  lor  the  propriety 
of  atrictly  eopjing  Greek  forms  aud  de- 
Uiils  andcr  the  lulitnde  of  London  will, 
i  ( tlicy  have  atiidiod  tliB  aatlietiw  of  the  i 
art.  liiid  no  little  dittlDuIlf  in  e!Ub)i3hiiig  ( 
:.  ,i».f.:».^  _ft«-  —-igbinv  thia  mat-  i 


[hoc 


t,  the  rafter*  m 


Aet  of  tbe  nftera  by  a 

b«  kept  from  apreading  by  a 

called  a  fillar.    Beyond  certain  lengtha 

reader  tl'int  a  tie-bcun  wilt  iiaelf  have  a 


B  fre^h  - 


d  IVom 


ter  impartially.    But  out 

further  observution;  we  will  merely  aul 

Join  a  table  couformable  to  llie  tbeory : 


^?jtj 

PU.. 

:s?A 

i 

Culliigeoa 

870  86" 

IBO  iji 

pBlernln    . 

l! 

(-..bOT..) 

Ltebor.'  ." 

Miilrld  .    . 

SI      0 

N.j.lw      . 

W    M 

pIX'  .■.■ 

London  .    . 

«>    81  ■ 

31     S* 

w 

m   IS 

Pttpn-buwh 

59    M 

w  w 

A  roof  OS  respects  its  conftriictiH 
volvCK  some  kiiowlcdiie  of  inatheii 

or  the  gcncrul  priudiilea  on  wlii . 

proper  eoiiKlriiclion    di-jivQdH,  we  Bbull 


'     '.-'t 

more  properly, 

doea  not  perlo 

rather  of  u  tie, 

prevent  it«  bei.  . 

litlMTaftL-rsbcBo 

called  ttnlt,  ni. 

.,.,d;  which,  h»T- 

inglbeirfoolii,^ 

■,;  \hc  Bides  of  the 

king  po*l,  act  1- 

up  the  raflen 
The  piece  of  fra 

Ir  weukost  point, 
thofl  contrived  ia 

»».     K  iB  obviooo 

thai  by  meana  o 

the 

|iper  jolntB  of  the 

Btrata  we  obtain 

,.,.ii,:'ofMippcn. 

or  rather  Bn*[ , 

the  comprsMi 

would  be  no  1 

roof  mipht  be  ,. 

preanibility  take 

"pia 

■a    Bt   ihcuf   pninia 

where  the  fibres 

ofth 

wood  are  ofeved 

atri^htBnplB.,0 
rcction,  and  nil 
avoldinir  thiK  In 

nearlv  BO,  with  llieirdi- 

ny  w 

}B  are  adopted  for 
nience.    The  evri 

is  one  in  which  a  Bloty 

iB  obtained.     ItB 

iplea  are  the  Bame 

OS  lbo»e  already 

ioned.  and  do  not 

hore  Tcqwire  (krtber  notice.'  In  the  exe- 

cution   of  TOOfB 

lie  expenw  of  tniimms 

■"■p  ■ 


bnil. 


,. - -  lulion  of  thp  side* 

of  the  roofia  required  by  the  climate,  ia 
to  place  two  tfloping  roflers  iiiion  the 
waltx.  If  the  walls  be  not  of  BnlHdent 
weight,  the  thrust  that  will  tie  thus  ch- 
arted on  thcin  by  the  lendencv  of  Ih 
raften  


walls  with  a  far  greater  weight  than 
would  be  expedient;  it  is  therefore  the 
custom  to  pliiee  these  sHnnpu/  parta  of  a 
roof  at  rertain  inlcn-ali>,  which,  however, 
Bhiml.l  ni-vcr  exceed  ten  feet.  The  rsf- 
ti-rs  wiilcli  are  actually  IrnsKfd  are  called 
jirinfi/ial  rajlfrt ;  andhy  the  inli 


i  tlicii 


will  Ibrc 


the  wnllBoutufnnnpriirht.andliiewhr 
asscmliliUK  vltl  be  dcBtrovud.  Itv  *' 
InWB  of  niechaniva  It  is  known  that  < 

IB  proporliriniil  to  the  Irniclh  of  a  I 
drawn  at  riitlit  nnclea  to  llie  rafter,  iiil 
vertical  line  drawn  Iroin 


.  which  11 
It  roof  1». 


,     Tn  C..UI 


received  l^'  or  pitch  upon  a  plale  railed 
a  i-'A-jpfti/i! ;  and  Ihe  principal  raftcra, 
which  full  un  the  tic-heam,  are  nltimately 
borne  by  the  null-pliite. 

When  hcuniB,  In  eillier  mof^  or  floora, 
lire  so  loiiir  that  lliej'  ciinni'l  be  procured 

quired  Icuitili  are  mr/iit  to^tlier,  by 
iiidcntiiu;  Ihcin  nt  their  jointa  and  bolt- 

ll!.';,l,.-."n.'h"ri-'"l.i'oinod!''''""  "*  "^ 
linl'K-MAKI.Nt;,     T)n>  fibres  nfhcmo 
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length  three  feet  and  a  half,  at  an  average. 
They  must,  therefore,  he  twinod  together 
BO  as  to  nnite  them  into  one;  and  this 
union  \a  effected  by  the  mutual  circam- 
ton»ion  of  the  two  fibres.  If  the  oom- 
presAion  thereby  produced  be  too  great, 
the  strength  of  the  fibres  at  the  points 
where  they  join  will  be  diminished ;  so 
that  it  becomes  a  matter  of  great  conse- 
quence to  ^ive  them  only  such  a  degree 
of  twist  as  IS  essential  to  their  union. 

The  first  part  of  the  process  of  rope- 
mnking  bv  hand,  is  that  of  spinning  the 
yarns  cr  threads,  which  is  done  in  a  man- 
ner analogous  to  that  of  ordinary  spin- 
ning. The  spinner  carries  a  bundle  of 
dressed  hemp  round  his  waist ;  the  two 
ends  of  the  bundle  being  assembled  in 
front.  Ha vin|3f  drawn  out  a  proper  num- 
ber of  fibres  with  his  hand,  ho  twists  them 
with  his  fingers,  and  fixing  this  twister! 
part  to  the  book  of  a  whirl,  which  is  dri- 
ven b}'  a  wheel  put  in  motion  by  an  as- 
sistant, he  walks  backwards  down  the 
rope-walk,  the  twisted  part  always  serv- 
ing to  dniw  out  more  fibres  from  the  bun- 
dle round  his  waist,  as  in  the  flax-spin- 
ning wheel.  The  spinner  takes  care  that 
these  fibres  are  equably  supplied,  and 
that  they  always  enter  the  twisted  parts 
by  their  ends,  and  never  by  their  middle. 
As  soon  as  he  has  reached  the  termina- 
tion of  the  walk,  a  second  spinner  takes 
the  yarn  off  the  wliirl  and  gives  it  to 
another  person  to  put  upon  a  reel,  while 
he  himself  attaches  his  own  hemp  to  the 
whirl  hook,  and  proceeds  down  the  walk. 
Wlien  the  person  at  the  reel  begins  to 
turn,  the  first  spinner,  who  has  complet- 
ed his  yarn,  holds  it  firmly  at  the  end, 
and  advances  slowly  up  the  walk,  while 
the  reel  is  turninj^,'  keeping  it  equAJlv 
tiifht  all  the  way,  till  he  reaches  the  reel, 
where  he  waits  till  the  second  spinner 
tiikes  his  yam  off  the  wliirl  hook,  and 
joins  it  to  the  end  of  that  of  the  fint 
Hi>iimcr,  in  order  that  it  may  follow  it  on 
the  reel. 

The  next  part  of  the  process  previous 
to  tarriiiu',  is  that  of  warping  the  yarns, 
or  Ktrctcliins;  them  all  lo  one  lenjfth, 
which  is  alx>ut  I'OO  fathoms  in  full-length 
ropo-irr  Hiruls,  and  also  in  putting  a  slight 
turn  or  twir*t  into  them. 

Tlio  third  process  in  rope-making,  is 
the  tarriiiLT  of  the  yarn.  Sometimes  the 
viirns  are  made  to  wind  off  one  reel,  and, 
liaviiii,'  passed  throuarh  a  vesssel  of  hot 
tar,  arc  wound  upon  another,  the  super- 
fluous tar  beiutf  removed  by  causinjf  the 
yani  to  pass  throuLrh  a  liole  surroundod 
Willi  spongy  oakum  ;  but  the  ordinary 


method  is  to  tor  It  in  skeins  or  hanks, 
wliich  are  drawn  by  a  capstan  with  a  uni- 
form motion  through  the  tar-kettle.  In 
this  process,  great  care  must  be  taken 
that  tne  tar  is  boiling  neitht^r  too  fast  nor 
too  slow.  Yarn  for  cables  requires  more 
tar  than  for  hawser-laid  ropes ;  and  for 
standing  and  running  rigging,  it  requires 
to  he  merely  well  covered.  Tarred  cor- 
dage has  l)een  found  to  be  weaker  than 
what  is  untarred,  when  it  is  new;  but 
the  tarred  rope  is  not  so  easily  injured  by 
immersion  in  water. 

The  last  part  of  the  process  of  rope- 
making,  is  to  lay  the  cordage.  For  this 
purpose  two  or  more  yarns  are  attached 
at  one  end  to  a  hook.  The  hook  is  then 
turned  the  contrary  way  fh>m  the  twist 
of  the  individual  yam,  and  thus  forms 
what  is  called  a  strand.  Three  strands, 
sometimes  four,  besides  a  central  one,  are 
then  stretched  at  length,  and  attached  at 
one  end  to  three  contiguous  but  separate 
books,  but  at  the  otb^r  end  to  a  single 
hook ;  and  the  proces»  of  combining  them 
together,  which  is  effected  by  turning  the 
single  book  in  a  direction  contrary  to  that 
of  the  other  three,  consists  in  so  regulat- 
ing the  proffresa  of  the  twists  of  the 
strands  round  their  common  axis,  that  the 
three  strands  receive  separately  at  their 
opposite  ends  just  as  mucn  twist  as  is  tak- 
en out  of  them  by  their  twisting  the  con- 
trary way,  in  the  process  of  combination. 

Large  ropes  are  distinguished  into  two 
main  classes,  the  oable-utid  and  hawMT' 
laid.  The  former  arc  composed  of  nine 
stmnds,  namely,  three  great  strands,  each 
of  these  consisting  of  three  smaller  se- 
condary strands,  which  are  individually 
formed  with  an  equal  number  of  primi- 
tive yarns.  A  cable-laid  rope  eigut  in- 
chesin  circumference,  is  made  up  of  8dS 
yarns  or  threads,  equally  dividca  among 
the  nine  secondary  strands.  A  hawser- 
liid  rope  cou'^ists  of  only  three  stands, 
each  ooiiiposed  of  a  number  of  primitive 
yarns,  proportioned  to  the  size  of  the 
rope ;  for  example,  if  it  be  eiglit  inches 
in  circumferonco,  it  may  have  414  yams, 
equa'ly  divided  among  three  strands. 
Tiiirty  fathoms  of  yarn  are  reckoned 
couivalcnt  in  length  to  eighteen  fathoms 
or  rope  cable-laid,  and  to  twenty  fathoms 
huwser-laid.  Kopcs  of  from  orie  inch  to 
two  inches  and  a  half  in  circumference 
are  usually  hawser-laid  ;  of  from  three  to 
ten  inches,  are  eitlier  hawser  or  cable- 
laid  ;  but  when  more  than  ten  inches, 
they  are  always  eahle-laid. 

Dr.  Uro  gives   the    following  relative 
strength  of  cordajje,  shroud-hiid  :  — 
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Size. 
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■ 
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e. 
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12 

22 
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13 

3 

2 

8 

8 

17 

I 

2U 
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18 
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— 

10 
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3 
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11 

4 
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20 

11 

3 

9 

12 

8 

3 

6 
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27 
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26 

23 

8 

2 

8 

13          2    1      3    1 
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A  test  trial,  of  Manilla  and  Kyanized 
American    rope,    waa  had    at   Griffey's 
Foundry,  Cincinnati,  which  resulted  most 
favorably  to  the  American  manufacture. 
A  small  Manilla  rope,  of  the  best  quality 
of  Boston  make,  was  first  tried,  and  was 
broken,  after  sustaining  a  weight  of  1520 
pounds.    The  Kvanized  rope,   invented 
and  manufiicturea  by  J.  T.  Crook  &  Co., 
of  Maysvillc,  was  tfien  put  to  the  same 
test,   and   sustained  a  weight  of  2,820 
pounds  before  parting.    A  second  trial 
was  then  had  of  the  same  size  of  Manilla 
rope,  which  sustained  a  weight  of  2,200 
pounds.     A  second  trial  was  then  also 
nad  of  the  Kyanized  rope,  and  sustained 
a  pressure  of  2,410  pounds.    Two  trials 
were  then  had  with  a  larger  size  of  the 
Manilla  rope,   manufactured  by  Bonte, 
which  parted  first  at  2,840  pounds,  and 
on  the  second  trial  at  2,796  pounds.     One 
trial  was  then  made  with  the  Kyanized 
rope,  which  sustained  the  weight  of  3,2*20 
pounds  before  parting.     The  average  dif- 
ference in  favor  of  the  Kyanized  unrottod 
hemp  rope  being  in  the  fii^st  trials  5t)0 
pounds,  and  in  tlie  lm*t  trial  400  pounds. 
Tliis  shows  that  the  Manilla  rope,  which 
has  always  been  considered  tlie  best  that 
was  ever  uf«ed,  is  far  inferior  to  the  Ame- 
rican unrotted  hemp  rope.     The  Kyaniz- 
ed rojie  is  manufactured  from  the  unrot- 
ted hemp,  and  is  not  oulv  the  strongcsit 
rope  made,  but  by  tlie  olieniical  proco^s 
of  Kyanizing,  is  by  fur  the  most  duniblc. 
(S^€  IIki^p.) 

KOSE  ENGINE.  Tn  mfchanics  an 
appendage  to  the  turnintr  lathe,  by  whicli 
a  surface  of  wood  or  nu-tal,  as  a  watcli- 
case,  is  engraved  witli  a  variety  of  curved 
lines.  Theasseuiblairc  of  these  lines  pre- 
senting sonic  resenihhmoc  to  a  full-lilowii 
rose,  is  enlled  by  the  Freneh  ro.iff(t  ;  and 
henee  tiie  eULrine  by  whieh  tlio  ornjitneut 
is  pnuluced  is  called  a  rose-euLrine.  Tlie 
mcehanism  by  whieh  the  figures  arc  j»r<3- 


duced  is  Bometimcs  called  a  eamb,  and 
may  bo  described  as  follows :  *  A  wheel 
upon  the  axle  turns  uniformly  in  one  di- 
rection. A  rod  moves  iu  gmdes,  which 
only  permit  it  to  ascend  ana  descend  per- 
pendicularly. Its  extremity  rests  upon  a 
path  or  groove  raised  from  the  face  of  the 
wheel,  and  shaped  into  such  a  curve  that 
as  the  wheel  revolves  the  rod  shall  bo 
moved  alternately  in  opposite  directions, 
through  the  gmdes,  with  the  required 
velocity.  The  manner  in  which  the  ve- 
locity varies,  will  depend  on  the  form 
given  to  the  groove  or  channel  raised 
upon  the  face  of  the  wheel ;  and  this  may 
bo  shaped  so  as  to  give  any  variation  to 
the  motion  of  the  rod  which  may  be  re- 
quired for  the  purpose  to  which  it  is  to 
be  apphed. 

The  purpose  of  the  machine  is  therefore 
to  convert  a  uniform  rotatory  movement 
into  a  varied  rectilinejir  and  alternating 
movement.  It  is  also  used  in  machinery 
for  spinning,  and  for  lace- making. 

RUSIN,  or  COLOPHONY  is  tlie  masj* 
left  alter  distilling  oft*  the  volatile  oil  fh)m 
the  dificrent  species  of  turpentine.  Yel- 
low rosin  contains  some  water,  which 
black  rosin  docs  not.  (^Sf-e  Turpentink.) 
KOSIN  GAS.  Illummating  gas  made 
from  rosin  was,  until  lately,  manufactur- 
ed largely  in  New-York  ana  other  cities. 
It  furnislies  a  ver\'  pure  gas,  but  cannot 
be  made  as  cheaply  as  that  from  coal. 
The  ap])aratus  used  in  the  manufacture 
of  oil  i^as  is  adapted  for  that  of  rosin  gas, 
(-V^  Oil  Gas.)  Mr.  Daniel,  of  London, 
j'rejiared  an  apparatus  for  this  end  which 
lb  as  follows  : 

Tiie  melted  rosin  having  passed  by  the 
stoj.eoek,  funnel,  and  syphon,  into  the 
retort,  falls  on  the  coke,  and  in  its  pas- 
SiiL'e  throu!/h  the  ignited  mass,  becomes 
di'coTni'O^ed.  On  arriving  at  the  other 
end  of  the  retort,  a  large  portion  of  the 
oil  of  tuq^entine,  in  the  form  of  conden- 
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Bablo  vapor,  ifl  Boparated  by  the  refrigera- 
tor ;  this  is  supplied  with  water  from  a 
cistern  above,  and  the  non-condensable 
vapor  or  gas  passes  np  the  tube  and  dips 
beneath  the  surface  of  the  fluid  in  tnc 
main.  This  completes  the  condensation ; 
and  the  gas  proceeds  in  a  perfectly  pure 
state,  by  a  pipe,  to  the  gasometer,  or  ra- 
ther to  the  floating  reservoir,  for  use. 

The  essential  oil,  when  it  leaves  the  re- 
frigerator, is  conveyed,  by  the  sypi^on,  to 
a  cistern  beneath.  The  necessity  for  em- 
ploying a  siphon  will  be  apparent,  when 
It  is  borne  m  mind  that  the  tube  prevents 
the  escape  of  the  gas,  which  would  other- 
wise pass  away  from  the  box  with  the  es- 
sential oil.  Another  pipe  and  syphon 
serve  to  convey  the  condensed  essential 
oil  from  the  top  cistern. 

ROTARY  ENGINE.  An  apparatus  of 
this  kind  has  been  inventca  by  Capt. 
Hon.  W.  E.  Fitzmaurice,  and  a  Mr.  Hart- 
ford. It  is  described  as  *•  very  simple, 
merely  consisting  of  two  pieces  so 
mathematically  arranged  that  the  interior 
part  works  in  the  outer  with  the  greatest 
ease,  being  free  from  dead  points  and 
without  the  slightest  vibration,  however 
great  the  velocity.  It  has  no  springs  or 
packing^  and  the  parts  meet  each  other  so 
narmonionsly  as  only  to  give  a  humming 
noise  like  a  spinning  top,  and  it  is  not  in 
the  least  liable  to  get  out  of  order,  the 
wear  being  perfectlv  uniform  throughout. 
The  entire  motion  being  a  rolling  instead 
of  a  cutting  one,  the  engine  will  last  long 
without  repair,  as  tlie  surfaces  become 
case-hardened  in  a  very  short  space  of 
time.  The  trials  took  place  in  the  pre- 
sence of  several  Bcicntinc  gentlemen  and 
engineers  of  eminence  in  their  profes- 
sion, in  a  friiratc'«  pinnace,  the  engine 
being  conhtriicted  for  the  Govern- 
ment." 

It  also  states  that  it  propelled  a  boat  of 
80  tons  burden  at  the  rate  of  8  miles  per 
hour,  with  a  screw,  and  that  on  engine  of 
100  horse  power,  would  only  take  up  a 
space  of  4  by  2  feet.  We  venture  to  ^*ay 
that  the  Il<m.  Fitzmauriee's  rotary  en- 
gine will  soon  be  numbered  with  the 
thinars  that  were. 

KOTTEN  STONE.     (S^f  Trttolj.) 

Rouge.  The  only  cosmetic  whieli 
can  be  applied  without  injury  to  brikrhten 
a  lady's  comiilexion,  is  that  prepared  from 
saftiowcr  ((arthainu*  ihictorius).  The 
flowers,  atter  bi'ing  washed  with  pure 
water  till  it  Cf»me8  otfeolorlens,  are  dried, 

f)nlverized,  and  diirested  with  a  weak  so- 
ution  of  er\>tals  of  soda,  which  asHnn)e 
thereby  a  yellow  color.     Into  this  liquor 


a  quantity  of  finely  carded  white  cotton 
wool  is  plunged,  and  then  so  much  lemon 
juice  or  pure  vinegar  is  added  as  to  su- 
persaturute  the  soda.  The  coloring  mat- 
ter ie  disengaged,  and  falls  down  in  an 
impalpable  powder  upon  the  cotton  fila- 
ments. The  cotton,  after  being  washed 
in  cold  wat«r,  to  remove  some  yellow  co- 
loring particles,  is  to  be  treated  with  a 
fresh  solution  of  carbonate  of  soda,  which 
takes  np  the  red  coloring  matter  in  a 
state  of  purity.  Before  precipitating  this 
pigment  a  second  time  by  the  acid  of  le- 
mons, some  soft  powdered  talc  should  bo 
laid  in  the  bottom  of  the  vessel,  for  the 
purpose  of  absorbing  the  fine  rouge,  in 
proportion  as  it  is  separated  from  the 
carbonate  of  soda,  which  now  holds  it 
dissolved.  The  colored  mixture  must  be 
finally  triturated  with  a  tew  drops  of 
olive  oil,  in  order  to  make  it  smooth  and 
man-owy.  Upon  the  fineness  of  the  talc, 
and  the  proportion  of  the  safifiower  pre- 
cipitate which  it  contains,  depend  the 
beauty  and  value  of  the  cosmetic.  The 
rouge  of  the  above  second  precipitation 
is  received  sometimes  upon  nits  of  fine- 
twisted  woollen  stuff,  called  crqwns, 
which  ladies  nib  upon  their  cheeks. 

RUBY.    (.»«' Lapidary.) 

ROUGH-CART.  In  architecture,  the 
plastering  of  walls  with  mortar  and  fine 
gravel,  left  rough  without  any  smoothing. 

ROU(}H  STUCCO.  In  architecture, 
stucco  floated  ond  brushed  in  a  small  de- 
gree with  water. 

RULES,  BRASS.  Pieces  of  brass  of 
different  thicknesses  made  letter  high,  to 
print  with.  They  are  made  in  lengths  of 
tourtcen  inches,  but  of  late  years  lengths 
half  as  long  a^aiu  have  been  made.  One 
of  the  edges  is  bevelled  so  as  to  print  a 
flnc  line,  and  when  a  thicker  line  is  re- 
quired the  bottom  edge  is  placed  upper- 
most, which  is  the  full  thickness  of  the 
brass  ;  by  this  means  lines  of  different 
thicknesses  arc  obtained,  and  also  double 
lines,  a  thick  one  and  a  fine  one,  when 
rc(iuired.  They  are  used  for  column 
lines  in  table  work  ;  to  sej)aratc  matter 
that  requires  to  be  distinct;  and  to  be 
placed  round  pages. 

In  aiscs  where  diagrams  are  required, 
and  there  is  no  enuraver  within  reach, 
tliev  Tnay  be  formed  by  a  clever  workman 
with  bniss  rule.  Of  late  years  many  in- 
genious and  elaborate  imitations  of  archi- 
tectural dniwin^'s  of  buiKlintrs,  with  pil- 
lars, &c.  have  been  made  with  brass 
rule. 

RULE,  CARPENTER'.'^.  A  folding 
ruler,  generally  used  by  carpenters  and 
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other  artifloere,  having  a  variety  of  soalos 
adapted  to  fadlitate  the  calculations  of 
moet  frequent  occarrence  by  inspection. 
Sometimee  it  has  a  sliding  piece  in  one  of 
its  legs,  by  which  its  utte  is  greatly  ex- 
tended. 

RULE,  GAUGING,  is  a  mle  adapted 
in  the  same  manner  to  discover  the  con- 
tents of  caskp  and  other  vessels.  It  is 
used  by  the  officers  of  exci»o  in  snrveying 
the  articles  in  the  process  of  manufacture 
that  are  liable  to  anties. 

KUTl  LITE.     Native  oxide  of  titanium. 

RY  ACOLITE.  A  name  given  to  glassy 
feldspar. 

R\  £.  according  to  some,  is  a  native  of 
Crete ;  out  it  is  verj-  doubtful  if  it  be  found 
wild  in  any  country.  It  has  been  culti- 
vated from  time  immemorial,  and  is  con- 
sidered as  coming  nearer  in  it«  proper- 
ties to  wheat  than  any  other  grain.  It  is 
more  common  than  wheat  in  many  parts 
of  middle  Europe ;  being  a  more  certain 
crop,  and  requiring  less  culture  and  ma- 
nure. It  iii  the  bread  com  of  Germany 
and  Russia.  In  Britain  it  is  now  very 
little  (rrown,  being  no  longer  a  bread  corn  ; 
and  therefore  of  less  value  to  the  farmer 
than  barley,  oats,  or  pens. 

SACCHAROMETER  is  the  name  of  a 
hydrometer,  adapted  by  it«»  scale  to  point 
out  the  proportion  of  sugar,  or  the  sac- 
charine matter  of  malt,  contained  in  a 
solution  of  anv  specific  prravity.  Brew- 
ers nnd  distillers  sometimes  denote 
by  the  term  gravity,  the  excess  of 
weight  or  1,000  pnrts  of  a  liquid  by  vol- 
ume obove  the  weight  of  a  hke  volume 
of  distilled  water  ;  »o  that  if  the  specific 
gravity  be  1,045,  1,070  l,OI»o,  <fcc.,  the 
gravity  is  said  to  be  4.'),  70,  or  UO  ;  nt  otli- 
ers,  they  denote  the  wcisrht  of  saccharine 
matter  in  a  barrel  (36  jrallous)  of  worts; 
and  a^ain,  they  denote  the  excess  in 
weight  of  a  barrel  of  worts  over  n  bar- 
rel of  water,  equal  to  36  gallons,  or  360 
pounds.  This  and  the  first  statement 
are  identicul,  only  1,000  is  the  standard 
in  the  first  cane,  and  360  in  the  second. 

The  saccharometer  now  used  in  Enj?- 
land  by  the  trade,  is  that  constructed  by 
Mr.  R.  B.  Bate,  well  known  for  tlie  accu- 
racy of  his  philosopliical  and  niatlicniati- 
cal  instruments.  Tlie  tables  published 
by  him  for  ascertaining  the  values  of 
wort  or  wash,  and  low  wines,  arc  prece- 
ded by  explicit  directions  for  tlicir  use. 
"  The  instrument  is  coin])oseil  of  })ras>^  ; 
the  ball  or  float  hcinir  a  circular  s])iii(llc, 
in  tliu  opposite  einls  of  which  arc  tixcil  a 
stem  au'l  a  loop.  The  stem  Ihmts  a  !*calc 
of  divisions  numbered  downward  from 


the  first  to  80 ;  these  diviaiona,  which 
are  laid  down  in  an  original  manner,  ob- 
serve a  diminishing  proffression  accord- 
ing to  true  prindples  ;  therefore  each  di- 
vision correctly  indicates  the  one  thoa- 
sandth  part  or  the  specific  gravity  of 
water  J  and,  further,  ny  the  alteration 
made  m  the  bulk  of  the  sacchrometer  at 
every  change  of  poise,  each  of  the  same 
divisions  continues  to  indicate  correctly 
the  said  one  thousandth  part  througli- 
out." 

Dr.  Ure  prefers  to  take  specific  gravi- 
ties of  all  ii(^uids  whatever  with  a  fg\ttw 
globe  containing  500  or  1,00  grains  of  dis- 
tilled water  at  60°  Fahr.,  when  it  is 
closed  with  a  capillary-bored  glass  stop- 
per ;  and  with  tne  gravity  so  taken,  to 
look  into  a  table  constructed  to  show  the 
quantity  percent,  of  sugar,  malt,  extract^ 
or  of  any  other  solid,  proportional  to  the 
density  of  the  solution.  By  bringing  the 
liquid  in  the  gravity-bottle  to  the  stand- 
ard temperature,  no  correction  on  this 
account  is  needed. 

SACCHARIC  ACID.  An  nncrystalli- 
zable  acid  product,  fonned  along  with 
oxalic  acid  during  the  action  of  nitric  acid 
on  suf^ar. 

SA'CCHAROID.  A  texture  resembling 
that  of  loaf  sugar ;  as  saccharoid  carbon- 
ate of  lime.  &c. 

SACCHOLACTIC  ACID,  An  acid 
obtained  by  digesting  sufrar  of  milk  in 
nitric  acid.  It  is  identical  with  that  ob- 
tained from  gum,  nnd  termed  mucous  acid. 

SAFETY  LAMP.  A  lamp  invented 
by  Sir  H.  Davy,  which  is  so  constructed 
as  to  bum  without  any  danger  in  an  ex- 
plosive atmosphere.  Flame  may  be  con- 
sidered as  vapor  or  aeriform  matter  in  a 
state  of  intense  ignition  ;  the  tem^iera- 
turc,  therefore,  of  fiame  is  always  very 
hij^h.  It  is,  however,  independent  of  its 
luminosity  ;  for  some  of  the  dimmest 
flames,  those  of  pure  hydrogen  sras,  and 
of  alcohol,  for  instance,  are  lho:*o  which 
are  hottest ;  and  that  this  is  so  may  be 
shown  bv  projecting  into  tlicm  finely- 
powdered  substances,  such  as  magnesia 
or  lamp-black,  or  bv  holding  in  them 
fine  platinum  wire,  when  the  intensity  of 
their  tem]K*rature  is  rendered  evident  by 
those  substances  becominjf  white  hot. 
And  whenever  flames  emit  mucli  liirht 
they  derive  that  property  from  the  pres- 
ence of  finely  divided  matter  ditlused 
tl»rou«rl»  tlicin  :  thus,  the  intense  bril- 
liancy of  the  flame  of  phosphorus  ap- 
j.cars  to  (Icpeiul  upon  the  particles  of  in- 
combustible ]>lio^plioric  acid  dittnsed 
tliruu;^'h  it  ;  and  th^  bright  light  emitted 
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by  a  ^08  flame  depends  npon  finely- divi- 
ded charcoal,  which  i»  ignited  by  the  gas 
and  at  the  aame  time  bamed.  The  oor- 
rectness  of  thia  theory  (^  fiame  ia  shown 
by  the  circumstance  of  its  bein^  extin- 

![nished  by  cooling  ;  and  this  is  nest  ef- 
ectod  b^caosing  it  to  pass  through  a  piece 
of  fine  wire  gauze,  which,  when  held  nori- 
isontally  in  the  midst  of  the  flame,  extin- 
guishes its  upper  part :  the  inflammable 
vapor  or  gas,  and  the  soot  or  carbon,  pass 
through,  out  in  passing  are  so  far  cooled 
as  to  1)0  extinguished  ;  they  may,  how. 
ever,  be  rekindled  by  applying  a  flame 
above  the  wire  gauze.  That  the  wire 
gauze  merely  acts  by  its  cooling  power, 
is  shown  by  the  flume  passing  through  it 
when  it  acquires  a  white  heat,  or  when  its 
mcAhes  are  not  fine  enough  to  oxert  a  due 
cooling  power*  it  is  also  found  that  very 
hot  flame?,  sucti  as  that  of  hydrogen,  will 
pass  through  tissues  which  are  imper- 
vious to  flames  of  a  lower  temperature, 
such  OS  that  of  a  common  candle  or  a  gas 
flame.    The  application  of  these  pririci- 

£les  to  the  construction  of  the  safety 
imp  is  as  follows :  The  flame  of  a 
smiul  oil  lamp  is  surrounded  by  a  cylin- 
der of  wire  gauze,  doubled  where  ifkely 
to  become  hottest,  ond  protected  by  the 
stout  wire  frame,  and  Durns  withm  it, 
the  air  having  free  ingress  and  egress. 
When  it  is  immersed  in  an  explosive  at- 
mosphere, such  as  that  of  aooal  mine  in- 
fested by  flrc-damp,  the  inflammable 
fifiu  enters  without  and  burns  in  the  cage ; 
but,  in  consequence  of  the  cooling  power 
of  the  wire  gauze,  no  flame  can  poss 
outwards  so  as  to  ignite  the  surround- 
ing atmosphere  :  the  miner,  therefore,  is 
warned  oi  his  danger  by  the  appearance 
of  his  lamp.  As  lonj?  as  the  external  at- 
mosphere IS  safe,  the  lamp  burns  as  usu- 
al ;  out  upon  the  approach  of  the  tire- 
damp  the  flame  is  more  or  lefts*  enlurjfcd  ; 
and  in  the  most  explosive  condition  of 
the  surrounding  air  tiio  cylinder  apj)ettrs 
fllU'd  with  a  blue  lambent  flame,  which 
flii'kerr*,  within  it,  the  wick  of  the  lamp 
api>earincr  for  the  time  extinguished.  It 
i.H,  however,  rekindled  as  the  air  becomes 
more  pure  ;  or  should  the  firc-<lamp 
greatly  predotninatc,  it  may  be  entirely 
extiriiruished.  Before  this  happens,  how- 
ever, the  tinner  is  duly  apprised  of  his 
dariLTcr,  and  has  time  to  retreat.  (See 
Lamp  op  I>avy.) 

SAFF:TY  valve.  {Se«  Steam  Em- 
oiNK  and  Valvk.) 

SAFFLOWKK,  or  CARxnAMrs.— Wo- 
toiy  menstrua  take  up  only  the  yellow, 
nii'l  U'MVj-  I  he  red  color  to  1)0   afterwards 


be  extracted  by  alcohol,  or  b}  a  weak  so- 
lution of  alkali.  This,  after  the  yellow 
mutter  has  been  extracted  by  water, 
gives  a  tincture  to  ley,  from  which,  on 
standing  at  rest  for  some  time,  a  deep 
red  fecula  subsides,  called  eartkanwu. 
This  pigment  impregnates  alcohol  with  a 
beaatiful  red  tinctnre,  but  communicates 
DO  coIm*  to  water.    {Ste  Rougk.) 

Carthamus  is  used  for  dyeing  aUk  of  a 
poppy,  cherry,  rosa,  or  bright  orange- 
rea.  After  the  yellow  matter  is  extnioted. 
the  cakes  are  put  into  a  deal  trough,  ana 
sprinkled  at  diiferent  times  with  soda, 
well  powdered  and  sifted,  in  the  propor- 
tion of  six  pounds  to  a  hundred,  mixing 
the  alkali  with  carbonic  acid.  The  car- 
thamus is  then  put  on  a  cloth,  in  a  trough 
with  a  grated  bottom,  placea  on  a  larger 
trough,  and  cold  water  poured  on.  And 
this  IS  repeated,  with  the  addition  of  lit- 
tle more  alkali,  till  the  red  is  exhausted. 
Lemon-juice  is  then  poured  into  the 
bath,  till  it  is  turned  of^a  fine  cherry  col- 
or, and,  after  it  is  well  stirred,  the  silk  is 
immersed  in  it.  The  silk  is  wrung, 
drained,  and  passed  through  fVcsh  baths, 
washing  and  drying  after  every  opera- 
tion :  when  it  is  brightened  in  hot  water 
and  lemon-juice.  For  a  poppy  or  fire 
color,  a  slight  annotto  grounu  is  flrst 
given  ;  but  the  silk  should  not  be  al- 
umed.  For  a  pale  carnation,  a  little  soap 
should  be  put  into  the  buth. 

SAFFRON.  The  prenared  stigmata 
of  the  CnKus  saticus.  llie  stigmata  of 
this  purple  crocus  are  of  a  deep  orange 
color,  and  when  in  quantity  have  a  (>ecu- 
liar  and  very  chiu*acteri8tic  odor;  they  are 
used  im  niedicine,  chiefly  as  a  rich  yellow 
or  omuj^e  coloring  matter.  Saffron  ia 
now  chiefly  imported  from  the  south 
of  Europe,  especially  Spain.  Siiffron  is 
often  largely  adulterated  with  the  petals 
of  other  pUuits,  especially  with  those  of 
the  marigold. 

It  contains  a  yellow  matter  called  iw/^- 
chroiU^  bwtiusc  a  small  quantity  ot  it  is 
capable  of  coloring  a  srrcat  Inwly  of  water. 
This  is  obtained  by  evaporating  the  wa- 
tery infusion  of  saffron  to  the  c<^)nsint- 
enee  of  an  extract,  digesting  the  extract 
with  alcohol,  and  concentrating  the  aleo- 
holic  solution.  The  polychroitc  remains 
in  the  form  of  a  brilliant  nuiss,  of  a  red- 
dish-yellow color,  tninsnarent,  and  of  the 
cotisistenco  of  honey.  It  has  the  agreea- 
ble smell,  with  the  hitter  punirent  taste, 
ot"  KilVron.  It  is  very  Ht)luhle  in  water  j 
an<l  it'  it  l>e  stove-ilriejl,  it  dcli(iue'*ccs 
f*i»eeilily  in  the  air.  Aceordiiitf  to  M. 
Henry />t7Y,  jxjiyohroite  eonsi»ts  of  eighty 
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parts  of  colorinflf  matter,  combined  with 
20  parts  of  a  volatilo  oil,  which  cannot  be 
separated  bv  distillation  till  the  coloring 
matter  has  been  combined  with  an  alka- 
li.   By  mixing  one  part  of  shred  satfron 
with  eight  part^  of  saturated  brine,  and 
one  half  of  caustic  ley,  and  distilling  the 
mixture,  the  oil  comes  over  into  the  re- 
ceiver, and  leaves  the  coloring  mutter  in 
the  retort,   which  may   be  precipitated 
fy^om  the  alkaline  solution   by  an  acid. 
The  pure  coloring  matter,  when  dried,  is 
of  a  scarlet  hue,  and  then  readily  dis- 
solved in  alcohol,  as  also  in  the  fat  and 
volatile    oils,    but    sparingly    in   water. 
Light  blanches  the  reddish-fellow  of  saf- 
fron, even  when  it  is  contamcd  in  a  full 
vial    well    corked.      Polychroite,    when 
combined  with  fut  oil,  and  subjected  to 
dry  distillation,  atfords  ammonia,  which 
shows  that  azote  is  one  of  its  constitu- 
ents.   Sulphuric  acid  colors  the  solution 
of  polychroite  indigo  blue,  with  a  lilach 
cast ;  nitric  acid  turns  it  irreen  of  vari- 
ous shades,  according  to  the  state  of  di- 
lution.    Protocliloridc   ^muriate)  of  tin 
produces  a  reddish  precipitate. 

Saffron  is  employed  as  a  Hcasoning  in 
French  cookery.  It  is  also  used  to  tinge 
confectionary  articles,  liqueurs,  and  var- 
nishes ;  but  rarely  as  a  pigment. 

SAGO,  is  prepared  from  the  pith  of  the 
Cycas  Circinalis,  and  its  granulated  form 
arises  from  its  being  pxssed,  wliilo  moist, 
throusrh  a  sieve. 

SAL  ammoniac.  Muriate  of  am- 
monia ;  hydrochlorate  of  amnionia.  A 
compound  of  17  of  atninoniu  aiul  -M  liy- 
drociiloric  i\v\d.  Its  name  is  tlerived  ! 
from  the  Temple  of  Atmn<»n,  in  Kixypt,  i 
where  it  was  oriixinallv  made  \>y  buriiiuir 
caim>I.-i'  <luiig.     (>V>?  Ammonia.) 

Sal  ammoniac  exists  ready  formed  in 
several  aniniul  products.  Tlie  <luni;  and 
urine  of  camels  contain  a  sufficient  quan- 
tity to  have  rendered  its  extraction  from 
them  a  profitable  Egyptian  art  in  fornu-r 
times,  in  order  to  supply  Euroj)e  with 
the  article.  In  that  part  of  Africa,  fuel 
being  very  scarce,  recourse  is  had  to  the 
dun;^  of  these  animals,  which  is  dried 
for  that  purpose,  by  plastering  it  upon 
the  walls.  When  tliis  is  atterwards 
burned  in  a  peculiar  kind  of  a  furnace,  it  ; 
exhales  a  thick  smoke,  replete  ^vitll  sal 
aumioniae  in  vai»or  ;  the  soot  of  course 
contains  a  portion  of  that  salt,  condmsed 
aloiiLT  with  other  pnxlucts  of  coinhn^tion. 
In  every  part  of  Eirypt,  l)Ut  e>j)ccial!y  in 
the  Delta,  peasants  arc  seen  driving: 
as^cs  loaded  with  IkiiTS  of  that  soot,  on 
their  wav  to  the  sal  aiumoniac  W(U-ks. 


There  it  is  extracted  in  the  following 
manner.    Glass  globes  coated  with  loam 
are  filled  with  the  soot  pressed  down  by 
wooden  rammers,  a  space  of  only  two  or 
three  inches  being  left  vacant,  near  their 
months.    These  globes  are  set  in  round 
orifioes  formed  m  the  rid^o  of  a  long 
vault,   or  large  horizontal  furnace  flue. 
Heat  is  gradually  applied  by  a  fire  of  dry- 
camels'   duntr,  and  it  is  eventually  in- 
crea3od  till  the  globes  become  obscurely 
red.    As  the  muriate  of  ammonia  Ls  vol- 
atile at  a  temperature  much  below  igni- 
tion, it  rises  out  of  the  soot  in  vapor,  and 
gets  condensed  into  a  cake  upon  the  in- 
ner surface  of  the  top  of  the  globe.    A 
considerable  portion,   however,   escapes 
into  the  air ;  and  another  portion  con- 
cretes  in    the   mouth,  which  must    be 
cleared  from  time  to  time  by  an  iron  rod. 
Towards  the  end,  the  obstniction  be- 
comes very  troublesome,   and  must  be 
most  carefully  attended  to  and  obviated, 
otherwise  the  globes  would  explode  by 
the  uneondensed  vapors.    In  all  cases, 
when  the  subliming  process  approaches 
to  a  conclusion,  the  globes  crack  or  split ; 
and  when  they  come  to  be  removed,  after 
the  heat  ha.s  subsided,  they  usually  fall 
to  pieces.      The  upper  portion  ot  the 
mass  is  separated  because  to  it  the  white 
salt    adheres  ;    and    on    detaching    the 
pieces  of  glass  with  a  hatchet,  it  is  ready 
lor  the  market.     At  the  bottom  of  each 
bjdloon  a  nucleus  of  salt   remains,    sur- 
rounded with  fixed  pulverulent  matter. 
This  is  reserved,  and  after  being  bruised, 
is  put  in  along  with  the  charge  of  soot 
in  a  fresh  operation. 

The  sal  ammoniac  obtained  by  this 
process  is  dull,  spongy,  and  of  a  gravish 
liue  :  but  nothing  better  was  for  a  long 
period  known  in  commerce.  The  most 
ordinary  process  for  converting  the  am- 
moniacal  liquor  of  the  gas-works  into  sid 
ainnioniac,  is  to  saturate  it  with  sulphuric 
acid,  and  to  decompose  the  sulphate, 
thus  fr)rmed,  by  the  processes  above  de- 
scribed. But  muriatic  acid  will  be  pro- 
ferred,  wliere  it  is  as  cheap  as  sulphuric 
of  eipiivalent  saturating  power  ;  bec;inso 
a  tolerably  pure  sal  ammoniac  is  iherebv 
directly  obtained.  As  the  coal-gas  li- 
quor contains  a  good  deal  of  sulpiiureted 
hydroLTcn,  the  saturation  of  it  with  ncid 
should  be  so  conducted  as  to  burn  the 
disci iLMired  noxious  gases  in  a  chimney. 
Fonncrlv  human  urine  was  verv  exlcn- 
si^elv  cin|'lo\e(l,  both  in  this  country 
and  in  Frain'C,  in  the  manufacture  of  siJ 
aiiimoniac  :  but  since  the  gcnenil  estab- 
lishment of  gas-works,  it  has  been  every 
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where  abandoned.    The  process  was  ex- 
ceedingly offensive. 

The  be9t  white  sal  ammoniac  is  in  sphe- 
roidal cakes  of  about  one  foot  diameter, 
three  or  four  inches  thick  in  the  middle, 
somewhat  thinner  at  the  edges,  and  is 
semi-transparent  or  trnnslncent.  Each 
lamp  weighs  about  one  quarter  of  a  ewt. 
As  it  is  easily  volatilized  by  heat,  it  may 
be  readily  examined  as  to  its  sophistica- 
tion witli  other  salts.  Sal  ammoniac  has 
a  certain  tenacity,  and  is  flexible  under 
the  hammer  or  pestle.  It  is  principally 
used  in  tinning  ot  cast-iron;  wrouglit- 
iron,  copper,  brass,  and  for  making  the 
various  ammoniacal  preparations  of  phar- 
macy. 

In  a  chemical  factory  near  Glasgow, 
7200  gallons  of  ammoniacal  liquor,  ob- 
tained weekly  from  the  gas-workrt,  arc 
treated  as  follows  : — ^The  liquor  is  first 
rectified  by  distillation  fironi  a  wagon- 
shaped  wrought-iron  boiler,  into  a  square 
cirttcni  of  iron  lined  with  lead.  4500  lbs. 
of  sulphuric  acid,  of  specific  gravity 
1*825,  are  then  slowly  added  to  the 
somewhat  concentrated  distilled  water  of 
ammonia.  The  produce  is  2-100  gallons 
of  sulphate  of  ammonia,  slitrhtlv  acidu- 
lous, of  specific  gravity  I'loO,  being  of 
such  strength  as  to  deposit  few  crj'stals 
upon  the  sides  of  the  lead-lined  iron 
tank  in  which  the  saline  combination  is 
made.  It  is  decomposed  by  coininon 
salt. 

From  the  7200  gallons  of  the  first  crude 
liquor,  900  gallons  of  tor  are  got  by  sub- 
siacncc,  and  200  gallons  of  petroleum  are 
skimmed  off  the  surface.  The  tar  is  con- 
verted, by  a  moderate  boiling  iu  iron 
pans,  into  good  pitch. 

SALEP,  orSALOUP,  is  the  name  of 
the  dried  tuberous  roots  of  the  Orchis, 
imported  from  l*ersia  and  Asia  Minor, 
which  arc  the  product  of  a  (jreat  many 
pjM'ciei^  of  the  plant,  but  eapcciall^v  of  the 
Orchid  tryiJtcu'^i.  Sjilep  occurs  in  com- 
nien-e  in  small  oval  grains,  of  a  whitish- 
vi'llow  color,  at  times  semi-transparent, 
of  a  horny  aspect,  very  hard,  with  a  faint 
peculiar  smell,  ajid  a  tosto  like  that  of 
gum  tragacatith,  but  slightly  saline. 
These  arc  composed  almost  entirely  of 
starciiy  matter,  well  adapted  for  making  a 
thiek  pap  witli  water  or  milk,  and  are 
lu-nce  in  great  repute  in  the  Levant,  as 
re-*torers  of  the  anim.U  forces.  Their 
aphr<tdi'>iac;il  properties  are  apocryphal. 
If  tin-  larirest  r<iots  of  the  Orrfu.i  immrula 
of  our  own  country  were  ele:ine<l,  scrap- 
ed, steeped  ft)r  a  short  lime  in  hot,  and 
then  for  u  few  minutes  in  boiling  water, 


to  extract  their  rank  flavor,  afterward, 

suspended  upon  strings  to  dry  in  the  air 
they  would  afford  as  nourishing  and  pal- 
atable an  article  as  the  Turkey  saloup, 
and  at  a  vastlv  lower  price. 

SALICIN^  is  a  febrifuge  substance, 
which  may  be  obtained  in  white  pearly 
cr^'stals  from  the  bark  of  the  white  wil- 
low {Salix  alha\  of  the  aspen  tree  (Salix 
helu)y  as  also  of  some  other  willows,  and 
some  poplars.    It  has  a  very  bitter  taste. 

SAL  PKUNELLA,  is  fused  nitre  cast 
into  cakes  or  balls. 

SAL  VOLATILE,  ia  aesqaicarbonate 
of  ammonia. 

SALT,  EPSOM,  is  sulphate  of  magne- 
sia. 

SALT,  MICROCOSMIC,  is  the  triple 
phosphate  of  soda  and  ammonia. 

SALT  OF  AMBEK,  is  succinic  acid. 

SALT  OF  LEMONS,  is  citric  acid. 

SALT  OF  SATURN  is  acetate  of  lead. 

SALT  OF  SODA,  is  carbonate  of 
soda. 

SALT  OF  SORREL,  is  bi-oxalate  of 
potassa, 

SALT  OF  TARTAR,  is  carbonate  of 
potiij^sa. 

SALT  OF  VITRIOL,  is  sulphate  of 
zinc. 

SALT  PERL  ATE,  Ls  phosphate  of 
soda. 

SALTPETRE,  is  nitre,  or  nitrate  of 
potassa 

SALT,  SEDATIVE,  is  boracio  acid. 

SALT.  This  term,  though  in  ordinar}' 
language  limited  to  common  salt,  or  sea 
salt,  is  applied  in  chemistry  to  all  combi- 
nations ot  acids  with  alkaline  or  salifiable 
bases.  The  term  has  also  been  extended 
to  certain  binary  c<^mbination8  of  chlo- 
rine, io<line,  bromine,  and  fluorine  with 
tlie  metals  ;  and  these  have  been  called 
haiiid  saU*i  (from  eUf,  9€a  suUy  and  qiBos, 
form),  inasmuch  as  modern  chemistry 
has  taught  us  that  sea  salt  belongs  to  this 
class.  Certain  definite  combinations  of 
sulphurets  with  eiich  other  have  of  late 
V)een  willed  sulphur  mltJt ;  but  the  former 
appellation  of  double  aulphurtU  is,  per- 
haps, more  properly  applicable  to  such 
compounds. 

Sea  salt  is  a  compound  of  1  equivalent 
of  sodium  =  24,  and  1  of  chlorine  =  36; 
its  equivalent,  therefore,  is  (24-|-oG/=  60: 
and  it  is  a  chloride  of  soda. 

The  nomenclature  of  salts  has  reference 

to  the  acids  which  they  contain  ;  Hnlphates^ 

nitrttUit.  carhoriafrs;  itc,  implyini:  salts  of 

the  sulj)hiinc,  nitrii'.  and  carhonie  aei<l8. 

j  The  termination*//*  iinpliestlic  maximum 

I  of  oxygen  in  the  acids,  and  Uc  the  mini- 
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mum  :  thus  the  saltA  of  snlphurons  and 
nitrous  acids  are  called  s^ulpkUss  and 
nitrites.  When  salts  contain  1  equivalent 
of  acid  and  1  of  base,  they  are  called 
neutr€U  gaits  ;  where  1  equivalent  of  acid 
is  combined  with  2  of  base,  they  are 
termed  basic  salts,  subsalts  or  disalts  ;  and 
where  there  are  2  equivalents  of  acid  and 
1  of  base,  the  salt  is  a  supersaU  or  bisaU. 
Thus,  the  terms  subaoetaie  and  diacetaU 
of  lead  arc  synonymous  ;  so  are  supercar- 
bonate  and  blcarUmate  of  potash.  Many 
salts  arc  hydrous  ;  that  is,  they  contain  a 
definite  proportion  of  water  of  crystiilli- 
zution ;  others  are  dcrttitute  of  water, 
and  are  dry  or  anhydrous  salts.  Some 
salts  attract  moisture  when  exposed  to 
air,  and  are  said  to  be  deliquese  ;  others 
sutler  their  water  to  escape  and  become 
opaque,  or  pulverulent:  these  are  called 
sffl^/rescent  salts. 

Suit  is,  next  to  bread,  the  most  impor- 
tant necessary  of  life.  It  is  one  of  the 
most  important  British  nilncruls,  and  is 
^rocurea  in  iprreat  qunntities,  both  from 
fossil  beds  and  brine  springs,  in  Cheshire 
and  Worcestershire.  Previously  to  the 
discovery  of  the  fossil  beds  during  the 
16th  century,  and  subseouently,  a  good 
deal  of  salt  continued  to  be  made  by  the 
evaporation  of  sea  water  in  salt  pans,  at 
Lymington  and  many  other  places ;  but 
the  works  at  these  pfaocs  are  now  all  but 
abandoned ;  while  not  only  has  the  quali- 
ty of  the  article  in  question  becojne  great- 
ly improved,  but,  instead  of  being  i in- 
ported  as  formerly,  it  is  now  largely 
exported.  The  consumption  of  Great 
Britain  only,  exclusive  of  Ireland,  a- 
mounts  to  about  180,000  tons;  and  the 
foreign  exports  to  about  300,oo0  totis  per 
year,  of  which  the  United  States,  Canada, 
the  Low  Countries.  Kussia,  Prussia,  anci 
Denmark  are  the  chief  consumers. 

The  geological  position  of  ro<ik-salt  is 
between  the  coal  fonnation  and  the  lias. 
The  great  rock-suit  formation  of  England 
occurs  within  the  ?'ed  tnarl^  or  new  red 
sandstone,  the  huntfr-sandateln  of  tJie 
Germans,  so  called,  because  its  colors  vary 
from  red  to  sahnou  and  chocolate.  This 
mineral  stratum  freciucnlly  presents 
streaks  of  light  blue,  verdigris,  butf,  or 
cream  color;  and  is  chietly  remarkable 
for  containing  considerable  nuisses  or 
beds  of  gypsum.  At  North wich,  in  the 
vale  of  Weaver,  the  rock  salt  consists  of 
two  beds,  together  n<»t  less  than  Oo  feet 
thick,  whicii  are  supposed  to  constitute 
large  insulated  masses,  about  a  mile  and 
a  half  long,  and  nearly  1:^00  yards  broad. 
There  are  other  deposits  of  rock  salt  in 


the  Bame  valley,  but  of  inferior  import 
tancc.  The  uppermost  bed  occurs  at  75 
feet  beneath  the  surface,  and  is  covered 
with  many  layen  of  iudunited  red,  Uue, 
and  brown  day,  interatratifled  more  or 
less  with  sulphate  of  lime,  and  inter- 
spersed with  arffillaoeons  marl.  The 
second  bed  of  rock-salt  lies  81  i  feet  be- 
low the  first,  being  separated  from  it  by 
layers  of  inourated  clay,  with  veins  of 
rock-salt  running  through  them.  The 
lowest  bod  of  salt  was  excavated  to  a 
depth  of  110  feet,  several  years  ago. 

The  beds  or  masses  of  rock-salt' are  oc- 
casionally BO  thick,  that  they  have  not 
been  yet  bored  through,  though  mined 
for  many  centuries.  Tnis  is  the  cas« 
with  the  immense  mass  of  Wieliczka, 
and  the  lower  bed  at  Northwich.  Bat  in 
ordinary  cases,  this  thickness  varies  from 
an  inch  or  two  to  12  or  15  yards.  When 
the  strata  are  thin,  they  are  usuallj 
numerous;  but  the  be^s,  layers,  or 
masses  never  exhibit  throughout  a  great 
extent  any  more  than  an  illusory  appear- 
ance of  parallelism ;  for  when  they  are 
explored  at  sevenil  points,  enlargements 
are  observed,  and  such  diminutions  as 
cause  the  salt  to  disappear  sometimes 
altogether.  This  mineral  is  not  deposit- 
ed, therefore,  in  a  geological  stratum,  bat 
rather  in  lenticular  masses,  of  venr  varia- 
ble extent  and  thickness,  plocea  along- 
side of  each  other  at  unequal  distances, 
and  interposed  between  the  courses  of 
other  formations. 

Sometimes  the  rock  salt  is  disseminat- 
ed in  small  masses  or  little  veins  among 
the  calcareous  and  argillaceous  mari^ 
which  accompany  or  overlie  the  greater 
deposits.  Bitumen,  in  small  particles, 
hardly  visible,  but  distinguishable  by  the 
smell,  occurs  in  oil  the  minerals  of  the 
salifcrous  system. 

It  has  been  remarked,  that  the  plants 
which  grow  generally  on  the  sea  shores, 
such  as  the  TriijlfK'hinum  mariiimum, 
the  Silicornia,  the  SaUola  kali,  the  Aster 
tri/olium,  or  farewell  to  summer,  the 
GUiux  maritima^  &c.,  occur  also  in  the 
nciirhborhood  of  sjdt  mines  and  salt 
springs,  even  of  those  which  are  most 
deeply  buried  beneath  the  surface. 

Tlie  interior  of  rock-siUt  mines,  after 
ditri,'ing  through  the  strata  of  cUiv  marl, 
<i'c.  is  extremely  dry  ;  so  that  tfie  dust 
produced  in  the  workings  becomes  an  an- 
noyance to  the  miners,  though  in  other 
respects  the  excavations  are  not  at  all  in- 
saliil»rious. 

Salt  wj>rinirs  occur  nearly  in  tlie  same 
circumstances,  and  in  the  same  geological 
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formation  t»  the  salt-rock.  It  haa  been 
noticed  that  salt  spring  issne,  in  fifenerol, 
fVoin  the  upper  portion  of  the  siuiferous 
strata,  principally  from  the  saline  clay 
marls.  Cases  however  occur,  where  the 
salt  springs  are  not  accompanied  by  rock- 
salt,  and  where  the  whole  saline  matter 
is  aerived  f^om  the  marls  themselves, 
which  thus  constitute  the  only  saliferous 
bedA. 

The  salt  used  in  the  United  States,  is 
derived  hero  by  importation  from  Liver- 
pool, or  from  Turks  Island,  or  obtained 
from  the  salines  of  Ononda{za,  the  waters 
of  which  are  evaporated  to  dryness.  That 
of  Turks  Island  is  chiefly  produced  by 
solar  evaporation.  In  Key  West,  Florida, 
the  manufacture  of  salt  l)y  solar  evapora- 
tion is  carried  on  on  a  small  scale,  that  is 
from  80  to  40  thousand  bushels  yearly. 
This  salt  is  of  a  superior  quality  for  pack- 
ing moat.  The  manufncture  commenced 
in  184i>.  The  salt  made  in  the  State  of 
New  York,  is  from  the  salines  of  Onon- 
daga, the  waters  of  which  furnish  abun- 
dance of  salt,  as  much  as  from  16  to  25 
ozs.  to  the  gallon  of  water.  The  State 
imposes  a  tax  of  121  cents  per  bushel  on 
all' stilt  made.  Besides  niurinte  of  soda 
the  waters  contain  chloride,  calcium,  sul- 
phates of  lime  and  magnesia,  and  oxide  of 
iron.  Some  years  back  there  were  an- 
nually produced  half  a  million  bushels 
of  salt  per  year,  the  price  25  cents  per 
bushel.  The  salt  is  obtained  by  evapo- 
rating the  brine  down  to  the  point  of 
crystallization  and  separating  the  impuri- 
ties. 

The  State  Superintendent  of  the  Sa- 
lines of  Onondaga,  reports  as  follows : 
*'  We  have  maimfjictiired  this  year  (1849) 
very  nearly  five  million  bushels  of  salt 
already,  ana  shall  exceed  that  figure  some- 
what at  the  close  of  the  year,  say  800,000 
bushels  over  last  year.  (The  bushel  is 
reckoned  at  2»i  lbs.)  In  rejrard  to  the 
consumption  of  fuel,  I  cannot  say  much 
that  will  be  new  to  you.  No  improve- 
ment has  l>cen  made,  perhaps,  since  you 
were  here." 

The  importance  of  these  Salines  may  be 
inferred  from  the  fact,  that  in  the  year 
I'^Sfi  tlie  whole  import  of  salt  into*  the 
ports  of  tiic  rnitod  States  amounted  to 
5.0'*s,»j»i«  bushels,  of  di]  lbs  each,  being 
but  a  tritle  more  than  this  year's  produc- 
tion of  the  Salines  of  Onoinlaija. 

With  retrard  to  the  use  of  Anthracite 
coal,  as  fuel  for  makititr  salt,  the  experi- 
ment is  saiil  not  t  >  have  been  successful, 
and  that  the  ijentleinan  who  made  the 
trial  has  since  aiihstituted  wood  for  coal. 


Heretofore  one  cord  of  wood  was  uaed 

in  making  forty  bushels  of  salt.  At  that 
rate,  125,000  cords  of  wood  are  required 
for  the  evaporation  of  brine  for  5.000,000 
bushels  of  salt.  About  forty  gallons  of 
brino  make  a  bushel  of  salt,  therefore 
requiring  two  hundred  millions  of  gallons 
of  brine  to  be  raised  from  the  wells,  to 
produce  the  quantity.  By  the  Salometer, 
the  brine  tests  about  74° — 0  being  the 
mark  for  fresh  water,  and  100°  for  orine 
of  full  saturation. 

**  From  very  minute  and  extensive  ex- 
aminations of  the  Salinee  of  Onondaga, 
and  from  my  own  experience  in  the 
evaporation  of  flnids  by  neat,  my  opinion 
is  clear,  that  25.000  cords  of  wooa  may 
be  made  to  do  tne  work  heretofore  per- 
formed by  126,000  cords." 

SALTPETRE,  is  a  natural  compound 
of  potash  and  nitric  acid.  It  abounds  in 
soils  where  animal  substances  and  lime 
are  in  contact,  and  these  being  lixiviated, 
decanted,  and  evaporated  to  dryness, 
crystals  of  saltpetre  are  formed.  Some- 
times they  are  redissolvcd,  and  evapo- 
rated a  second  time. 

The  chief  of  the  saltpetre  used  in  this 
country  comes  from  the  East  Indies, 
where  at  certain  seasons  of  the  year,  it  is 
found  deposited  on  the  surface  of  the  soil, 
and  though  swept  off  once  or  twice  a 
week,  it  is  as  often  renewed.  At  ApuHa, 
near  Naples,  there  is  a  bed  containing  40 
per  cent. ;  and  in  Switzerland  the  farmers 
extract  it  in  abundance  from  the  earth, 
under  the  stalls  of  their  cattle  j  for  the 
urine  of  cattle  contains  potash  m  abun- 
dance. In  Spain  there  is  enough  to  sup- 
ply all  Europe. 

It  appears,  in  every  case,  to  be  a  con- 
solidation of  the  nitrogen  of  the  atmo- 
sphere, which  consolidates,  in  this  way, 
just  as  oxygen  consolidates  in  the  pro- 
duction of  rust  and  oxides  of  all  kinds. 
Thus  considered,  the  consolidation  of 
one  promotes  the  consolidation  of  the 
other,  since  they  are  always  present  in 
the  air  as  1  oxyjren  and  3*5  nitrogen. 

Saltpetre-earth  absorbs  a  little  mois- 
ture at  night,  and  appears  like  a  black 
foot-dust  at  the  bottom  of  old  walls,  or 
on  the  streets  of  populous  or  old  villages. 

It  does  not  differ  in  appearance  from 
that  which  yields  salt  or  soda  ;  and  in- 
deed, one  village,  or  one  street,  frequently 
contains  the  three  salts. 

The  most  profltal)le  way  of  preparing 
it  is,  to  evaporate  it  in  shallow  basins  of 
mortar.  Tlie  earth  is  swept  up  every 
other  day  and  contains  about  onc-ttttn 
of  crude  saltpetre.     After  the  saltpetre 
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is  axtnetcd,tbB  earth  is  heaped   np  till 
the  raiiiB  are  over,  uid  tlien  sjireftd  out, 
and  in  a  year  or  two  it  yicLiJn  agaia. 
Aboal  tvo  gallons   of  imltpatrs-cnrth 

wall.    Tlia  witpotre  i^uned  tVotu  blnck 

■alt  than  Ihat  from  common  earth.  The 
puns  of  mortar  are  flUed  about  four  In- 
ches deep,  about  half  ie  evaporated  id 
fbur  tir  nil  daye,  and  the  Ballpctre  beginB 

■ .-":—      The  firat  day's  product  ie 

"■-.    ecoond  day's  contains 

contiiins  ecnroely  a  quarter  of  aallpetro. 

Baitpetre  i«  refined  by  boiling ;  adding' 
BDip,  milk,  egipi,  and  twigs  of  eiiphorbla 
tlruoJlt ;  and  single  refined  saltpetre  slitl 
contidiis  about  a  niiarter  of  coinmoa  »M. 
Bengal  saltpetre  is  browner  tbatt  that  of 

ir  anlCpetra  is  kept  or  prepared  ia  any 
artment,   it  is  (tiftlcurt,  m   India,    to 
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'.by 


the  continual  production 

CalcareouB  earths,  impregnated  with 
saltpetre,  are  found  in  caveriu  in  lime- 
stone, in  various  places.  The  Hltpetre 
Earth  of  GcarKiH,  eontains  both  the  ni- 
tralu  of  potash  and  that  of  lime ;  but  the 
latter  is  chaneed  into  saltpclre,  by  oil- 
ding  wood-asncs;  one  bushel  of  canli 
jieljs  ftcni  three  lo  ten  pouuds  or  s.ill- 
petre.  Keutuclty  salt|>ctrc-eanh  is  sinii- 
ilar;  It  is  washed,  and  the  ley  i>B'»cd 
throngh  woad-osliea,  when  a  liuhliel 
yields  ftom  one  to  two  pounds  of  snlt- 

Similar  earths  are  found  at  Molfettn, 
Naples,  Iliitigary,  and  various  ]>la<'cs. 

Kentucky  rock-ore  is  a  saiid-sltine, 
vrhieh,  when  broken  to  fmiriiit'nls,  unil 
thrown  inlti  b:uliu|t-waler,  soon  fails  into 
■anil,  atid  tlio  liouor  Mrniued  ttom  it 
jlclds,  by  cn-slullinilion,  ftoiii  ten  lo 
twenty  nuumU  of  iiltrv  tVom  each  liushi-l 
of  Monc.  This  nitre  eontains  lilllc  or  no 
nitrule  of  lime,  and  is  oouKidered  bi'ttcr 
fiir  );iinpowder  tliaii  tliat  ubtuincd  IVi'ui 
KrntnvKy  ui)re-car)h.    MiiSbD.'  of  call- 


petrc. 


»r.-s  of  111 


nd  in  tiouth  AfVic;i. 


i'ru'«ia.  Tlie  mark,  by  wl,i,-h  ^ 
worker"  know  good  murtur  li.r  il 
po»e  is.  that  It  lustci  acrid  and  :>i 


be  also  added,  Uiat  it  ought  to  be  of  a 


Another  ohara 
iiupregnsled    i 


A  dear  dry   frosty  air  ia  pai«onUrix 
favorable  lo  the  production  of  saltpetre^ 


Nap 


by  dropping  a  strong 'solution  of  aiigir 

of  lend   into  a  phial  of  distilled  wMer, 

HBturuted  with  saltpetre;  if 

any  considenilile  portion  ot 

or  magnesia,  it  aBsaaie<l  a  turbid 

appearance.    The  beat  ii 


9  seldom  r 


The  injodiiesa  of  saltpi 
bv  tiie  aiiicle  at  which  light  is  relhicK 
'II   passing  thniugh  it.     As  the  angle 


trengML 
rethielei 


less,  the  qoalitv  is  belter. t- 

varies  very  considerably.  An  angle  ol 
.•i^  ia  dJlwlpar,  and,  the  varialious  tioui 
it  are  made  up  by  increasing  or  dinnunh- 
ing,  not  liic  price,  but  the  qiuatity:  f<^ 
everv  decree  bv  which  its  angle  of  >*- 
IVaHioti  extvcdi'  .'i,  1  per  cent,  in  weigW 
in  allowed ,  and  llio  contrary. 

SAND  islhe  name  Biventoany  mine- 
ral Kuhstance  ill  a  bard  granular  orpw- 
vcrulcnt  form,  whether  strewed  vpM 
llic  surliiuo  of  tlio  KTound,  fonnd  in 
sinita  at  a  ct-rlnin    deirth,  tbrmiiig  the 


jr   llie    J.;™   of   grjuitio,  sehules". 
iiuartio'c.    or  olber^primlSve   wysuO- 
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line  rocks,  «nd  ore  abandantiy  distribut' 
ed  over  the  globe ;  as  in  the  immense 

Slains  known  under  the  names  of  downs, 
CBcrts,  tteppeSj  landes,  d;c.^  which,  in 
AfVica,  Asia,  Europe,  and  America,  are 
entirely  covered  with  loose  sterile  sand. 
Valuable  metallic  ores,  those  of  gold,  pla- 
tinum^ tin,  copper,  iron,  titanium,  often 
occur  m  the  form  of  sand,  or  mixed  with 
that  earthy  substance.  Pure  silicious 
sands  are  very  valuable  for  the  manufac- 
ture of  glass,  for  making  mortars,  filters, 
ameliorating  dense  day  soils,  ana  many 
other  purposes.  Its  chief  uses  are  in  com- 
positions for  pottery  and  glass,  and 
some  sands  are  more  and  some  less  fusi- 
ble, according  to  the  various  stones  from 
which  they  may  have  originated.  The 
size  of  the  particles  is  of  iinportimcc  in 
these  works.  It  is  the  wearing  down  of 
rocks  by  attrition,  during  the  sub-marine 
state,  or  the  advance  and  retreat  of  the 
ocean. 

Sand  drifts,  or  floods,  are  arrested  by 
planting  marum,  or  sea-bent,  or  the 
arundo  arenania,  and  other  plants,  that 
take  root  in  sand. 

Sandstone  is,  in  most  coses,  compos- 
ed chiefly  of  flne  grains  of  quartz,  united 
bv  a  cement,  which  is  nearly  or  quite  in- 
visible. The  cement  is  variable,  and  may 
be  calcareous  or  marly,  argillaceous,  or 
argillo-ferruorinous,  or  even  silicious. 
When  silicious,  sandstone  resembles 
quartz.  Some  varieties  are  so  hard  as  to 
give  Are  with  steel,  while  others  ore  fri- 
able, and  may  be  reduced  to  powder  by 
the  fingers.  Some  have  a  slaty  struc- 
ture, arising  from  scattered  and  insulat- 
ed plates  of  mica,  and  are  often  called 
sanustone  slate.  Some  sandstories  con- 
tain trrains  of  feldsj)ar,  flint,  and  silicious 
shite  or  plates  of  mica.  The  mioa  is  in 
considerable  quantities  in  those  friable 
siindstone**  which  accompany  coal.  Some 
arc  so  ferruj^inous  us  to  form  a  valuable 
ore  of  iron,  containinsf  either  an  oxide  or 
the  carbonate  of  iron.  Kcd  sandstone 
is  sometimes  connected  with  coal.  In 
the.  older  formation  it  sometimes  con- 
tains metallic  substances  disseminated 
throujjli  the  mass,  or  in  btnls  or  veins. 
Various  oriranic  remains  occur  in  sand- 
stone, among  which  ore  reeds,  imjires- 
sions  of  leaves,  trunks  of  trees,  and 
shells,  both  fluviatile  and  mirine.  In 
sonie  of  its  variitties  it  is  often  known 
by  the  name  of  free-^tono.  and  is  ein- 
|)lovcd  as  a  bnildintr-stono.  In  most 
ca^es,  it  niav  Imj  cut  equally  well  in  all 
directions;  f)ut  some  varieties  naturally 
divi»le     into    prismatic    masses.      Some 


oompoimds    are    need   as   mill^toDes. 

When  porous,  it  is  employed  for  filter* 
ing  water.  Some  are  even  osed  for  whet« 
stones. 

SANDALorKEDSAUNDERSWOOD 
is  the  wood  of  the  Pterocapua  MiUalintWy 
a  tree  which  grows  in  CevTon,  and  on  the 
coast  of  Coromandel.  The  old  wood  is 
preferred  by  dyers.  Its  coloring  matter 
IS  of  a  resinous  nature :  and  is,  there* 
fore,  quite  soluble  in  alcohol,  essential 
oils,  and  alkaline  leva  ;  but  sparingly  in 
boiling  water,  and  hardly  if  at  all  in  cold 
water.  The  coloring  matter  which  is 
obtained  by  evaporatmg  the  alcholic  in*- 
fusion  to  dryness,  has  l^eu  called  $antar- 
line  J  it  is  a  red  resin,  which  is  fusible  at 
212^  F.  It  may  also  be  obtained  by  di- 
gesting the  rasped  sandal  wood  in  water 
of  ammonia,  and  afterwards  saturating 
the  ammonia  with  an  acid.  The  sanialins 
falls,  and  the  supernatant  liquor,  which 
is  vellow  b^'  transmitted,  appears  Wue  by 
reflected  light.  Its  spirituous  solution 
aflords  a  fine  purple  precipitate  with  the 
protocliloride  of  tin,  ana  a  violet  one 
with  the  salts  of  lead.  Santaline  is  very 
soluble  in  acetic  acid,  and  the  solution 
forms  permanent  stains  upon  the  skin. 

SANDARACII,  is  a  peculiar  resin- 
ous substance,  the  product  of  the  Thvya 
articuluta^  a  small  tree  of  the  coniferous 
family,  which  grows  in  the  northern 
])arts'of  Africa,  cs{)ecially  round  Mount 
Atlas. 

The  resin  comes  to  us  in  pale  yellow, 
transparent,  brittle,  small  tears,  of  a 
spherical  or  cylindrical  shape.  It  has  a 
faint  aromatic  smell,  does  not  soften,  but 
breaks  between  the  teeth,  fuses  readily 
with  heat  and  has  a  specific  gravity  of 
from  1-05  to  1-09.  It  contains  three  dif- 
ferent resins;  one  soluble  in  spirit  of 
wine,  somewhat  resembling  pinic  acid 
{see  Tuupentixk)  ;  one  not  soluble  in 
that  menstruum;  and  a  third,  soluble 
only  in  ab'ohol  of  yo  per  cent.  It  is  used 
as  pounce-powder  jfor  strewing  over  pa- 
per erasures,  as  incense,  and  in  var- 
nishes. 

SAP  GKEEN.  The  inspissated  juice 
of  the  berries  of  the  buckthorn. 

SAP  AX  WOOD  is  a  species  of 
the  CiTMilpinia  genus,  to  which  Bra- 
zil wood  belon^rs.  It  is  so  called  by 
the  French,  because  it  comes  to  them 
from  Japan,  which  they  corruj»tly  pro- 
n(umcc  Sapan.  As  all  tl»e  siieeics  oftliis 
tree  an;  natives  of  the  East  Indies  or  the 
New  World,  one  would  inuiirine  that 
they  could  not  have  been  used  as  d>e- 
stutis  in  Europe  before  the  loth  century. 
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Yet  the  anthor  of  the  article  **  BrazU,"  in 
Bees'  Cyclopedia,  and  Mr.  Soathey,  in 
hia  History  of  Brazil,  Bay  that  Jarazil 
wood  ia  mentioned  nearly  one  hundred 
yeara  before  the  discoveries  of  Columbua 
and  Vaaoo  de  Gama,  by  Chancer,  who 
died  in  1400 ;  that  it  was  known  many 
•ffes  before  this  time  ;  and  that  it  gave 
the  name  to  the  country,  instead  of  the 
country  givine  the  name  to  the  wood,  as 
ia  stated  by  &rthollet  and  other  writers 
on  dyeing.  The  Casalpinia  sappany  be- 
ing a  nutivo  of  the  Coromandel  coast, 
may  ^MMtn/*/^  have  been  transported  along 
with  other  Malabar  merchandise  to  the 
Mediterranean  marts  in  the  middle  ages. 

SARD.     ( Stfe  La  i*id ar y  . ) 

8ARCOCOLL,  a  gum,  sold  in  globules, 
smelling  like  aniseed.  It  yields  oxalic 
acid,  and  a  variety  of  liquorice ;  in  nitric 
acid  it  is  converted  into  tannin. 

SASH.  In  Architecture,  a  piece  of 
fhiming  for  holding  the  squares  of  glass 
in  a  window.  It  is  of  two  sorts — viz., 
that  called  the  French  sash,  which  is 
hang  like  a  door  to  the  sush-fi'ame;  and 
that  in  which  it  moves  vertically  from 
being  balanced  by  a  wciglit  on  eacn  side, 
to  which  it  is  attached  by  lines  running 
over  pulleys  at  the  top  of  the  sash-frame. 
When  in  u  window  where  both  the  upper 
and  lower  sasiies  are  moveable,  the  sasnes 
are  suid  to  be  double  hung,  and  single 
hung  when  onlv  one  of  them  moves. 

SASIi  SUPPORTER.  A  substitute 
for  weights  and  pullies  in  supporting 
window  saslies  has  been  invented  and 
patented  bv  Mr.  J.  A.  Peiute,  of  Phila- 
delphia. l*hc  cheapness  at  which  it  can 
be  afforded  jiiidthe  manner  ond  case  with 
which  it  works,  render  it  a  valuable  in- 
vention ;  it  is  very  simple  in  its  con- 
struction and  admirably  answers  the  pur- 
pose for  which  it  is  intended.  It  con- 
sists of  a  metal  box  wltli  a  shaft  or  roller 
covered  in  the  centre  with  India  rubber 
or  other  ela.stic  substance ;  the  ends  of 
the  shaft  play  in  the  jouriuils  of  the  box, 
which  i-  placed  in  the  frame  of  the  win- 
dow. The  bearing  of  the  elastic  roller 
upon  tlie  sa^h  Ik^Ms  it  in  any  desired 
position,  and  at  the  s-imc  tinie  allows 
the  sash  to  be  moved  with  case ;  it  is 
not  lial)Ie  to  L'ct  out  of  order,  and  tlic 
roller  beini;  cliistic  does  not  wear  the  sash, 
it  also  keeps  the  sash  from  V)cina:  shaken 
with  the  wind.  We  have  no  doubt  but 
that  It  will  eonic  into  general  use,  as  the 
saving  bv  its  use  over  the  weitrhts  and 
pullies  is  from  one  to  two  dollars  per 
window. 

SATIN;    a   soft  closely-woven    silk. 


with  a  gloAsy  enrfiKse.  In  the  mannftc- 
tnre  of  other  silken  atnffs,  each  half  of 
the  warp  is  raised  alternately;  but,  in 
weaving  satin,  the  workman  only  nuaes 
the  fifth  or  the  eighth  part  of  the  ^iirp ; 
thus  the  woof  is  hidaen  beneath  tne 
warp,  which,  presenting  an  even,  close, 
and  smooth  surface,  is  capable  of  reflect- 
ing the  ravs  of  light.  In  this  way  satin 
acquires  tnat  lustre  and  brilliancy  which 
distinguishes  it  from  most  other  kinda  of 
silks. 

SAWS,  are  wedges  to  tear  their  way 
through  an  obstade.  They  are  recipro- 
cating or  circular.  The  former  are  woU 
known  as  hand-saws,  or  reciprocating 
ones,  such  as  are  seen  in  sawpits.  The 
circular,  as  better  adapted  to  power,  and 
more  precise  and  rapid  in  their  action, 
are  becoming  general.  They  were  in- 
vented in  Holland,  about  1780,  and  ore 
a  great  acquisition.  Tlie  machine  which 
turns  the  saw  draws  the  piece  to  the 
work,  which  is  so  accurate' that  an  inch 
thick  of  certiun  woods  may  be  divided 
into  twenty  uniform  sheets,  allowing  for 
waste. 

SC  AGLIOL  A.  In  Architecture,  a  com- 
position ,  sometimes  called  also  jUschiOy 
from  the  mixture  of  colors  employed  in 
it.  bein^  made  to  imitate  marble.  The 
Florentines  claim  the  invention  of  this 
art,  but  it  had  been  practised  in  Lom- 
bardy  previous  to  its  introduction  at 
Florence.  Lanza  says  that  it  was  invented 
by  Guido  Sassi,  who  died  in  1649,  at  the 
age  of  65,  at  Carpis,  in  the  state  of  Mo- 
dena,  and  that  he  commenced  by  exe- 
cuting cornices  and  other  members  of  ar- 
chitecture which  had  all  the  appearance 
of  the  finest  marbles  ;  whereas  its  intro- 
duction at  Florence  was  not  till  the  mid- 
dle of  the  18th  century.  Scagliola  ia 
composed  of  gypsum  or  sulphate  of  lime, 
calcined  and  reduced  to  a  fine  powder, 
with  the  addition  of  which  to  water  a  fine 
paste  is  made.  When  columns  are  made 
with  this  composition,  a  frame  or  cradle 
is  first  formed,  which  is  lathed  round  and 
coated  with  litne  and  hair,  raised  up  in 
some  parts  with  small  projections.  On 
this,  when  dry,  is  laici  a  composition 
consisting  of  pure  pyj)sum,  calcined  and 
passed  tliroutrh  a  sieve,  and,  as  wanted, 
mixed  with  t^luc  or  isint^lass  ;  it  is  float- 
ed with  wooden  moulds  of  the  proper 
fonn,  duriiiff  which  operation  the  colors, 
by  which  the  imitation  is  obtained,  are 
})ut  on.  When  this  is  set  the  work  is 
smoothed  with  puniice-Rtone  with  one 
hand  of  the  workman,  while  the  other  ia 
employed  in  washing  it  witli  a  sponge 
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and  water.  It  is  then  polished  with  trip- 
oli,  charcoal,  and  a  piece  of  fine  Ihicn, 
ftiul  nfterwardrt  with  a  piece  of  felt 
dipped  in  oil  of  tripoli,  and  fiuished  otf 
witli  pure  oil  laid  on  with  cotton  wool. 

SCALE.  In  mcnsiirutiou,  a  line  or  rule 
of  a  definite  length,  divided  into  a  given 
nnnibcr  of  equal  parts,  and  used  for  tlic 
purpose  of  measuring  other  linear  mag- 
nitudes. It  becomes  a  standard  scale 
when  all  its  divisions  have  been  exam- 
ined and  compared  with  some  standard 
measure.  Tito  scales  of  thermometers 
are  graduated  from  8ome  arbitrary  point 
or  zero  (as  that  which  indicates  the  tem- 
perature of  freezing  water),  from  which 
the  heat  is  counted  upwards  or  down- 
wards in  degrees,  which  are  also  arbi- 
trary. 

The  term  8oaU\%  also  applied  to  a  mathe- 
matical instrument,  consisting  of  an  iis- 
t^emblage  of  lines  and  figures  engraved 
on  a  plane  rule,  by  means  of  which  cer- 
tain proportional  quantities  or  arithmeti- 
cal results  are  obtained  bv  inspection. 
Of  these  the  principal  tkmiViepUin^  scale^ 
the  d'uujonal  settle^  brunUr''8  ncaU,  &c. 

SCALES,  are  measures  of  the  down- 
ward tendency,  cen  ri  petal  force,  or 
weight  of  bodies.  A  body  is  put  in  one 
scale,  whose  weight  is  known,  and  the 
arms  being  truly  equal,  a  body  of  un- 
known weight  balances  the  known 
weight.  When  well  made,  they  are  true 
to  the  50000th  of  the  body  weighed  ; 
but  the  friction  of  large  soalea  renders  it 
ineligible  to  weigh  ounces  or  grains  in 
them  ;  the  friction  on  a  hundred  weight 
is  the  third  of  an  ounce.  (.SV*"  Balanck.) 
SCANTLING.  In  architecture,  the 
measures  of  breadth  and  thickness  of  a 
piece  of  timber  or  other  inuteriul.  It 
IS  also  the  natne  of  a  piece  of  timber 
when  under  five  inches  ^ciuure. 

ScANTLiNo.  In  niivjil  jirchitecture, 
the  scale  or  dimensions  of  breadth  and 
thioknesft  of  the  tinihers.  Thus  two 
shiiw  of  ditferent  sizes  may  have  the 
same  scnntling. 

SCARLET  DYE.  M.  Robiquet  has 
given  tiie  following  prescription  for  ma- 
king n  printing  scarlet^  for  well-whitened 
woollen  cloth. 

Boil  a  jionnd  of  pulverized  cochineal 
in  four  pints  of  water  down  to  two  pints, 
and  pnss  the  decoction  throuirh  a  sieve. 
Rct-cat  the  hoijinif  three  times  upon  the 
n'sidunin.  mix  the  eii^ht  pints  ot  dccoo- 
tioii,    tliickcii    tlietn    propi'rly    with   two 

i»oniids  of  stan-h,  un<l   h"ii  into  a  paste. 
A't  it  cool  down  tolo4°  F.,  then  add  lour 
ounces  of  the  subjoined  solution  of  tin, 
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and  two  ounces  of  ordinary  salt  of  tin 
(muriate).  When  a  ponceau  red  is  want- 
ed, two  ounces  of  pounded  cnrcuma 
(turmeric)  should  be  added. 

The  solution  of  tin  above  prescribed, 
is  made  by  taking — one  ounce  of  uitrio 
acid,  of  specific  gravity  36°  B,  =  1  "33  ; 
one  ounce  of  sal  ammoniac  ',  four  ounces 
of  grain  tin.  The  tin  is  to  bo  divided 
into  eight  portions,  and  one  of  them  is 
to  be  put  mto  the  acid  mixture  every 
quarter  of  an  hour. 

A  solution  of  chlorate  of  potassa  (chlo- 
ride ?)  is  said  to  beautify  scarlet  cloth  in 
a  remarkable  manner. 

Banerofl  proposed  to  supplant  the  ni- 
tro-muriatic  acid,  by  a  mixture  of  sul- 
phuric and  muriatic  acids,  for  dissolving 
tin  ;  but  1  do  not  find  that  he  succeeded 
in  persuading  sct^rlet-dyers  to  adopt  his 
plans.  In  fact,  the  proper  base  may  be, 
perhaps,  a  mixture  of  tiie  protoxyde  and 
peroxvde  of  tin  ;  and  this  cannot  be  ob- 
tained by  acting  upon  the  metal  with  the 
murio-sulphuric  acid.  Ho  also  prescribed 
the  extensive  use  of  the  quercitron  yel- 
low to  change  the  natural  crimson  of  the 
cochineal  into  scarlet,  thereby  economiz- 
ing the  quantity  of  this  expensive  dye- 
stuff. 

SCIIEELE'S  GREEN  is  a  pulverulent 
arsenite  of  copper,  which  may  be  pre- 
pared as  follows  : — Fonn,  first,  an  arse- 
nite of  potassa,  by  adding  graduallv  11 
ounces  of  arsenious  acid  to  2  pounds  of 
carbonate  of  potassa,  dissolved  in  10 
pounds  of  boiling  water  ;  next,  dissolve 
2  pounds  of  crvstallized  sulphate  of  cop- 
per in  80  poun(l8  of  water ;  filter  each  so- 
lution, then  pour  the  first  progressively 
into  the  second,  as  long  as  it  produces  a 
rich  grass-green  precipitate.  This  being 
thrown  upon  a  filter-cloth,  and  edulcorar- 
tcd  with  warm  waicr,  will  afiford  1  pound 
6  ounces  of  this  beautiful  pigment.  It 
consists  of,  oxitle  of  copper  28'f')l,  and 
of  nrscnious  acid  71-46.  This  green  is 
apj>rK'd  by  an  analogous  double  decom- 
position of  cloth.      OV-eCALirO- PRINTING.) 

S(  H  WEINFURTII  GREEN  is  a  more 
bcnntiful  and  velvety  pigment  than  the 
preceding,  which  was  discovered  in  1814, 
and  remained  for  mnny  years  a  profitable 
secret.  M.  Licbig  having  made  its  com- 
position known,  in  1822,  it  has  l>ccn  since 
prepared  in  a  jrreat  mnny  color-works. 
Braconnot  publlshc*!,  about  tlie  same 
time,  another  process  for  manufacturing 
the  same  piL'nieiit.  Its  j.nparation  is 
very  hinijile  ;  but  its  loriuNtieii  is  aecom- 
]»anied  with  sotne  interesting  circum- 
stances.    On  mixing  equal  parts  of  ac©- 
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cxposuro  TO  mr,  or  by  bciui; 
wuler.  But,  if  it  be  boiled  in 
loiw  liquor  fi'oni  wliirh  it  vaa 
ted,  it  ■ooo  changes  its  color, 

uew  de|io«it  in  ihe  fonn  o 
irmnnlu'  beantifnl  green  pov 
tine  a  color  ia  prodnccd  by 
duriufc  Sre  or  six  ininnle:',  ti  tu 

■t  tlio  end  of  ecveml  hours 
the  two  boiling  Bolutions,  an 
the  whole  to  cool  logetlier.    In        L 
cue,  tliD  prcuipitute,  wliluii  i» 
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Inetid*  prodnced  In  xeverul 
operutions  eonpFmcd  En  their 
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uf  nrlilcii  drculnr  bli.ukd  luv    bt 
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Bcliuicl  at  the  mint. 

SruUKINU    ANi>    Cleans 
(rctipml  lirlni-ijile  of  dcsnAlne  nil  h] 


colon  of  cloth,  nnd  may  therefore  be  em- 
ployed with  ndvintu^.  Tlie  ox-grill 
"■      Id  be        'fi  d  green- 
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tv  fyp  the  mailer  coiniwsinK  (li.-ni. 
tW  tiiui  fur  Ihe  cloth,  and  uliiih 
render  them  Kolnlile  in  Koinc-  li.im.; 
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a.   Ox-Lfill   und   volk   of   eci   hiivr 

proi*ny  of  dinHolviiie  tlittv  hndic  n 

oiil   nlfei-tini   jien-epiilily  the  ti"!tiir 

1  p«   al,  CO   - 

ponnd  of  vegetable  Tcnitiine,  and  of  fi-r- 
I  rnzinoiiH  matter  in  n  Rtiile  of  binck  oi- 
\  idc.  Washing  witli  pDrewutcr.  foDovcd 
.  if  iiecesNiry  Tti;h_  Bonpiug,  will  liike  aivay 


'l'i"lM'''!ra  m?«ni?of  pftX 
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pitohy  matter;  then  oxalic  acid  may  be 
used  to  diBcharcre  the  iron.  Cotfee  Htains 
require  a  washing  with  water,  with  a 
careful  BoapinjBT,  at  the  temperature  of 
120°  F.,  followed  by  Bulphuration.  The 
two  latter  processes  may  be  repented 
twice  or  thrice.  Chocolate  stains  may  be 
removed  by  the  same  means,  and  more 
easily. 

As  to  those  stains  which  change  the 
color  of  the  stuff,  they  must  be  corrected 
by  appropriate  chemical  reagents  or 
dyes.  When  black  or  brown  cloth  is  red- 
dened by  an  acid,  the  stain  is  best  coun- 
temcted*  by  the  application  of  water  of 
ammonia.  If  delictite  silk  colors  are  in- 
jured by  soapy  or  alkaline  matters,  the 
stains  must  be  treated  with  colorless 
vineflrar  of  moderate  force. 

SCREW.  In  mechanics,  one  of  the 
six  mechanical  powers,  consisting  of  a 
spinil  ridge  or  groove,  winding  round  a 
cylinder,  so  as  to  cut  every  line  on  the 
surface  parallel  to  the  axis  at  the  same 
angle.  The  screw  mav  be  formed  either 
on  the  outside  or  inside  of  the  cylinder; 
in  the  former  case,  it  is  called  the  exte- 
rior or  muU  screw  :  in  the  latter,  the  in- 
Urior  or  ftmuU  screw.  The  jiction  of  the 
screw  resembles  that  of  the  wedge,  or 
inclined  plane  ;  but  as  the  cylinder  has 
always  a  nandle  attached  to  it,  the  screw 
is  in  reality  a  compound  of  the  inclined 
plane  and  lever  ;  and  if  the  direction  of 
the  power  be  parallel  to  the  base  of  the 
cylinder,  and  perpendicular  to  its  radius, 
an  equilibriujn  is  produced  when  the 
power  is  to  the  resistance  or  pressure  as 
the  interval  between  the  odjacent  threads 
is  to  the  circumference  described  by  the 

?ioint  to  which  the  power  is  applied. 
Icnce  the  mechanical  advantnjre  iiftV)r(led 
by  the  screw  is  proportional  jointly  to 
the  fineness  of  the  threa<ls  and  the  smnll- 
ness  of  the  cylinder  relatively  to  the 
lenjrth  of  the  lever  or  handle.  It  is  to 
be  observed,  however,  that  by  diminis*h- 
intr  the  distanec  between  the  threads,  or 
by  diininishintr  the  diameter  of  the  cyl- 
inder, we  diminish  also,  in  both  Ciises, 
the  strength  of  the  screw ;  and  hence 
there  is  obviously  a  liinit  to  the  increase 
of  power.  But  the  action  is  greatly  iii- 
enancd  by  means  of  the  contrivance 
called  a  d(>>t}»le  ser^w,  or,  from  the  name 
of  its  inventor,  Nnritt'r''s  scr*u\  which 
consists  in  the  combination  of  two  screws 
of  uneqjial  Hneness  of  tiiread,  one  of 
wliicli  works  witiiin  the  other.  In  thi.s 
cas«  the  power  does  not  depend  upon 
the  interval  between  the  threads  of  either 
screw,  but  on  the  difference  between  the 


intervals  in  the  two  screws,  and  may  be 
increased  to  almost  any  extent. 

The  endletn  screw  consists  of  a  screw 
combined  with  a  wheel  and  axle  in  such 
a  manner  that  the  threads  of  the  screw 
work  into  the  teeth  fixed  on  the  periphery 
of  the  wheel.  Suppose  the  power  applied 
to  the  handle  of  the  screw,  and  the  weight 
attached  to  the  axle  of  the  wheel,  then 
there  will  be  equilibrium  when  the  power 
is  to  the  weight  as  the  distance  between 
the  threads  multiplied  by  the  radius  of  the 
axle  is  to  the  length  of  the  lever  or  han- 
dle, multiplied  by  the  radius  of  the  wheel. 

The  waler  scrtto,  or  ncretc  of  Archimedes, 
is  formed  by  winding  a  flexible  tube 
round  a  cylinder  in  the  form  of  a  screw. 
If  the  mad^iine,  thus  constructed,  be 
placed  obliquely,  so  as  to  make  with  the 
vertical  an  anefe  equal  to  that  which  the 
spiral  makes  with  the  lines  parallel  to  the 
axis  of  the  cylinder,  there  will  be  in  each 
convolution  of  the  spiral  a  part  parallel  to 
the  horizon.  If  any  body,  then,  be 
placed  within  the  spiral  at  this  part,  it 
will  remain  at  rest :  and  if  the  screw  be 
turned  the  body  will  ascend,  because  the 
part  of  the  screw  behind  it  becomes  more 
inclined  than  the  part  before  it,  and  it  is 
consequently  urged  forward.  This  sim- 
ple but  ingenious  contrivance  is  usually 
employed  for  the  purpose  of  raising  wa- 
ter to  a  small  height,  but  it  may  be  era- 
ployed  to  raise  any  substance  that  can  pnss 
within  the  tube ;  and  it  is  evident  that 
the  action  may  be  increased  by  placing 
several  tubes  or  spiral  channels  (for  they 
may  be  formed  or  wood  or  iron)  on  the 
same  cylinder.  The  principle  has  been 
recently  applied  to  the  propelling  of 
steam- vessels. 

The  mierornet^  scrm>  is  a  contrivance 
adaj>ted  to  astronomical  or  optical  instru- 
ments, for  the  purpose  of  measuring  an- 
gles with  great  exactness.  The  very 
great  space  through  which  the  lever  of 
the  screw  passes  in  comparison  of  that 
which  is  described  bv  the  cvlindcr  in  the 
direction  of  its  length,  renders,  the  screw 
of  immense  use  in  subdividing  space  into 
minute  parts. 

As  a  mechanical  power,  the  screw  has 
innumerable  applications  ;  but  is  employ- 
ed with  most  etfect  in  nil  cases  in  which 
a  very  great  pressure  is  required  to  be 
exerted  within  a  small  space  and  Avithout 
intermission.  Hence  it  is  the  power  tren- 
orally  used  for  expressinp  juices  frorn 
solid  substances,  tor  conipressins?  cotton 
and  other  iroods  into  huril  dense  masses 
for  the  convenience  of  carriage,  for  coin- 
ing, stamping,  printing,  &c. 
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SCREW-CUTTING.  Those  who  are 
posi?»ej'Bed  of  a  lathe  with  a  hhde-rest  to  it, 
which  is  now  in  very  fVeqnent  use,  may 
convert  the  screw  of  that  rest  into  a  pat- 
tern Kcrew,  whereby  to  cut  oriirinal  njfht 
and  left  threaded  screws  of  various  rake« 
and  diameterH,  in  the  foUowhig:  simple 
manner : — The  screw  of  the  slide-rest  has 
generally  a  square  formed  at  one  end  of 
It,  to  fit  a  winch  or  handle  upon,  in  order 
to  turn  the  screw  and  urjje  the  turning 
tool  forward.  Now  it  will  be  necessary 
to  have  another  souare,  also  formed  at 
the  opposite  end  of  tne  screw,  upon  which 
a  square  socket  can  be  secured  by  a  bind- 
ing-screw ;  this  socket  is  united  with 
one  of  the  forks  of  Hook's  universal 
joint,  formed  of  two  such  forks,  with 
screws  passing  through  the  ends  of  the 
forks,  having  conical  point*  to  them, 
which  enter  into  four  holes  made  arouna 
an  iron  ball  or  sphere,  at  equal  distances 
apart;  the  two  forks  being  thus  affixed 
to  the  ball,  at  right  angles  to  each  other, 
and  as  usual  in  forming  this  kind  of  uni- 
versal joint.  The  stem  of  tliis  second 
fork  is  elongated,  and  has  a  neck  or  }»ivot 
made  near  its  other  end,  which  works 
in  a  clefl  pivot-hole,  formed  in  a  standard, 
which  is  affixed  on  the  top  of  a  cvlindrical 
stem,  which  can  be  fittea  into  x\^c  socket 
of  the  ordinary  lathe- rest,  and  bound  by 
its  screw  as  usual.  Upon  the  exterior 
end  of  the  stem,  bey(»nd  the  nceU  or 
pivot,  toothed  wheels  or  pinioiin,  as  the 
car*e  may  require,  Miust  bo  fitted,  siiid 
bound  tiirlit  by  a  screw  and  nut;  and  in- 
to or  upon  tlio  nohc  of  the  latjie-inaiulnl, 
a  ell  lick  must  be  Hcrewe<l,  wliieli  can. 
likc\vi;'e.  have  other  lo«)tiie(l  wheels  or 
pinions  atlixed  iijuin  it,  n(!Xt  or  adjoininL' 
to  the  tnantirel,  to  \v<»rk  into  tiio  tir-t 
mentioned  tootiied  wheeln  or  ]iinic»ns. 
The  front  end  of  the  ciiuck  inii>t  also 
have  a  square  hole  made  in  it,  to  receive 
into  it  the  squared  end  of  the  steel  e\  Un- 
der, vvhieh  is  to  have  the  screw  enf  upon 
it;  and  the  <»ther  endofwhieli  cvliiulcr 
is  to  be  sujiported  by  the  back  centre  of 
the  lathe  as  u«^ual. 

A  j)ropcrly-sha)»ed  tiirnintr-tool  is  then 
to  be  pUuH'd  and  scrcweii  fast  in  tiie  soeUet 
of  the  slide  of  the  slide-rest,  atid  be 
brouirht  to  ai't  nj>on  the  steel  e_\linder, 
which  is  to  be  cut  into  the  screw  in  the 
usual  manner  of  turninL';  and,  by  tiic 
<lis}»arity  in  the  proportions  of  the  to<»i li- 
ed wheel-work,  the  turning  too]  will  hy 
carried  aloiiL'  ti».>Ter  or  slower,  so  eitlur  a-' 
to  cut  coarser  (►r  fnier  tiircaded  sneus 
than  the  oriL'inal  one,  or  a  similar  one. 
thou>^h    of  u  dillerent   diameter,    if  the 


toothed  wheels  be  cqaal.  Tho  univer»a] 
joint  here  is  necessary,  to  accommodate 
the  change  of  motion  fVom  a  right  line  to 
any  angle  less  than  a  right  angle.  Should 
let\  hand  threaded  screws  be  required,  au 
intermediate  wheel  or  pinion,  to  reverse 
the  motion,  must  be  affixed  to  the  t^tand- 
ard,  and  be  brought  to  act  in  the  other 
wheels  or  pinions. 

The  following  is  a  simple  and  econo- 
mical method  of  cutting  original  screwa: 
Yon  must  leave  the  piece  of  steel  from 
which  you  intend  to  form  your  up  a  lit- 
tle longer  than  necessary,  and  tiaving 
turned  it  true  througliout,*ot  one  end  tarn 
down,  somewhat  lower  than  the  rest,  a 
neck  or  sf>ace  about  half  an  inch  in 
length ;  round  this  space  coil  a  piece  of 
wire,  and  you  will,  at  once,  be  in  posses- 
sion of  a  primary  artificial  guide,  which 
will  regulate  the  pitch  of  your  intended 
screw.  You  have  nothing  now  to  do 
but  to  make  your  tracing-tool  to  the 
spiral  groove  formed  by  the  wire,  and  be- 
gin tracing  your  thread.  By  this  simple 
method  you  may  obtain,  by  varying  tne 
thickness  of  your  wire,  a  screw  of  luiy  re- 
quired oitoh,*  either  right  hand  or  leh. 

SEALING-WAX.  The  wax  used  for 
sealing  letters,  legal  instruments,  «S:c, 
The  best  red  seaTmg-wax  is  made  by 
melting  in  a  very  gentle  heat  48  parts  ot 
shell-lac  with  1*9  of  Venice  turpentine 
and  1  of  Peruvian  balsam  ;  82  parts  ot 
the  finest  cinnabar,  thoroughly  levigated, 
are  then  stirred  in,  and  tne  whole  well 
mixed.  When  it  has  cooled  down,  it  ia 
either  rolled  into  sticks,  or  shaped  in 
brass  moulds.  The  best  black  sealing 
wax  is  a  mixture  of  60  parts  of  shell-lac 
and  ''.o  of  ivory  black  ;  it  may  be  perfum- 
ed with  a  little  Peru  balsam  or  sty  rax. 
The  earliest  application  of  sealing-wax  to 
its  present  use  seems  to  have  been  made 
ah«Mit  the  year  l/i.'»:i.  The  first  printed 
aceount  of  it  is  said  bv  Berzelius  to  have 
ai'j'carcd  in  1'><>G.  'The  great  seals  apn 
plied  in  tin  Vioxes  to  certain  legid  docu- 
ments are  made  of  a  mixture  of  15  parts 
of  N'eiiice  turpentine,  5  of  olive  oil  and  S 
of  wax  melted  together,  and  colored  with 
red  lea<.l. 

(,)ther  varieties  of  sealing- wax  are  made 
thus: — Ti»  make  red,  lake  of  amiphor,  4 
o/.;  Venice  turpentine, -' lbs. ;  vermilion, 
li  Ih. ,  reclirtcd  spirit  of  wine,  16  oz. 
I)i>s'>l\e  the  eaJiiphor,  first,  in  the  recti- 
fied spirit  of  wine  in  a  suitable  vessel, 
over  a  slow  tire,  takiiii:  care  that  no  flame 
louche-  the  evajioratiiig  spirit:  then  add 
tiie  shell-lac;  and  when  that  has  become 
of  an  uniiorm  smoothness  by  a  moderate 
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applicaljon  of  heat,  add  tho  Venice  ter- 
pentine, and  lastlv,  the  vermilion,  which 
Hhonld  be  passca  through  a  hnir-siove 
held  over  the  melted  mass,  in  order  that 
it  may  not  jret  into  clot*.  When  the 
whole  is  well  incorporated  it  may  be 
formed  into  sticks. 

It  is  usual  to  weigh  out  the  soft  wax 
into  balli«,  and  roll  them  on  a  table  into 
the  lengths  de:«ired,  and  then  flatten 
them  by  pre-^sure.  They  are  polished 
by  being  ncld  over  a  diarcoal  fire  in  a 
chafing-dirth,  then  drawn  over  a  tallow 
candle  and  rubbed  with  sofl  leatlicr. 

BUick  W(tx.  Instead  of  vermilion,  cm- 
ploy  Uimphlack,  Black  rfsin  is  al80  often 
ns«ed  in  about  one-third  the  quantity  of 
the  shcli-lac,  thus  :  Take  of  camphor,  1 
oz. ;  shell-lac,  21  lbs. ;  black  resin,  H  lbs. ; 
oil  of  turpentine  8  oz. ;  rectified  spirit  of 
wine,  8  oz. ;  lampblack,  4  oz.  Dissolve 
the  cwmphor  in  the  rectified  spirit  of  wine, 
then  add  the  shell-lac,  to  which  pour  the 
rcAin  previously  melted  and  mixed  with 
the  oil  of  turpentine;  using,  of  course,  a 
moderate  heat,  and  taking  care  that  no 
flame  touches  the  melting  mutters. 

SECTOR.  A  mathematiciil  instrument, 
of  considerable  use  in  making  diagrams, 
laying  down  plnns,  &c.  Its  principal  ad- 
vantage cont»islfi  in  the  facility  with 
which  it  gives  a  graj)hicjil  deicnnination 
of  proportional  quaiitiliei* ;  and  hence  it 
is  Ciilled  by  the  French  the  compass  of  pro- 
portion. 

The  instrument  consitits  of  two  rulers 
fere n orally  of  brass  or  ivory),  represent- 
ing the  radii  of  a  circular  arc,  and  mov- 
able round  a  joint,  the  middle  of  which 
forms  the  centre  of  the  circle.  From  this 
centre  there  are  drawn  on  the  faces  of  the 
ruli'rs  various  scales  ;  tlie  choice  of  which, 
and  the  order  of  their  arrniigcnient,  may 
be  dctcnnincd  by  a  cousidonitioii  of  the 
uses  tor  which  the  instrument  is  chiclly 
intcn<lc(l.  The  scales  nsnally  puton  sec- 
tors are  of  two  kinds — single  and  double  ; 
that  is  to  say,  such  as  are  drawn  only  on 
one  of  the  limbs,  and  such  as  are  drawn 
on  both  limbs.  The  first  kind,  however, 
(coinprisincr,  for  example,  a  line  of  inches, 
of  chonis,  sines,  logarithms,  &c.)  are  not 
l»ocMlijir  to  the  sector,  but  are  merely 
plnctMl  there  for  convenience,  and  may  be 
nscil  whether  the  instrument  is  shut  or 
open.  Of  the  lines  repeated  on  both 
limbs,  the  prineipal  are  the  following: — 
1.  A  line  of  cunal  parts,  by  whieh,  with 
a  piiir  of  e'»in I  tastes,  we  arc  enabled,  on 
till'  j>rincij»le  that  siiuilar  triaiiLrles  have 
their  homolotrous  ^i<l^•s  proportional,  to 
find  a  third  proportional  to  two  given  , 


lines,  a  fourth  proportional  to  three  given 
lines,  to  diminish  a  line  in  any  given  pro^ 
portion,  &c.  2.  A  scale  of  ch'ords,  which 
enables  us  to  protract  an  angle  of  any  giv- 
en number  or  degrees,  to  find  the  degrees 
which  any  given  angle  contains,  to  cut 
off  an  arc  of  any  given  magnitude  from 
the  circumfeience  of  a  given  circle,  &c. 
8.  Scales  oi  sines,  tangents^  and  secants, 
whereby  the  length  of  the  tngonometrical 
lines  corresponding  to  a  given  arc  of  a 
circle  of  any  radius  are  determined.  4. 
A  line  of  polygons,  whereby  the  propor- 
tional length*  of  tho  side  of  any  regular 
polygon  (of  not  more  than  12  sir^es)  to 
the  radius  of  the  circumscribing  circle  is 
found. 

The  sector  may  be  used  in  trigonometry 
for  obtaining  a  rough  solution  of  all  the 
cases  of  right-angled  plane  triangles ;  and 
it  is  also  conveniently  applied  to  the 
construction  of  various  geometrical  pro- 
blems. 

SKGGAR  is  the  flre-day  cvlindrical 
vessel  in  which  earthenware  is  baked. 

SELENIUM,  from  LrA^vry,  the  moon,  is 
a  metalloid  principle,  discovered  by  Ber- 
zclius,  in  1817.  It  occurs  sparingly  in 
combination  with  several  metals,  as  fead, 
cobalt,  oopper,  and  (quicksilver,  in  the 
Ilarz,  at  Tilkerode;  with  copper  and  sil- 
ver {Kukairitf)  in  Sweden,  with  tellurium 
and  bismuth  in  Norway,  with  tellurium 
and  gold  in  Siebenburgen,  in  several  cop- 
per and  iron  pyrites,  and  with  sulphur 
in  the  volcanic  products  of  the  Lipari  Isl- 
ands. Selenium  has  been  found  likewi«e 
in  a  red  sediment  which  forms  upon  tho 
bottoms  of  the  lead  chambers  in  which 
oil  of  vitriol  has  been  made  from  peculiar 
pyrites,  or  pyritous  sulphur.  The  ex- 
traction of  selenium  from  that  deposit  is 
a  very  complex  process. 

Sereniuni,  afler  being  fused  and  slow- 
ly cooled,  appears  of  a  bluish-gray  color, 
with  a  irli-^teiiing  surface  :  but  it  is  red- 
dish-brown, and  of  metnllio  lustre,  when 
quickly  cooled.  It  is  brittle,  not  very 
hard,  and  has  little  tendency  to  assume 
the  crystalline  state.  Selenium  is  dark 
red  in  powder,  and  transparent,  with  a 
ruby  cast,  in  thin  scales.  Its  specific  gra- 
vity is  4-80.  It  softens  at  the  temperature 
of  176'^  F.,  is  of  a  pasty  consistence  at 
21 2^^,  becomes  liquid  at  a  somewhat  high- 
er heat,  forming  in  eloso  vessels  dark 
yellow  vapors,  whieh  condense  into  black 
"droj>s;  but  in  the  air  the  fumes  have  a 
cinnahar  red  color. 

SKMOFLK.  The  name  given  in 
Fraiiee,  and  used  in  this  country,  to  de- 
note the  large  hard  grains  of  wheat  flour 


fifiS 

ntaiiied  in  the  boltiD|-  macMne  after  the 
floe  flour  has  bven  pat^twd  tlironsh  ita 
mesheB.  The  boat  Beuioulo  is  obtaiueif 
from  the  wheat  of  the  noutlieru  nurts  of 
Europe.  With  the  semonle,  the  fine 
while  Parisino  bread  raJled  eraau  is 
baked.    SkiJfiil  iiiillera  rontrlvE  to  pro- 

' — B-gmineJ    whent    of    K«ple»    and 
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the  ATentine,  Pahoine,  and  CapitoliiM 

hiJiB.    ThehG]fcli[aiiU»idIhorthedoM)t 
mosiniB  are  equal,  each  meaaoring  lU 


TiMle^.  and  during 
have  been  added, 
'  under  contrsct, 
g  ISS  miles  in  all. 


IS  of 


in  yield  tl 


juioe ;  but  tlie  ^yii  officinalu,  which  ia 
BO  cuinnioD  ill  (be  Mcdilcrranenn,  is 
diicHv  Boujtht  after,  from  the  profiiaiun 
of  color  which  it  alTorda.  It  in  iiiiwitiible 
in  water,  but  ia  extremcl)'  dilfuxible 
tlirough  it,  and  ia  very  slnwiy  dcjioeitod. 
W  lion  prepared  with  caiiatic  Ije,  it  fomis 
a  bnnutiltil  brown  color  witli  a  Hae  sndii, 
■Dd  ha*  ffivcit  name  to  a  9)iei;ieH  ofdniw- 


B  and  otiier  hniiichvt 


arts.    The  lionor  nf_.._ _ 

BDpie  drawiiiK  is  due  lo  ProfsKsor  Si'id 
maan,  of  T>rcsdoa,  who  diacuvered  it 
Borne  in  ITTT. 

SRBGE.  A  doth  of  quilted  woolh 
extennively  mnimfiu.'turcd  iu  UcvouKh 
Bud  other  Eiii^ruth  eountieri. 

SEBPKKTINKisBmiiicralottheTnt 
n  icrcon  color;  il 


owed  ti  per  en 
roika  Before 
Hushed  t<V«- 
ileFS  at  ah  Kb 


the  fine  |  ul 


try  IB  at  llobukeu,  K.  J.,  luiJ  ii 

SEWER.     In  arch  it  pd  lire,  o  Bubler-  | 

andciiny  olTthe  auperfluoiin  water  and  I 
flithofadty.  Thcsewom  of  Komvluive  I 
been  the  moilela  of  llicise  of  tliu  niiHleni 
oiliea  of  EiiTopr.  Tlicv  are  nx  olil  n*  the 
elderTiimuin.  Tlii'ee  •'■litMi  Imd,  bctuYini 
tlie  Quiriiuil,  <.-iipi)'iliiiu',  uiid  I'ul<iliiic 
hilla,  niiuiy  brativ]iC!i,  wliivh  ji'iiiiiii:  in 
the  Fomiii.  now  tlie  Caiii|io  Vatviiii), 
were  reuuivod  for  ciiiivevuiii«  into  ilie 
Tiber   by  a  tanror  one  iiilJeJ  lliv  •■/•i.,i 


rircsont  ayate 

pointed  to  the  ofBee  ot  inapeclor  who  "s 
titiX  ^  practimt  raaiun^  and  in  the  ab^oiic 
of  jtrsotiiil  knowted^  a  cerliflcato  is  re 
quiri'd  that  tlie  Hpiijicant  has  served 
hreulnr  appreiilioeBhlp  to  thai  bueincM 
I  Thu  enre  of  the  department,  in  tiie  riiiii 


irmtlicrunemEJbT 
diameter  it  tne  b 
alter  the  ci 
newer,  but  chiim'B  greater  vi 

flii>  it  WKiild  etteetiuinv  do  if  the 
nrtnictit  »hotili[  mrry  out  the  plan  to 


bha] 


CYCLOPEDIA    OF   THR    USEFUL   ARTS. 


559 


cd  that  while  they  readily  receive  the  wa- 
ter as  well  as  the  inud  from  the  Burfaces 
and  giittcr«  at  every  rain,  the  contiimina- 
ted  air  is  ctfectualiy  prevented  from  rit*- 
iujr.  The  accnmiilation  of  dirt  in  these 
sluices  is,  in  some  localities,  very  great, 
two  hundred  loads  havin<:  been,  in  one 
instance,  taken  from  a  single  block  in 
Canul-street. 

The  depth  of  the  sewers  is  various,  ac- 
cording to  the  grade  of  the  street  or  dis- 
trict requiring  to  be  drained.  At  their 
termination  in  the  rivers,  they  are,  as  a 
general  rule,  between  two  and  three  feet 
below  high  water  mark.  From  this 
point  they  rise  with  the  average  grade 
they  arc  intended  to  drain,  till  they  reach 
a  nearly  unilbnn  rate  of  134  feet  below 
the  curb  stones.  In  some  instances,  how- 
ever, tljc  depth  is  17  feet  or  more,  where 
the  grade  ot  the  htreet  is  more  than  of  or- 
dinary height — the  object  being  to  obtain 
in  ench  instance  the  requisite  ar<raijr  of 
elevation.  For  the  ne«?c>sary  fall  of  wa- 
ter three  inches  in  10  feet  Ih  rcgnrded 
sMtficient — but  a  greater  rate  is  usuuliy 
allowed. 

In  connection  with  the  u>:e  of  Croton 
water,  the  sewei's  are  invaluai)le,  and  tlie 
full  benefit  of  the  Croton  could  not  be  ob- 
tained without  tliein.  To  perceive  tiiis, 
it  is  saireely  necessary  to  refer  to  the  fa- 
cilities afforded  in  batliinif-housc;*,  water- 
closets,  innnufactoric:*,  hotels,  and  other 
places,  where  lari:e  <|Uantities  of  water, 
more  or  less  impure,  must  tlow  oli'throuirh 
the  sewers,  or  render  the  atmosphere  un- 
wholi'sonie  by  heiu'^  di^charirel  U]>on  the 
surface  of  the  i;roinid. 

So  important  a  matter  is  it  now  rei'ard- 
ed  by  buildiTs  and  owners  of  lots,  tiiat 
scarce  n  buildin;;  is  now  c«»iMtnenced  with- 
out an  inquiry  tirst  at  t  he Cioion  Water  1  )e- 
partnieiit  whether  the  street  has  a  sewer, 
and  at  what  <h'pth  a  cellar  may  he  expei't- 
ed  to  be  drained.  This  is  the  more  irn- 
t)orlant.  since  bv  the  disuse  of  weIN,  the 
level  of  water  in  the  city  has  u'cnerally 
risen  to  a  lii;>dier  line  tliaii  formerly. 

The  cost  of  the  .'.-1  sewers  now  under 
contract,  to  be  completed  witliin  the  pre- 
sent vear,  is  about  1  ;'..'>. <>00  dollars. 

SK\VING-MA('in.\F>;.  Machines  of 
this  kind,  until  within  a  few  years,  have 
attracted  but  little  atti-nlion  ;  but  as  they 
are  lominj;  into  use.  and  arc  found  to  an- 
swer an  excellent  purj)ose,  the  inventor 
is  in'jcHiensly  exen-isincr  his  skill  io  h\\- 
prove  them.  No  less  than  five  patents 
iiav«»  been  granted  this  vi'ar  for  sewiriij- 
machines.  One  of  these  is  a  re-issue  of  a  ' 
patent  granted  some  jears  ago,  and  need  , 


not  be  noticed.  Two  of  the  others  are 
much  alike,  differing  onlv  in  minor  parti- 
culars. The  cloth  in  eacii,  with  its  edge 
properly  presented  to  the  needle,  is  se- 
cured to  a  proper  feeding  apparatus. 
The  needle  is  placed  perpendicular  to  the 
cloth,  in  a  frame  sliding  back  and  forth 
for  inserting  and  withdrawing  it ;  the  eye 
is  near  the  point.  On  the  opposite  side 
of  the  cloth  18  a  twisted  hook,  which  slides 
endwise  in  a  direction  nearly  perpendicu- 
lar to  the  needle  ;  as  the  needle  passea 
through,  the  thread  is  caught  by  the  hook 
ond  drawn  side  wise,  forming  a  h>op. 
When  the  needle  again  passes  through 
the  cloth,  it  passes  through  this  loop  also, 
and  the  hook  moves  forward,  releasing 
the  old  loop  and  seizing  the  new  thready 
forms  anew  loop  passing  through  the  ola 
one.  This  operation  combined  produces 
what  is  well-known  as  the  tambour  stitch. 
In  another  of  these  machines  the  thread 
is  carried  through  the  cloth  by  a  bent 
needle,  with  the  eye  near  the  point.  Th« 
shape  of  the  needle  leaves  a  space  between 
it  and  the  thread.  A  shuttle  upon  a  cir- 
cular way  on  the  side  of  the  cloth  opposite 
tiie  needle,  has  in  it  a  bobbin  of  thread. 
Tliis  shuttle  is  sharp  pointed  and  curved 
to  adaj)t  it  to  the  way,  and  as  it  moves 
arouiul  it  passes  through  the  opening  be- 
ween  the  needle  and  the  thread,  and  the 
nectUe  is  then  withdrawn,  leaving  a  loop 
of  its  own  thread  around  the  thread  of 
the  bobbin.  This,  if  continued,  will  pro- 
duce a  seam.  The  shuttle  is  driven  by 
two  arms  from  the  centre  shatl  with  pins  in 
their  ends  taking  into  perforations  one  in 
each  end  of  the  shuttle,  and  whenever 
one  of  these  pins  approaches  the  thread 
oftlie  needle,  it  is  raised  out  of  the  way 
and  the  shuttle  is  driven  by  the  other. 

Various  forms  of  these  machines  have 
V)een  I'atentcd,  such  as  Watson's,  Wil- 
son's, I.erow  and  Blodgett's,  Ac. 

SHAFT.  In  mines.  A  sliaft  or  pit  is 
a  prismatic  or  cylindrical  hollow  space, 
the  axis  of  which  is  either  vertical  or  much 
inclined  to  the  horizon.  The  dimensions 
of  the  pit,  which  is  never  less  than  32 
inelies  in  its  narrowest  diameter,  amounts 
sometimes  to  several  yards.  Its  depth 
may  extend  to  1000  'feet,  and  more. 
Whenever  a  shaft  is  opened,  means  must 
be  provided  to  extract  the  rubbish  which 
continually  tends  to  accumulate  at  its 
bottom,  as  well  as  tlie  waters  wliich  mav 
percolate  down  into  it  ;  as  also  to  liu'ilitate 
the  ilescent  and  ascent  oftlie  workmen. 
For  some  time  a  wheel  and  axle  erecte<l 
over  the  mouth  of  the  openiuL',  which 
scrvi'  to   elevate  one  or  two  buckets  of 
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nsion»,  mny  bo  iiifflcTenl  i 
le  pnrposw  ;  but  rneb  ■  ir 
lies    ere     long    itiailcqim 


iH  kind,  the  biiitdinp  in  wliich  tha 

vork  low,  coii3ii«d,  and  ill-vcoUtm- 

ted.     Each  msn  (for  no  women  work  at 


...jn  be  hwl  rcojurse  to  :  flud  effec- 

tiul  methotlB  of  Bupnort  must  be  employ- 
ed to  prevent  the  fiaet  uf  the  Bhait  from 
crnniUine  snd  blling-  donn. 

SHAfiBEEN.  A  Bpeeies  of  leather 
mpponed  formeriv  to  bave  been  prepared 
tmia  the  Hkin  of  the  ihagrM,  a  EptcjeB  of 
whale.  It  IB  prcpiired  from  lior>«  or  laa 
>kln,  iti  eraiialsr  appeaninee  being  given 
by  imbedding  in  it,  wiiile  soft,  (he  seedB 
of  B  Bpeelfw  of  cbenopodium,  and  after- 
vnrdH  nhnving;  dovn  the  anrfare :  it  is 
dved  with  the  jfrecn  produced  by  the  no- 
tion of  Aui'iirnTiioniau  on  copper  filiiics. 
It  wa«  form*rly  much  used  for  watch, 
apcetacle,  and  in«tniinent  coBca,  and  wua 
made  ohietlT  in  Ai-tracan. 

SHAMMV.orSHAMOY.  The  tanned 
or  tawed  akin  of  (he  Cliamois  )tost.  Any 
Boft  pliable  leather  now  passes  under  the 

BIIAWI^,  CASHMERE.    The  secret 

Torkine;  it  la  in  the  beuntiflil  wool  froui 
tliceoatBOfihe  Upper  Thibet,  the  equiil 
of  which  in  »oftne»i'  baa  never  vet  Iwen 
found.  The  eoata  live  in  liljrh  table-landu 
of  Tartary,  wlierc  the  cold  is  inteiiec,  and 
to  protect  them  fVom  the  piercins  blii»t  i 
of  winter  tliev  liavc  the  inidcr-hiiir  or  : 
"Po»hai,"  of  this  dcJicionsly  soft  ntid  , 
iTBrm  materint.  This  waul  in  bronirbt  j 
down  to  C'aBbmere  once  every  jrnr  by  | 
nicrchanlB.anJi'fpldtoilieKhuwI-tnnkera.  , 
After  thoroii|,'h  deaninir.  it  is  dyid  of 
vuriouM  colow;  tbo  dycra  poBscss  the  ] 
vcjcetulilo  or  mineral  inirrcdinilB  for  all 
the  enlorn  exn.'pt  irnvn,"  and  Ilila  tlHT- 
procure  from  Etifilish  green  biiizc  by  boif- 
intr-  The  color  thna  nbtnlned  is  n  most 
beuutiftil  and  ciidiirinc  one,  and  ia  very  ' 
much  prized  by  Unhaiiimcflaun,  bring  ' 
their  holy  color,  to  he  worn  only  by  dp-  : 
aecndanlB  of  the  Propbet.  or  tliow  who  , 
have  made  the  pilicriinnfre  to  Mecca.  I 
The  shawl  pnttcrna  are  drawn  upon  jQper,  ' 
veiT  minule,  and  with  the  jtreatcat  jiai'-  i 
aihic  aeeiiracy ;  fl(\y  nipeva  arc  Bonielitiipa  i 
paid  for  (he  mere  drawing  of  a  vcrvdab-  I 
orate  iwltcrn.  The  deulerain  Bhawls  arc  I 
theiwr-msafmcrchBntarc-idinfrinBani-  I 
bay.  Dellii,  Ijihom.  and  liavine  hniiieli  I 
eatiihlinhmenta  throufflioiK  Ania.  Tlie^c  . 
deulem  uivc  tlie  order  and  iiavflnit  the  . 


incbcB  loDj;,  '■• 
of  every  Korkii 


cure.    Thcsi-  -in.'li  yCv-^.  when  finished, 
are  made  ovi  r  ■■■  i;.(  ii^,>nl  or  dealer,  wbo 

ner,  to  judg,  ,.[  t1,i' L-viierul  effect— Ihev 


peitics  in  »oil..„i„t.  t)ii.  wwl.  and  bnnii- 
W  out  the  t:ri!M.„..v  ..r  th.-  color?  ^t 
fonnd  in  Bn;  ..rl..r  •['■■t.     V.-:\  \\n  jfopte 

ahawla,  aftc  -    r,l,  lo 

cnrrespondeiita  the  loral  men-huiita  pnr- 
chuBC  tliem.  Besides  the  slinwl,  tliets 
are  aevend  varieties  of  dresa  made  Ihim 
the  wool — ono  the  Ablwan,  perfectly 
pluin.  ofa  dirtv-wbile  drab,  andlitac  col- 
ors; the  texture  seems  delichlfnltv  soft, 
but  the  lanre  price  asked  for  n  piece  five 
or  six  vnrda  in  length,  aeemed  tar  above 
the  viihie.  The  shawl  mnnufucturc  above 
dci'crlheil  is  that  of  theircuuine  and  much 
priicd  kind;  an  inferior  sort  called  the 
•'  lo/uni,"  or  sewn,  is  that  in  which  there 
is  n  plain  groundwork  of  wool,  the  Ah)- 
wan  dvcd  of  aov  color,  upon  which  the 
Bh.iwl  iwttem  ia  worked  with  the  nce<lle. 
Many  of  ihesc  are  very  beautiful  in  ap- 
ticarance,  and  of  most  eleeent  puttenm, 

are almtwldestitntuof value.    The  "fuoi- 


IIEATIIING.  The  covering  laid  OD 
rlilp's  lH.iti.|n  to  defend  it  (W>m  tb« 
nu-.    Sh..,l-.(.l1bin  copper  nailed  on 


'  all  the  Iwtler  kinds  of 
sliccu  nsed;  and  large- 
cullctl  scupjier  nuila,  are 
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used  Btill  for  the  Bamo  purpose  on  the 
bottom  of  old  hulk9,  piles,  Ac.  Zinc  and 
different  compositions  have  been  pro- 
posed as  sabstitates  for  copper ;  ana  Sir 
H.  Davy  ingeniously  su^^extcd  the  up- 

Slication  of  pieces  of  zinc  or  iron  upon 
itferent  parts  of  the  copper  surface, 
which  by  the  action  of  the  sea  water  ren- 
der the  latter  metal  electro-negative,  and 
capable,  therefore,  of  rcsiAting  the  oxid- 
izing and  corrosive  agenoieH  of  the  sab- 
stances  held  in  solution.  The  pieces  of 
iron  or  of  zinc  so  applied  have  been  pro- 
perly called  protectors ;  but  bv  occasion- 
ing the  precipitation  of  earthy  matters 
upon  the  copper,  while  they  effectually 
jfToteci  Uy  they  render  its  surface  favo^ 
able  to  the  adhesion  of  weeds,  barnacles, 
<&;c.,  and  sometimes  to  such  an  extent  as 
to  interfere  with  the  passage  of  the  ship 
through  the  water :  upon  such  grounds, 
Sir  Humphrey's  valuable  suggestion  has 
been  neglected.  When  vessels  are  laid 
up  in  dock  the  protectors  are  in  Buccess- 
ful  use.  Sheatning  formerly  was  com- 
posed of  thin  fir  boards. 

SHELL-LAC.    A'ft?  LAC. 

SHINGLES.  In  architecture,  small 
slabs  of  wood,  or  quartered  oaken  boards, 
used  insitead  of  slates  or  tiles  for  covering 
churches  or  houses.  They  are  sawn  to  a 
certain  scantling,  or  rather  cleft  to  about 
an  inch  thick  at  one  end,  and  shaped  like 
wedges,  four  or  Ave  inches  broad,  and 
eiifht  or  nine  inches  long. 

SHIP- BUILDING.  In  merchantmen, 
the  primary  consideration  is,  to  attain 
the  greatest  capacity  to  carry  cargo,  com- 
bined, as  far  as  possible,  with  safe  and 
ea.'*y  movements,  and  rapid  sailing.  In 
this  way  Atnerican  builders  have  suc- 
ceeded in  unitinsr  conflicting  desiderata  in 
a  degree  heretofore  deemcrl  impossible. 
Our  packet  ships  carry  enormously,  while 
their  extreme  siveed  has  reduced,  by  half, 
the  piissjiffe  to  Europe. 

The  jrreatest  breadth  must  always  be 
before  the  centre,  and  consequently,  the 
bow  be  more  blunt  than  the  stern.  The 
best  buthlers  place  this  point  only  one 
third  of  the  length  from  tlie  stem.  Ex- 
perience proves  that  it  is  essential  to  fa- 
cilitate the  escape  of  the  displaced  water 
along  the  side  of  the  vessel;  for,  when 
once  a  passage  is  opened  for  the  ship,  the 
fluid  tends  to  re-unite  abaft  the  ponit  of 
greatest  breadth,  where,  instead  of  offer- 
ing resistance,  it  presses  the  ship  forward 
in  its  endeavor  to  recover  its  level  and 
fill  the  vacuum  constantly  opening  be- 
hind her.  A  log  tows  infinitely  en>ier  by 
its  bigger  end ;  and  we  find  a  concurrent 

til* 


testimony  in  the  forms  of  the  finny  tribes 
which  divide  the  element  they  move  in, 
by  a  shape  gradually  diminishing  from 
bead  to  tail.  There* is  a  farther  advan- 
tage in  having  the  bow  fall  towards  the 
eoge,  that  it  may  check  descending  into 
the  waves,  not  abruptly,  but  gently: 
pitching  being  the  most  dangerous  to  hull 
and  spars  of  all  movements.  Sharpness 
towards  the  sternpost  is  vitally  essential 
to  fast  sailing.  Stability  increases  as  the 
cubes  of  the  breadth  ;  hence,  by  adding 
one  Quarter  to  the  breadth,  yon  gain  a 
double  stability,  and,  by  consequence,  a 
capacity  to  bear  twice  as  much  sail,  with 
but  one  fourth  of  increase  in  the  resist- 
ance. The  pressure  of  the  water  increases 
in  descending  from  the  surface,  and,  from 
this  cause  and  the  augmented  difficulty 
of  displacing  it,  the  resistance  offered  to 
a  ship,  in  advancing,  is  three  times  as 
great  at  the  lower  as  at  the  upper  half  of 
the  immersed  section.  An  extreme  in 
breadth,  as  in  length  or  depth,  is  also  dan- 
gerous, and  both  extremes  are  to  be 
equally  avoided. 

The  builder  forms  a  half  model  of  his 
proposed  ship,  making  it  a  quarter  of  an 
inch  to  the  foot.  Moulds  are  then  form- 
ed of  all  the  different  parts.  In  these 
United  States,  where  there  are  abundant 
supplies,  builders  confine  themselves  to 
live  oak,  pine,  chestnut  locust,  and  cedar. 
The  tree  should  be  taken  in  the  second  era 
of  its  growth,  when  it  has  attained  matu- 
rity, without  approaching  the  period  of 
decay.  It  shouia  be  killed,  by  removing 
a  ring  of  bark,  at  the  beginniiig  of  winter, 
when  the  sap  is  down,  and  left  to  dry  ana 
harden  before  it  be  cut  down. 

In  laying  down  the  keel,  great  care 
must  be  taken  to  preserve  its  perpendic- 
ularity, for  which  purpose  it  is  pinned 
with  treenails  on  eitner  side  of  the  blocks : 
also  in  raiding  and  propping  the  stem  and 
stern,  and  every  ])iece  of  the  frame.  As 
the  floor  timbers  are  the  great  connecting 
principles  of  the  ship,  to  which  they  bear 
the  same  relation  as  tne  ribs  to  theoody, 
too  much  care  cannot  be  taken  in  selecting 
and  securing  them.  Sometimes  the  frame 
is  made  completely  solid  and  calked  ;  and, 
in  this  case,  the  interior  covering  of  plank 
is  disfiensed  with,  excepting  a  few 
strengthening  streaks. 

The  plank inj?  does  not  merely  serve  to 
exclude  the  water,  but  to  protect,  conned, 
and  bind  harmoniously  together,  and  is 

?nitc  as  essential  ns  the  skin  to  the  bo<ly. 
t  is  one  of  the  nicest  arts  of  the  builder 
so  to  carry  up  his  plnnkinfr,  a»  with  little 
waste,  to  keep  his  scams  always  fair  with 


the  wiUr-linra.  When  it  in  ottentTy  to 
beml  m  pluik  *t  tbe  bow  or  tlern.  it  i« 
heaWd  b;  slvam,  and  thea  Torceii  into 
plm-c  with  Krewg  and  levers.  All  beinv 
comijlele.  liio  OBrpeiiter  niskcB  room  for 
tbe  talker,  who  carefully  stops  nil  the 
■esms  witb  Mkiim,  and  snieant  tliem  vitb 
pitch.  TliB  MTSpcr  follows  tlie  talker. 
Sbeathiiig  with  wood  is  practised  with 
iron-fiislenedsliiffl,  liecHiwe  copper  oiuBes 
tlie  bolt-heads  to  corrode,  it'phiced  affiiinst 
tliem.  it  cuhbIsUi  in  covvrin)(  the  bottom 
with  pine  boards,  ilicetn  t>f  [Htper  soak- 
ed in  hot  pilcli  beinic  placed  between. 
Two  vnrictiD»  of  sails  are  principally  in 
use-the  square  ri^r,  and  tlie  Ibni-anJ-aft 
sail.  In  the  ^«««<-Kf,  square  ™ls  ore 
attached  to  Jurds,  wlioso  primitive  posi- 
tioa  is  at  ri^ht  angles  to  the  inasta  and 
to  the  plane  of  tbe  keel;  but  nhich  are 
tree  to  move  round  the  mast.  In  the 
/ore-and-n/l  rip.,  the  priniilive  posiliou  of 
tbe  soil  is  in  the  plane  or  (he  Keel  i  and 
the  uil  ia  extended  at  the  Inpnud  bot- 


np  and  down  it.  Coniuiou  to  both  o( 
these  rigs  arc  the  head  Muls  or  jibs— 
whicb  ire  tnaugular  in  shiqu  and  extend- 
ed from  the  bowsprit  to  Ihuforeniastlicad. 
In  the  naval  service,  the  Jirit  '■■''  '•'  • 
■hip  of  the  line  of  one  hundri^l 
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the  sides  bvtruiMiiia;  is  the  kscl  roma 
and  unites  the  Iwttom  bT  timbers.  The 
keel  is)[BnersllT  eomnosei)  ofeeveral  thM 

Eieces,  ])laced  lenftthways,  which,  alYer 
eitiC  Jinrlwl  loEcther,  are  bollcil  and 
dinclied   npnn   llie  upper  side.     When 

I  be  procured    lonit 

ifflrieni  dejrth  to  the 

:tom,  ealWd  (he  li^ 


enough  tn  otford 
keel,  thcro  is  a  si 
ber  bolted  to  the 


upwiirds,  havii 


is  of  II 


rsof 


guns.  The  titles  aith-fui,  hrit/',  ivrnil'i, 
and  fHttrft,  are  applied  to  Ihc  siiiuiler 
mu-f  of  vposel".    In  the  incrvlnint  «r- 

ri'^^rd;V'£'A^liJ'^t-.l'l'lTrcen.i.stl'."p 

zcn-nwHt.  A  l-fi'j  liiis  two  mnsts.  and  is 
aqiiure  ri-tired.  Ahri'jiiHliuforli>rnu}/iliiii- 
..:...^».i  ^^  •!...  «-..».    .....1   ^^.^  .....I  ..iv^  .-V. 


Li  'fo'r*-niid-i.lVX-::c'd.""  *  '""■  '"''*''  ""* 

irwe,-.mi^irctl,.---^,r,„..  ,-(■.,  -Irp  •, 
thcRkcli-lniiol'ilM.  Iii^r: K    rh,   I,, 


Scppins 


icteriied  the  pre- 

w-iit  i.tiiiiirv.    Several  Urge  ships  liave 
alniLdy  litcn  rebuilt  Bt  CbMbam  on  hia 

Er>iji'i|iii',  ruid  orders  havelieen  giten  far 
^jililinir  '^cs'cral  now  ahips- 
l~i.  T!i^rni>neors.T4gan  ship,  nwd 
to  Ik'  farmed 'if  morv  than  800  dilli>r«nt 
tiniViT".  placed  at  ridhl  iinelea  to  the 
keel,  wliicli  may  be  considered  as  the 
h!ii'k-iioi>e  ot'  all  animal,  and  the  Avmc- 
tiinlicrs  iis  rlls.  Each  rib  Is  compoced 
or-ciiiinitc  i.ii.f-,  ..(■  llic  IlLi.hiieMof  I* 

illi'bci.orti ■-.     v.  ■  . .  .  r.  il,,.  so- 

'eraldiii 


Imy.    The'Vii" 
colored  with  plou 


rctil  thick- 
fleure,    the 

•s»  Biilistnnw,  from  tbe  exlrenie  ctids  of 
I  them  to  Ihe  keel  or  back-boiic.  The  in- 
!  side  oflhc  tViinic  won  also  atinosl  entirely 
I  liiieil  with  planks;  wiliiin  which  is  «n- 
.  otiicr  |iurtial  mngc.  as  it  were,  of  interior 
.  rilw,  at  n  considenble  distance  from  each 

other,  Icniied  ridcn. 
]      ndly.  Aeross  this  thime  were  pieees  of 
t i In licr  lulled  beams,  nnited  lOECther  so 
iistK  be  of  siifllcicnt  Icufc-th  to  reach  from 
one  Ml-  cif  the  ship  lo  Ihe  other. 
Fruiii  tlii<  nciHiiinl,  it  will  be  pereeived 


iirly  at  riirht 
.■■t-r.  AiKi  (his  disTioi- 
II  known  (o  be  the  weak- 
r  Ri.  in  a  nhip,  the  im- 
hii'h,  snbjeet  lo  violent 

vnce  in  the  fore  and  «f- 
iihIv,  lo  that  of  tlie  mid- 

II  74  nan  ship  beinr  ITO 
iig  or  that  length,  how- 
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ever  thick,  or  in  whatever  way  joined  or 
pat  together,  mast,  under  the  preseat 
syBtem,  bend  with  its  own  weight.  The 
fastenings,  and,  conseqaeatly,  the  oon- 
nection  of  the  several  parts  of  the  fabric, 
must  therefore  saffor  from,  the  want  of 
gtlfneMf  and  a  change  of  form  is  the  con- 
sequence. 

This  may  be  shown  by  nutting  together 
four  pieces  of  wood,  ana  then  securing 
them  with  iron  pins  in  tlie  form  of  u 
square;  which,  on  the  least  pressure, 
may  be  made  to  change  its  form  to  the 
rhombus ;  but  let  anoUier  piece  be  fixed 
to  it  duwonallj/y  and  the  fiurure  of  the 
frame  will  be  found  immovahl^.  Place  a 
bar  in  the  middle,  parallel  to  two  of  the 
sides,  and  secure  it  firmly  by  iron  pins ; 
still  the  figure  will  easily  be  n'lovcd  by  the 
hand,  10:4  a  parallel  ruUr^  and  assume  the 
rhomboidat  sliape ;  but  apply  to  the  frame 
what  the  carpenters  tenn  the  bract,  as  in 
a  common  field-gate,  and  the  figure  will 
remain  immovable.  And  if  this  brace  or 
diagonal  piece  is  not  fixed  to  it,  the  outer 
part  of  the  gat«  (or  tluit  part  most  dis- 
tant tromtho  hinges)  will  have  a  constant 
tendency  downwards,  until  at  length  it 
will  reach  the  grt")und. 

The  substitution  of  tht  triarujle,,  or 
brace,  for  the  rectangle,  comprehends 
theprincipU  qf  th^  iieic  ttyxtem. 

The  arrangement  of  the  materials  in 
the  triangular  mode  is  such,  that  the 
pieces  disposed  horizontally  are  acted 
upon  as  ropes  by  a  strain  of  the  fibre, 
whilst  the  other  parts,  composing  a  series 
of  triangles,  are  pressed  upon  as  pillars; 
in  other  words,  tno  pressure  acts  in  the 
direction  of  the  fibres  of  the  wood : 
whereas,   upon   the   rectanj^ular    or    ola 

f)lan,  the  fibres  arc  acted  upon  transversc- 
y,  or  across  the  j^min,  in  the  same  man- 
ner as  a  stick  is  when  placed  across  tlie 
knee,  and  pressed  by  the  hands  at  each 
end,  wliirh  first  beiuls,  and  then  breaks. 
To  prevent  any  transverse  action  upon 
the  fil»re  of  the  limber  is  one  of  the  ben- 
efits arising  from  the  new  system,  and  to 
itnpode  a  lontfitudinal  extension  of  the 
structure,  is  another.  In  a  word,  the  /tt/s- 
t'/n  of  tr'uinnltit  is  so  constructed,  in  con- 
jiiiK'tion  with  the  planking  of  the  ship,  as 
conjointly  to  possess  that  propertv  of  a 
tri:in<:le  alroauy  explained,  viz.,  that  Us 
ti'j'irr  is  UH  HiKiltf  ra^'lr  as  the  i\)mprc<si'm, 
or  irten'ii'm,  of  the  fibre  of  tiinfxr  iciU  ad- 
mit it  //>  b^. 

There  is  considerable  ilitfcren^e  in  tlie 
details  of  ship-bnildiiiir  as  carried  out  in 
the  I'nited  Slates  compared  with  that  of 
England.     h)ven   the  technical  terms  of 


the  art  differ  in  the  two  ooontries.  Few 
vessels  here  are  built  fV'om  the  draught. 
In  Earope,  the  line  of  flotation,  or  the  in- 
scribed line  at  the  surface  of  the  water, 
is  called  the  first  water  line,  or  load  line, 
and  as  they  descend  the  figures  increase. 
In  this  country,  the  lowest  water  line  is 
denominated  the  first,  and  the  numbers 
increase  as  wo  ascend. 

Mr.  Pook,  naval  constructor  at  Charles- 
town,  Mass.,  has  discovered  an  ingenious 
mode  of  determining  the  capacity  of  ves- 
sels, which  is  of  ready  application^  and  is 
adapted  to  all  descriptions  of  fVeighting 
vessels;  sharp  vessels,  and  our  ocean 
steamers  are  exceptions,  however,  to  its 
application.  The  rule  is;  from  90°  de- 
duct the  angle  of  the  fioor,  or  the  degrees 
of  dead  rise  ;  nuUtiply  by  -0075,  the  quo- 
tient is  the  decimal  lor  capacity.  Multiply 
the  length  bv  the  breadtn,  and  that  pro- 
duct by  the  depth,  from  the  bottom  or  the 
garboard  to  the  load  line,  and  the  last  pro- 
duct by  the  decimal  of  capacity,  and  divide 
by  3.5,  the  quotient  is  the  capacity  in  tons. 

The  navigation  laws  of  this  countr)* 
have  a  very  injurious  efl'ect  upon  ship- 
building, by  building  for  tonna^  rather 
than  for  quick  sailing.  A  short  time  since 
it  was  t  bought  necessary  for  a  ship  to  draw 
more  water  aft  than  forward,  in  order  to 
obey  the  helm  readily,  and  this  was  made 
to  appear  on  the  water  lines  by  the  latter 
dipping  considerably  lower  than  the  for- 
mer. This  practice  has  grown  obselcto, 
and  parallel  water  lines  are  used.  Mr. 
Griffiths,  in  his  work  on  Marine  and 
Naval  ArchUMarty  remarks,  that  the  idea 
would  have  been  regarded  as  preposterous 
of  building  a  ship  deeper  forward  than  aft, 
but  such  is  the  present  practice  of  New 
York,  where  it  was  first  introduced,  and 
the  results  have  proved  most  satifactory, 
ships  having  been  built  in  this  city  hav- 
intr  from  3  to  5  feet  of  ditference  in  depth 
at  their  ends,  which  adds  greatly  to  their 
appearance  as  well  as  their  performance. 
Stability  of  vessels  in  water  is  desirable, 
but  to  what  this  projxjrty  is  due  is  not 
vet  decided.  It  is  in  part  due  to  the 
breadth  of  the  vessel  compared  with  her 
general  dimensions.  Thus,  increasing 
the  beam,  or  a  less  proportion  of  tlepth, 
increases  the  stability.  The  steamer 
Geor^ria  is  the  widest  vessel  of  her  ciitss, 
except  the  Great  Britain,  but  yet  is  one 
of  the  easiest  vessels  in  her  motions  that 
floats.  She  is  ?>  feet  wider  than  tlie  Ohio, 
and  wider  than  any  of  the  Collins  line, 
which  arc  much  larirer  than  the  (leoriria. 
The  Tunard  steamers  arc  narrower, 
though  longer  and  de<'per.     The  Americ-a 
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and  Earopa  have  bat  88  feet  of  monlded 
beam,  and  the  Canada  )iut  891  feeL  while 
the  Georgia,  with  ten  more  feet  or  beam, 
has  more  practical  stability  than  any 
European  Bteamer.  What  is  true  of 
steamers  is  true  of  ships.  They  may  be 
built  so  long  and  so  wide  that  the  motion 
of  the  sea  will  not  be  felt,  that  is,  they 
will  neither  roll  nor  pitch. 

An  easy  or  light  draught  of  water  is 
essential  to  speed,  and  therefore  to  river 
navigation ;  it  is  generally  looked  for  in 
Rhni^)C,  whereas  it  probably  should  be 
soujfht  in  the  nature  of  the  material  aud 
in  the  density;  very  light  draught  iron 
boats  are  8U{>erior  to  wood.  Other  cir- 
cumstances concur  to  favor  the  use  of 
iron,  such  as  the  rapid  rotting  of  the  tim- 
ber of  the  West  Indies,  South  America, 
and  even  of  that  of  our  Southern  States  ; 
hence,  for  low  latitudes,  where  ventila- 
tion is  not  perfectly  effected,  iron  ships 
are  more  dtimble.  The  cost  of  iron  is, 
however,  25  per  cent,  more  than  that  of 
wood.  But  tne  saving  afterwards  effect- 
ed is  an  ample  compensation.  The  wa- 
ter tight  bulk-heads  would  be  a  valuable 
adjunct  in  Mi-Hsiftsinpi  vcs!*els.  These 
prevent  the  boat  rrom  sinking,  even 
though  a  part  be  snagced  and  full  of  wa- 
ter. The  "Keindeer,"  on  the  Hudson 
Eiven  is  a  model  of  speed  even  among 
the  fast  sailing  vessels  of  that  river. 
{See  Steam  Navigation.)  She  was  built 
by  Mr.  T.  Collyer,  in  1850.  She  is  not 
the  largest,  but  is  the  fastest  wooden 
steamer  in  the  Northern  States.  Her  di- 
mensions are,  length,  260  feet;  breadth, 
84-08  feet;  depth  amidships  from  bare 
line  to  deck  line,  round  of  rxjam  deduct- 
ed, 9*75  feet;  area  of  her  inunersed  mid- 
ship section,  119  square  feet.  Diameter 
of  the  cvlinder,  56  inches  ;  stroke  of  pis- 
ton, 12  teet ;  diameter  of  the  water  wheel, 
84  feet;  face  of  wheel,  9  feet  0  inches; 
width  of  the  bucket,  24  inches;  calculat- 
ed dip,  9  inches.  Vertical  beam  eiifj^ino. 
Balance  valves  with  Stevens'  cut  otf. 
The  weight  of  the  boiler  is  S7,4s7  lbs. 
Weight  of  the  boat  at  4  feet  draft  of 
water,  147  tons  417  lbs. 

In  river  steamers  there  should  he  a  due 
relation  between  the  proportion  of  the 
boiler  and  the  wheeU.  When  the  liittcr 
Uirn^  fa.st  enoutrh  to  reduce  the  pressure 
in  the  boiler,  there  is  either  more  wheel 
or   more    boiler   retjuired.     Mr.    Stevens 

Eroposes  to  inereasc  the  speed  of  sUaiii- 
oals,  bv  interposiii'j  a  stratum  of  air  be- 
tween the  tiat  surface  of  the  l»ottoni  ninl 
the  water.  Mr.  S.  has  ell'ccted  little  with 
this    himself,    althou>:h    ho    has    built    a 


vessel  little  inferior  in  speed  to  mtv^ 
wooden  boat  of  equal  length  on  the  Hud- 
sou,  viz.,  an  iron  boat  of  280  feet  long, 
an<^  unusual  shape. 

Ocean  steam-ships  for   speed  require 
to  have  their  bows  made  very  stuu^,  m> 
that  even  at  the  highest  speed  even  the 
smallest  resistance  oe  not  generated.    A 
full  bow  generates  resistance,  and  to  drive 
that  form  of  bow  on  with  increased  force,  ia 
only  increasing  the  resistance  and  the  dif- 
ficulty.   When  it  is  very  sharp,  however, 
she  has  no  buoyancy,  and  bccomee  very 
wet,  or  liable  to  ship  seas.    If  speed  be 
required  in  ocean  steam-ships,  they  must 
have  lenirth.    The  steam-snip  Georgia, 
already  alluded  to,  is  the  quickest  sailing 
steamer  in  the  United  States.    She  hua 
the  small  end  ahead,  and  has  run  Kkh) 
miles  within   60  consecutive   hours,   or 
equal  to  400  miles  per  da^.    Her  mean 
load  line  of  draught  is  16  teet^  beimg  all 
that  is  available  in  ruuuing  to  New  Or- 
leans. 

The  coasting  vessels  of  the  United 
States  combine  great  variety  of  shape 
and  dimensions.  There  are  vessels  buill 
of  considerable  size  which  run  on  a 
draught  of  8  feet,  and  from  that  up 
to  10  feet,  and  are  on  account  of  their 
breadth  tiie  most  stable  vessels  in  the 
world.  Some  have  a  centre-board  or 
movable  keel ;  some  have  a  deep  keel ; 
some  have  no  ceutre-board,  and  a  small 
keel.  There  are  a  large  class  of  ve.«4sel!» 
built  in  New  England  principally  for,  and 
emraged  in.  the  lumber  trade,  which  not 
unfre«iueutlv  carry  from  one-iialf  to  five- 
eiirhths  of  tlieir  cargo  on  deck.  Almost 
nil  the  yellow  pine  timber  brought  fn^m 
the  south  comes  in  these  vessels.  The 
timber  which  is  in  the  log,  and  very 
lonLT  (55  to  75  feet),  is  carricti  on  deck, 
while  the  shorter  lengths  areUiken  in  the 
hold,  through  aluml^er  port  cut  in  the  bow 
imuieiliately  below  the  deck.  Their  srreat 
fault  is  lowness  of  the  bow,  rendering 
ihein  BO  liable  to  ship  seas  and  get  wreck- 
ed. 

The  famous  Baltimore  clippers  arc  now 
bc'Mi/  superseded,  as  beinir  too  small — 
the  incre;u-cd  speed  not  making  tip  the 
ditferenee  in  dimensions.  Thev  arv  n\>o 
too  deep  for  the  coasting  trade  of  this 
country.  Clipj-er  ships  ut  lurtre  size,  with 
coniparativily  K->s  draft  of  water,  are  now 
l)einir  built  to  a  creat  extent  alonu  the 
eu-iern  coa.-ls.  f.^pt'.ially  in  this  city  i  N. 
V.)jind  in  M;iine.  The  pilot  boils  are 
not  only  the  best,  but  the  rf'te**t  vessels 
on  our  coist.  These  are  verticoJJy  sharj 
in  their  bows,  and  thus  part  tlie  water 
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while  Tessels  with  ronnd  bows  ride  over 
it.  One  of  thege,  the  Mary  Taylor ^  bailt 
by  Mr.  S.  Steerw.  of  New  York,  is  looked 
upon  as  the  nioael  craft  of  this  kind  of 
ve99el,  and  has  far  Biirpaaaed  the  expecta- 
tion of  her  owners. 

The  river  sloops,  rigged  like  English 
cutters,  are  also  veiy  fast  sailing  vessels, 
and  carry  on  much  of  the  inland  com- 
merce of  this  coantrv.  They  are  chiefly 
employed  on  the  Hudson  and  East  Kivcrs, 
(N.  YI)  in  carrying  freight  Their  great 
breadth  enables*  them  to  carry  enormous 
deck  loads.  The  round  of  the  deck 
transversely  exceeds  that  of  any  other 
kind  of  veA^el,  being  often  more  than  12 
inches  in  26  feet. 

During  the  present  year  (1851)  a  tri- 
umph of  American  over  English  ship- 
building has  been  achieved,  in  the  CHse 
of  the  yacht,  the  schooner  ^wi^rksa.Suilt 
and  owned  by  Mr.  Stcven»,  of  New-York, 
which  sailed  for  and  obtained  the  prize 
(value  £100)  of  the  Royal  Yacht  Club  of 
England  at  the  regatta  which  came  off  at 
Cowes  on  22d  August,  1851.  The  yacht 
came  in  S2  minutes  ahead  of  the  foremost 
English  vessel.  8]ie  has  since  been  sold 
for  125,000,  beinj?  about  $.'5,000  more  than 
it  cost  in  New-York.  She  has  a  clipper 
build,  with  alow,  black  hull,  and  twomasts 
of  extreme  rake  without  extra  rope.  Her 
bow  is  very  sliarp,  and  scooped  away 
outward,  swelling  toward  the  stern.  The 
side.-^  gradually  spring  outward  till  a  little 
forward  of  the  mmnmost,  where  she  has 
her  greatest  beam,  being  22  feet  8  inches 
there.  The  stern  is  broud,  wide,  and  full, 
affording  great  accommodation  above 
deck  ana  below.  iThe  bulwarks  are  not 
higher  than  10  inches.  Standing  at  the 
stern  and  looking  forward,  the  deck  is 
nearly  of  a  wedge  sliape,  or  like  the  sec- 
tion of  a  carrot,  the  bow  being  as  sharp 
&A  the  apex  of  a  triangle,  and  the  stern  be- 
inir  little  less  than  the  extreme  brciulth  of 
the  beam.     She  is  of  171  tons  burthen. 

It:  the  year  ending  June,  ISoO,  the 
nierc'liant  ships  which  lett  j»ort  in  the 
I' lilted  States  nnionntcd  to  13,195,  of 
which  8,379  were  American,  and  9,816 
forciu'n.  The  tonnage  of  these  vessels 
was  4,361, 2(>2  tons.  From  New-York 
uloiip  the  iHuiihprof  shi]>s  cleared  was  not 
IcsH  tlian  2,^1  S  of  l,lor,,07o  tons.  In  1S50 
tlicrc  were  built  and  launched  fron>  New- 
York  28  steamships  and  30  sailing  ves- 

Hc]>. 

The    following    statement   shows   the 
number  and  tonnage  of  the  vessels  built  i 
in  cacli   state  and  territory  of  the  United  , 
Slates,  for  the  year  ending  on  the  SOlh  of  ] 


June,  1850.  It  is  taken  fVom  the  Report 
of  the  Secretary  of  the  Treasury,  trans- 
mitting the  annual  report  of  the  Kegister 
of  the  Treasnrv  of  the  commerce  and 
navigation  of  the  United  States  for  the 
ftocaTyear. 

Of  the  vessels  comprised  in  the  table, 
there  were  two  hundred  and  forty-seven 
ships,  one  hundred  and  seventeen  brigs, 
five  hundred  and  forty-seven  schooners, 
two  hundred  ard  ninety  sloops  and  canal 
boats,  and  one  hundred  and  fifty-nine 
steamers.  The  largest  number  of'^  ships 
built  in  any  state  was  one  hundred  and 
twenty  seven,  in  Maine ;  and  the  largest 
number  of  steamers,  thirty-four,  in  Ken- 
tucky. The  largest  tonnage  set  afloat 
during  the  year  is  that  of  Maine,  and  the 
next  larfl^est  of  New-York.  Of  the  one 
hundrea  and  fifty  vessels  built  in  Mary- 
land, one  hundred  and  twenty-five  were 
schooners. 


SUtea. 

V«Mel«BiiUt.'  Totid  Tomiacv. 

5Iaine 

326 

10 

\ 

131 

14 

47 

224 

67 

186 

16 

150 

8 

34 

33 

5 

2 

3 

» 

34 

6 

13 

31 

14 

I 

2 

91 4211  73 

New  Hampshire 

Vermont 

6,914  32 
77  41 

Majiaachusetts 

Rhode  Inland 

Connect  icui 

New- York 

36.836  M 
3,587  16 
4^19  79 

58,34'2  73 
6,201  68 

2M09  93 
l^S  92 

16,061  80 

2HH  17 

ZJifii  04 

New-Jersey 

Pennsylvania 

Delaware 

Maryland 

DiNtrict  or  Columbia . 
VirginiJi 

North  Carolina 

Geonria 

2,661  69 
683  82 

Florida 

Alaba  ma 

79  75 
113  66 

Louicinna 

1,692  38 

Kentucky 

6.460  69 

MJNWMiri 

1,363  82 

Illuioifl 

1,691  21 

Ohi<» 

6.V>14  62 

Michigan 

2,061  63 
106  64 

TCXHH 

Oregon 

122  42 

Total 

1,.360 

272.218  51 

SnOT.  Under  the  article  Lead-Shot 
has  been  ^iven  the  usual  process  for 
manufaotnrinp  this  substance. 

It  is  well  known  that  for  a  number  of 
vears  past,  all  otir  nhot  for  fowlinfr-picces 
has  been  manufactured  by  dropping  the 
molten  lead  a  jrrent  distance.  For  this 
purpose  tJiU  towers  wore,  erected.  An 
niveution  hns  been  patented  VM)th  at  home 
and  abroad,  by  Mr.  David  Smith,  of  this 
city,  dc:iigncd*  to  make  the  shot  in  any 


ovcLOPBDiA  ur  ni>  ubbvul  i 


baiMtng,  to  obvliM  tbo  neccns  ly  or  aBUig- 
tiUlovera;  lh<  prioeiple  of  the  a  on  on 
1b  highly  ingBnions,  kad  aH»iBt»      dnv 

tian  lo  tha  iBlling  leid,  wlii<>  moib  ued 
with  the  velui'ity  of  tbe  falYmg  lead  rrom 
a  low  height  (about  50  feet)  w  oo  th 
meul  »■  well  u  if  it  fell  IVani  a  tcreU 
hciKlit ;  the  velncity,  accord  ng  o  he 
file  of  that  desired,  being  the  cau  e  of 
this. 
SHUTTLE.     An  iDHtnimeiit       od  bj 

taine,  so  iw  1«  make  it  farm  II  e  woofs  of 
■tii9>,  cloths,  hnen.  and  other  abncH  b 
llirowitig  the  shattlo  nileruacc  y  fron  o\ 
to  right  and  from  rielit  to  left  o  o«  be 
tweeh  the  threads  of  the  warp,  wb  h  are 
■tretclied  out  lenirthwise  ou  he  oo 
In  the  middle  of  tbe  shuttle  io  a  k  nd  of 
aavily.called  itseyeor  cliumbe  aw  h 
is  enolosed  the  fp'i'il,  which  is  putof  ha 
thread  dcHtiiied  for  llie  woof. 

6IEK1TE  is  a  grnimlor  amr  efni  d 
eomponnd  rock,  eotisiiling  of  li  1  iiir 
and  tiornblendc,aomctiinc9  III  w  I  a 
little  quurti  and  mica.  The  I  b  da 
is  the  eharacteriatlc  in(cred  ent,  and 
servcstodistineniaii  sieulle  fn  grtm  e 
with  which  it  hull  been  some  mes  con- 
founded ;  though  the  Jeldsnir  wh  c  r 
generallj  red,  la  tbe  mora  aliiindaiit  cou 
Btitueat.  The^yntiiinsiciiilc  ci>utuiu 
tng  but  litlh  honibleude,  with  a  itood 
deal  of  qiuiru  and  iiiiva,  apprraches  most 
nearly  lu  ignite.  It  is  viiuall}'  nietallire- 
rnns  with  porjiliyrj' ;  in  Iliu  Islsiid  of 
C'ypnu,  It  ill  ricli  In  copper ;  and  in 
ti :.  — ■—■IB  mimj- valuable  gold 


iiilD  fiiniis  a  considemblc  port  of  tlic 
I  of  Ktulcn  Islnii.l.  It  lukm  ile 
from  the  cilyorSyi^        ■      "     " 


■N.',  aiidwn«iini«.rtcdliilnra 
■mill  >Vypt  l.y  ilm  Koiimiis 
ilCL'iiiral  mill  slatuury  JcL-oru 


SlUf.\  una  SILICON".  Silimwiwiill 
lately  nu.k.d  aniens-  the  CHrlln  iToi-r : 
but  sine,,  U...  r,MPuri.-he,i  -i  DaVv  'mid 
](cr^eliu^  it  lni»  li,-,-ri  tran-^fiTr.',!  'to  lii,' 


«    II 

an.        ouch  water,  fllteduff, 

I 

"  ca"i?5fi?"S 

e 

obUimci  ia  ao  light  as  to  ba 

«    h  Ibe  least  breath  of  nr. 

•c       re  conveolently  procar- 

\,   S  »i.ig  ground  aiut  with 

»  w  ght  of  a  mixture,  in 

f  iry  oirhonala  of  potaaaa 

0      oda,  in  a  platinum  or 

The  alkaline  nrbunatee 

Hn   f^ied,  and  the  flint  pow- 

d 

k        It      the  liquid,  B»  loiig  aa 

al    «  cd  to  cool,  diaa^ved  in 

d, 

u    a  id;  the  aolntion  is  to 

HI  d       aporatad  to  dryncxa; 
raw   haliltlomuAtiOwdd, 

.^        ron  and  alumina  that  may 

b 

e  twiish^d  with  hot  walM, 

d 

ned   w  d  igniled. 

r 

™  0  of  poUMSa  and  aoda 

po  nd  called  noloble    glaaa. 

«i 

,1         olutiou  to  tbe  isrUe* 

Ofn 

Ml  1    piT,  dsc..  randemUiem 

blao'ukingareou  tbccoQ- 

tact  of  an 

isn  tod  body. 

b    ca,aa  hua  prepared,  U  a  while  pow- 

..a 

to  tl  e  tuuih,  gritty  between 
ab90  u  ely  inaoruble  in  waier, 
motbnuids.    lie  apeciflcgra' 

■to    Is    H 

e     i    cannot  be  fused  bv  the 

nse  heat  of  our  furnaces,  but  at 

he  flame 

of  the  oiy-hydroaon  blowniiw 
toalimpid  eolorlc»gla».    By 

t  ni<:lts  i 

u  Iceland,  aud  of 
ost  inincral  waters,  in  miniita  quantilj-. 

m  dirciiiy  dissolve  dry  or  cdrined  sili- 
i.    Siliia  is  composed  of  tsoi  silicon, 

SILli.'ATES  are  mmpnunds  of  ailifie 
id  (Hillinl,  witli  the  bases  nlumiiis, 
ne,  iiiiuriicHin,  potassa,  sodn,  &<:.   Tliey 


ii'iiii'm ;  leldspur  an<l  Ivuvite.  un 
rii'  nluLiiina  and  potai-sa:  ulbiti 
irni',  uru  silii'Hlea  of  uluinlnnain 

'urrniiUiic,  iiiii'.i,  Ac.  ore  fill 
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SILK.  A  flue  ^loeyy  throad  or  ^n- 
mont  span  by  various  species  of  cater- 
pillars or  larviB  of  the  PhaUena  greans. 
Of  thesCf  the  Phalana  a^^  produces  the 
ffreatest  quantity ;.  but  the  PhaUenabomr- 
%yx  is  that  commonly  employed  for  this 
purpose  in  Europe.  Tlie  silkworm,  in 
Its  caterpillar  state,  which  may  be  con- 
sidered as  the  first  sta^e  of  its  existence^ 
after  acquiring  its  full  growth  (about 
three  incuei^  in  length),  proceeds  to  en- 
close itse  f  iu  an  oval-shaped  ball,  or  co- 
coon, which  is  formed  by  an  exceedingly 
slender  and  long  filament  of  fine  yellow 
silk,  emitted  from  the  stomach  of  the  in- 
sect prepanitory  to  its  assuming  the  sliapes 
of  the  ctirysulis  and  moth.  In  this  latter 
stage,  after  emancipating  itself  from  its 
silken  prison,  it  seeks  its  mate,  which  has 
undergone  a  similar  transfonuation ;  and 
in  two  or  three  days  afterwards,  the  fe- 
male having  deposited  her  eggs  (from 
300  to  500  in  number),  both  insects  ter- 
minate their  existence.  According  to 
Reaumur,  the  phalana  is  not  ihc  only  in- 
sect that  atfords  this  material — several 
species  of  the  aranea^  or  spider,  enclose 
their  eggs  in  very  fine  silk. 

Raw  nUk  is  produced  by  the  operation 
of  WLudinfiT  oil,  at  the  same  time,  several 
of  the  balls  or  cocoons  (which  are  im- 
mersed in  warm  water,  to  soften  the  natu- 
ral gum  on  the  filament)  on  a  common 
reel,  thereby  forming  one  smooth  even 
thread.  When  the  skein  is  drj',  it  is 
taken  from  the  reel  and  made  up  into 
hanks ;  but  before  it  is  fit  for  weaving, 
and  in  order  to  enable  it  to  undergo  the 
process  of  dyeing,  without  furring  up  or 
separating  the  fibres,  it  is  converted  mto 
one  of  three  forms — viz.  gimjUsy  trani^  or 
organzine. 

Siu(/h8  (tt  collective  noun)  is  formed  of 
one  o\  the  reeled  threads,  being  twisted, 
in  order  to  pivc  it  strength  and  finnncss. 
Tratn  is  formed  of  two  or  more  threads 
twisted  totrether.  In  this  state  it  is  com - 
nionlv  used  iu  weaving,  as  the  mhoot  or 

UtJ't.' 

Throivn  sill-  is*  fonned  of  two,  three,  or 
more  siiiijlt's,  according  to  tlic  substance 
required,  being  twisted  toj^ethcrin  a  con- 
trary direct  ion  to  that  in  which  the  sin- 
gles of  which  it  is  comj^oscil  are  twist- 
ed. This  is  termed  onjitn-zinin/j  ;  and 
llic  silk  so  twisted,  organ zhi^..  The  art 
of  tlirowing  was  originally  confined  to 
Italy,  where  it  was  kept  a  secret  for  a 
lone  period. 

Silk  is  commencing  to  be  cultivated 
very  extensively  in  this  country.    One  of 


the  meet  fiaocessfbl  growers  is  Mr.  By* 
ram,  Brandenburg,  Meade  co.,  Kentucky. 

Experience  has  fully  proved  that  the 
climate  of  the  United  States  is  as  well 
adapted  to  the  nature  and  habits  of  the 
silk-worm  and  the  production  of  silk,  as 
that  of  anv  other  coantr^r.  Several  vor 
rietics  of  tne  mulberry  being  indigenous 
in  our  soil,  and  those  generally  used  in 
the  native  country  of  the  silk-worm  suc- 
ceed equally  well  in  our  own  soil  and  cli- 
mate. Hence,  from  the  natnre  and  ha- 
bits of  the  American  people,  we  must 
soon  become  the  greatest  silk-growing 
nation  on  the  earth. 

The  first  step  towards  the  production 
of  silk,  is  to  secure  a  supply  of  suitable 
food  for  the  silk-worm. 

Having  tried  all  the  varieties  introduc- 
ed into  our  country,  Mr.  Byram  finds  the 
morns  multicaulis  and  the  Canton  varie- 
ties, all  things  considered,  most  suitable 
for  that  purpose. 

At  Economy,  Pennsylvania,  the  rearing 
of  the  silk-worm  is  now  carried  on  to  a 
^reat  extent  and  more  successfully  than 
m  any  other  part  of  the  United  States,  or 
perhaps  in  the  world.  Their  houses  are 
two  stories  high.  The  worms  are  fed  on 
small  trays  about  eighteen  or  twenty 
inches  wide,  and  about  three  feet  long. 
They  are  supported  on  frames  or  hur- 
dles one  above  the  other,  and  are  about 
six  inches  apart.  "When  the  worms  are 
about  ready  to  wind,  they  are  trans- 
ferred to  the  upper  story,  to  permanent 
sheWes,  about  16  inches  apart,  where 
they  form  their  cocoons  in  bunches  of 
straw  placed  upright  between  the  shelves. 
The  worms  are  cleaned  at  least  once  after 
every  moulting,  and  after  the  last,  every 
day.  For  this  purpose  they  have  nets 
wove  or  knit,  ot  cotton  twine,  something 
larger  than  the  size  of  the  trays,  with 
meshes  of  various  sizes  suited  to  the  ogo 
of  the  worms.  For  the  last  age  they  are 
about  three-quarters  ot  an  inch  square. 
These  are  used  without  frames.  When 
it  is  reqtiired  to  remove  the  worms  from 
their  litter,  the  nets  are  laid  lightlv  over 
them,  and  then  plentifully  fed.  XVhen 
the  wonns  have  arisen  upon  the  fresh 
leaves,  they  are  removed  by  two  jx-rsoiis 
taking  hold  cf  the  four  corners  of  the  net 
and  transferring  them  to  eleaii  trays,  held 
and  carried  otf  by  a  third  }»erson.  One 
hundred  thousand  are  changed  in  this 
manner  in  two  hours. 

The  silk-worm  is  a  species  of  caterpil- 
lar, wlio>e  lite  is  ouc  continual  succrssion 
of  changes,  which,  in  due  time,  b'icomes 
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s  moth  or  wiDged  insect,  like  others  of 
the  trenn^. 

The  time  occupied  in  |?oing  throneh  it.* 
different  formB  ot'exiHtebce  vane?  in  dil- 
ferent  conntrie« — governed  by  climate, 
temperature,  aud  the  q^unlitT  and  quanti- 
ty or  the  food  upon  winch  it  is  fed,  and 
the  nature  of  the  particular  variety  of  the 
insect. 

The  worm  changes  or  casts  its  skin  (of 
the  common  varieiics;  four  times  lM?fore 
it  attains  itj*  full  growth.  These  chantrcis 
are  called  moultini^s,  and  the  periods  in- 
tervcninjf  between  tlie  sevenil  moultines 
are  termed  npes.  When  it  is  first  iiatcii- 
cd  it  is  of  a  blackish  color,  which  after- 
wards becomes  liijhter,  vnrving  almost 
daily  to  ditlerent  shades,  antf  in  different 
varieties  through  every  age,  to  the  close 
of  the  Inst,  or  near  the  time  of  ispinninpr, 
when  it  assumes  a  j^rayish  yellow  semi- 
transparent  appearance. 

The  following  directions  given  by  Mr. 
J.  McIIannon,  Hamilton  co.,  Ohio,  for 
the  raising  of  worms,  has  been  tried  in 
this  country,  and  is  recommended. 
Firi*t,  have  tood  eggs,  well  kept,  and  do 
not  let  them  hatcTi  till  wann  weather  or 
in  tlie  middle  of  May.  When  hatched, 
lay  on  leaves,  and  move  them  on  to  clean 
paper  by  lit\ing  the  leaves.  Do  not  let 
them  get  too  thick  or  they  cannot  be  fed 
enough  without  covering  them  too  deep- 
ly with  leaves.  Move  and  spread  them 
every  day,  except  when  they  are  moult- 
ing. Feed  often  with  fresh  leaves,  give 
them  all  the  air  you  can,  so  that  they  do 
not  blow  away.  After  the  first  moulting, 
feed  with  short,  tender  twigs.  They  nre 
easily  moved  and  spread  with  the  twigs 
in  the  morning  when  they  are  hungry. 
If  they  arc  neglected  while  young  it  is 
useless  to  feed  them  while  they  are  old. 
All  the  disenses  among  my  worms  nre 
cau8ed  bv  neglect,  or  by  keeping  thcni  in 
a  close  ()uikling  where  there  was  not 
enough  pure  air.  Alter  they  pass  the  se- 
cond innultiiig,  if  they  are  feil  with  care, 
thev  will  eat  the  leaves  so  clean  that  they 
will  need  to  bo  moved  but  once  between 
each  n)(»ultiiig,  and  thjit  should  be  done 
iuHt  before  they  moult;  but  sliould  their 
he«ls  become  foul,  move  them  by  all 
means. 

Keep  each  day's  hatching  separnte. 
The  first  day  but  few  worms  will  hateli, 
and  they  serve  as  a  guide  for  nil  tlie  rest. 
When  tliey  eoniinence  moulting:,  yon  can 
move  the  others  on  clean  paper.s  before 
they  C(»niMienee  nioulti?)ij. 

If  the  worms  nre  well  fed  nml  not  too 
thick   on   the    papers,  and    the  weather 


warm,  they  will  mooU  Detfiy^  at  the  mum 
time ;  that  is,  each  dsy'a  hatchinir.  and 
when  thev  are  kept  separate  and  the  pa* 
pers  marked  1st,  2d,  and  8d  dsy,  <sc., 
you  can  feed  them  as  they  onght  to  be 
fed,  and  when  they  commence  winding 
you  can  put  np  the  bushes  for  them  fo 
wind  in,  as  each  lot  commences.  They 
will  not  all  need  them  at  once  as  thev 
would  if  all  ages  were  mixed.  Tl'hen  all 
the  frames  commence  winding  at  once 
they  cannot  be  attended  to  in  time,  and 
many  worms  will  be  lost  if  there  is  no 
place  j>rovided  for  them.  Tliey  will  crawl 
over  the  frames  and  waste  their  siik ; 
even  if  they  make  a  cocoon  it  will  be  of 
but  little  value. 

After  the  third  moulting,  feed  with 
branches  as  long  as  they  will  lay  on  the 
frames.  Keep  the  bed  as  even  as  ttossi- 
ble.  Let  no  leaves  hang  over  the  trome, 
lest  some  of  the  worma  cmwl  out  ow 
them,  others  will  cut  them  oflF,  and  leaves 
and  worms  will  fall  together  to  the 
ground. 

When  the  worms  get  too  large  to  lift 
with  the  branches,  and  they  want  moving, 
place  five  strips,  three-eighths  or  one-hnli 
mch  square,  across  the  frames  (the 
frames  are  three  by  four  feet,  the  strips 
are  three  feet  four'inches  long),  so  as  to 
extend  two  inches  over  the  frame  on  enoh 
side.  Sitt  lime  over  the  whole  bed  till  it 
is  all  white,  worms  and  all ;  then  lay 
branches  lengthwise  of  the  frame  across 
the  Ave  strips.  After  feeding  a  few 
times  the  worms  will  all  be  on  anew  bed  ; 
they  will  not  stay  among  the  lime  in  the 
old  bed.     Thev  are  then  rendv  to  move. 

Have  a  few  duplicate  frames  ready  ;  lay 
two  sheets  of  heavy  brown  poj^>er  that 
will   cover  the  frame  :  if  yon  could  get 
one  large  enough  to  cover  the  franic  it 
I  would  be  better.     Give  the  worms  a  good 
'  feed,  and  as  they  come  upon  the  upper 
I  bed,  place  two  strips,  four  feet  long,  un- 
I  derthc  ends  of  the  five  cross  strips.  Two 
j  persons  can  then   raise  the  worms   up, 
I  while  the  third   person  slips  the   frntnc 
i  and  old  bed  out  and  j>laces  one  of  the  du- 
plicates in  its  place.    The  worms  can  tlicn 
DC  let  down,  and  they  will  keep  eating  as 
if  nothincr  had  happened. 

Cane  brush  is  the  best  bed  for  them  to 
wind  in.  When  that  cannot  be  hod,  cut 
oak  limbs  ;  lay  them  in  the  sun  to  wilt : 
if  they  are  put  up  green  and  the  worm 
conniicnees  winding  in  them  the  leaves 
euri  and  the  worm  has  to  leave  its  place 
to  find  a  better,  and  will  seldom  begin 
nirain.  Cut  the  brush  of  the  right  length 
to  sj)ring  in  between  the  frames.    The 
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frames  shonld  be  cigrhtecn  inches  apart, 
three  tier,  one  above  the  other,  the  lower 
one  two  feet  from  the  ground.  When 
feeding,  after  the  brash  are  pnt  up,  lay 
the  butt-end  of  the  multicauiis  branches 
(nothing  else  ifl  worth  feeding  with) 
snug  to  the  oak  buf^hes,  that  the  worms 
can  get  to  them  when  they  want  to  wind. 
After  most  of  the  worms  on  a  frame  are 
gone  up,  pick  off  the  rest  and  mark  the 
frame  :  in  four  days  gather  the  cocoons, 
if  the  weather  is  warm ;  if  not,  in  six 
days.  Having  the  oldest  worms  in  the 
upper  tier,  you  cun  take  them  down  with- 
out disturmng  the  rest. 

After  the  cocoons  are  gathered,  select 
the  best  for  seed.  When  the  millers 
come  out,  throw  nil  the  poor  ones  out,  if 
there  are  any.  The  papers  intended  for 
the  egg!*,  are  hung  up  to  keep  them  clean, 
as  there  will  be  nothing  on  them  but 
the  eggs.  To  keep  eggs  from  hatching 
in  summer,  roll  the  papers  in  cotton  bat- 
ting, put  it  in  a  wooden  box  and  place 
them  m  an  ice  house  on  the  ice ;  cover  it 
with  straw  and  they  will  keep  well.  The 
cocoons  intended  tor  reeling  ore  put  in 
the  sun  as  soon  as  they  are  gathered  * 
spread  them  thin,  and  a  few  days  will 
kill  the  chrj-salis.  They  must  be  well 
dried  or  they  will  mould.  The  pea-nut 
being  much  firmer  and  heavier,  takes 
longer  to  kill  and  dry  than  any  other  va- 
riety. To  sum  up  the  whole  :  have  good, 
well-kept  ejrgs  ;  give  them  plenty  of 
room  (an  ounce  of  eggs,  when  tne  worms 
arc  full  grown,  should  have  twenty-five 
frames,  three  by  four  feet,  to  feea  and 
wind  on). 

This  is  very  essential.  Keep  them 
clean;  feed  in  an  open  building;  close  it 
only  when  it  is  very  windy.  Cultivate 
your  trefs  well ;  if  they  are  not  thrittv 
the  worms  will  not  be ;  yellow  leaves  will 
not  do.  Feed  the  worms  all  they  will  eat 
from  the  start.  It  is  better  to  have  them 
leave  some,  than  not  have  enot>srh.  Have 
a  ifoo'l  place  for  them  to  wind  in  ;  and  if 
the  weather  is  warm  and  uniform,  the 
worms  will  do  M^/r  part.  If  any  are  dis- 
eased, pick  them  off. 

After  the  worm  has  enveloped  itself  in 
the  t'ocooii,  Hcven  or  eight  davs  are  per- 
Hiilted  to  elapse  before  the  ba^ls  are  ga- 
therod  ;  tlie  next  process  is  to  destroy 
the  life  of  the  chrysiJides,  which  is  done 
either  by  exposure  to  the  sun,  or  by  the  \ 
lieat  of  an  oven  or  ofrttcam.  The  cocoons 
are  next  scpanited  from  the  floss,  or  , 
loose  downy  substance,  which  envelopes 
the  c()in{»ac't  balls,  and  are  then  ready  to 
be  reeled.     For  this  purpose,  they  are 


thrown  into  a  boiler  of  hot  water,  for  the 
purpose  of  dissolving  the  gum,  and,  be- 
mg  gently  dressed  with  a  brush,  to  which 
the  threads  adhere,  the  reeler  is  thus 
enabled  to  disengage  them.  The  ends  of 
four  or  more  of  the  threads  thus  cleared 
are  passed  through  holes  in  an  iron  bar. 
after  which  two  of  these  compouna 
threads  are  twisted  together,  and  made 
fast  to  the  reel.  The  length  of  reeled 
silk,  obtained  from  a  singVo  oocoon,  va- 
ries from  800  to  600  yards;  and  it  has 
been  estimated,  that  12  lbs.  of  cocoons, 
the  produce  of  the  labors  of  2,800  worms, 
who  have  consumed  152  lbs.  of  mulberry- 
leaves,  give  1  lb.  of  reeled  silk,  which  may 
be  converted  into  16  yards  of  gros  de  Na- 
ples. 

Those  cocoons  which  have  been  per- 
forated cannot  be  reeled,  but  must  be 
spun,  on  account  of  the  breaks  in  the 
thread.  The  produce  of  these  balls, 
when  worked,  is  called ^uret, 

Beeling  is  a  branch  of  the  silk  business, 
which  more  properly  comes  under  the 
head  of  manufacturing.  Every  farmer 
who  engages  in  the  silk  culture,  in  order 
to  avail  himself  of  an  additional  proftt, 
shonld  provide  his  family  with  a  suitable 
reel,  by  the  use  of  which,  after  a  little 
experience,  he  will  be  enabled  to  offer 
his  silk  in  market,  in  a  form  that  will 
greatly  enhance  its  valnc,  and  much  re- 
duce the  trouble  and  expense  of  trans- 
portation. Reels  can  now  be  procured 
m  almost  any  of  the  principal  cities  at  a 
small  cost,  or  they  can  be  made  by  any 
ingenious  farmer  or  carpenter.  The  reel 
now  uniformly  nsed,  is  that  known  as 
the  Picdmontese. 

All  attempts  to  improve  this  reel  in  its 
general  principles,  have  failed.  At  Econ- 
omy, however,  they  have  made  an  addi- 
tion which  may  be  found  useful.  It  con- 
nists  of  two  pair  of  whirls,  made  of  wire, 
in  the  form  of  an  aspel  to  a  reel,  about 
four  inches  long  and  two  and  a  half 
inches  across  at  the  ends,  the  wires  be- 
ing bent  in  the  middle,  leaving  them 
about  one  and  a  half  inches  across  from 
arm  to  arm,  making  the  circumference 
about  six  inches.  These  whirls  are  set 
in  an  iron  frame,  and  run  each  upon  two 
points  or  centres.  Each  pair  is  set  equi- 
distant, on  a  direct  line,  about  eiifht 
inches  apart,  between  the  first  gui<les 
and  those  on  the  traverse  bar,  instead 
of  making  the  usual  number  of  turns 
around  each  thread,  as  they  pass  be- 
tween the  puidi's  on  the  reel.  With  this 
arranirenient,  each  thread  is  taken  from 
the  basin  and   passed   through  the  first 
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gvides.  then  carried  ocet  amd  around  tlie 
two  wLirU,  and  where  they  puss  each 
other  on  the  top^  the  turns  nro  made  ne- 
cessary to  give  finmiestt  to  the  thread, 
then  passing  directly  through  the  guides 
in  the  traverse  bar  to  tlie  anns  of  the 
reel,  making  each  thread  in  reeling  in- 
dependent of  the  other.  This  enables 
the  reeler,  when  a  remnant  of  cocoons 
we  to  be  finished  on  leaving  the  work, 
to  unite  both  threads  into  one,  retaining 
the  neccssarv  size ;  whereas  both  would 
be  too  fine  if  continued  on  the  reel  in 
the  ordinary  manner. 

Dlrrct'wiU for  reeling. — In  family  estab- 
lishments, a  common  clay  or  iron  furnace 
should  be  procured,  to  which  should  be 
fitted  a  sheet-iron  top,  about  twelve 
inches  hiifh,  with  a  door  on  one  side, 
liiid  a  small  pipe  on  the  oppOf*itc  side  to 
convey  otF  tno  smoke;  this  top  should 
retain  the  same  bevel  or  tiarc  jl«<  the  fur- 
nace, so  as  to  Ikj  about  twenty  inches  in 
diameter  at  the  top.  The  pan  should  be 
twenty  inches  square  and  six  inches 
deep,  divide<l  into  iVtur  apartments,  two 
of  wliich  should  be  one  inch  luiyer  one 
way  than  the  other.  They  should  all 
communicate  with  each  t)ther  at  the 
bottom. 

In  large  filiatures.  a  small  steam  engine 
to  propel  the  reels,  <fee.,  and  to  heat  the 
water  for  reeling  woukl  be  necessary. 

liefore  the  o|>eration  of  reeling  is  coin- 
inenced,  the  coooon.s  must  l>e  htripf)ed  of 
their  tloss,  and  as^ol•ted  into  three  .sepa- 
rate parcels,  according  to  (juality.  or  of 
dillerent  (Icltccs  of  firinnos.  Tin- double 
cocoons  or  those  I'orined  by  two  or  more 
worms  spinnim:  toir(.tlic'r,  the  til»i»\<  cross- 
ing each  «tther  and  rendering'  tliejn  dilli- 
oult  to  reel ;  these  should  l»c  laid  aside 
to  be  manufaclured  in  a<liirercnt  manner. 

At'lcr  the  cocoons  have  Ixeii  ass<>rli-d 
as  above  directe<l,  the  operation  of  reel- 
insjT  may  bo  eonimciu'cil.  The  ba-^in 
should  i)C  iJi-urly  tilled  with  the  softtsf 
water,  and  kept  to  a  proper  heat  by 
burniuLf  eliarcoal,  f»r  sotne  other  conve- 
nient lO'thod  of  kec)>ini;  np  a  rcLMilar 
heat.  The  ]>reci-e  tein]icraturo  cann«»l 
be  asivrtained  until  the  reeiinur  is  cotn- 
nience<l,  owiii:.'  to  the  dill'creiit  qualities 
ot'  C(»cootis  ;  tho-«c  (»f  the  best  ouality 
will  reiiuirc  a  LTcnter  dcLTce  ot  heat 
than  those  of  a  more  loose  ami  «^pen  ie\- 
ture  ;  hence  the  importance  ot' as-i^timr 
them,  ('(icons  aKo  rcpiire  less  heal, 
and  reel  much  betlei*,  when  done  before 
the  elir\-ali<les  are  killi-d,  and  ihc  co- 
Cjon>  become  <lri*'d. 

The  heat  of  the  water  mav  be  raised 


to  near  the  boiling  point,  (it  should  never 

l>e  allowed  to  boil,)  when  two  or  three 
hundfuls  of  cocoons  may  be  thrown  into 
one  of  the  large  apartments  of  the  basin, 
which  must  be  gently  pressed  under  wa- 
ter for  a  few  minutes,  with  a  little  brnsh, 
mode  of  broom-corn,  with  the  ends  short- 
ened. The  heat  ot  the  water  will  soon 
soften  the  gum  of  the  silk,  and  tlicrcby 
loosen  the  ends  of  the  filaments;  the 
reeler  should  then  gently  stir  the  cocoi.>ns 
with  the  brush,  until  the  loose  fibres  ad- 
here to  it ;  they  are  then  separated  from 
the  brush,  holding  the  filaments  in  the 
left  hand,  while  the  cocoons  are  carefully 
combed  aowu  between  the  fingers  of  ihe 
right  hand,  as  they  are  raised  out  of  the 
water.  This  is  continued  until  the  flo>& 
or  false  ends  are  all  drawn  off,  and  the 
fine  silk  begins  to  appear;  the  fibres  are 
then  broken  off  and  laid  over  the  edge  of 
the  basin.  The  fioss  is  then  cleare^l  from 
the  brush  and  laid  aside  as  refuse  silk, 
and  the  O[)eration  continued  until  most 
of  the  ends  are  thus  collected. 

If  the  silk  is  designed  for  sewinjirs, 
about  twenty-five  fibres  should  comjK>se 
a  thread;  if  intended  for  other  fabrics, 
from  eight  to  fifteen  should  be  reeled  to- 
gether. The  finer  silk  should  always  Iw 
reeled  from  the  lx*st  cocoons.  The  co- 
coons comp(*sing  the  threads  are  taken 
up  in  a  small  tin  skimmer,  made  tor  live 
purpose,  and  passed  from  tlie  lurtre  apart- 
ment of  the  basin  to  those  directly  under 
the  guides.  As  the  ends  bec*ome  broken 
they  are  passe<l  back  into  the  spare  a]ian- 
nient,  where  thev  are  again  eoUccted  to 
be  returned  to  the  reel.  The  re«|ui<ite 
nundtcr  of  fibres  thus  collected  for  tuo 
threads  are  j)assed,  each,  through  the 
li>wer  gui<les.  They  are  then  wound 
around  each  other  two  or  three  times, 
and  each  carried  through  the  two  {zniiles 
in  the  traverse  Vnu-,  and  then  attached 
to  the  arms  of  the  reel.  The  turninsr 
shoidd  now  be  connnenced  with  a  slow 
ami  steady  nu)lion,  until  the  threads  run 
iVccly.  While  the  reel  is  turninkf.  the 
per>on  altentliiiif  the  cocoons  mu>t  con- 
tinually be  adding  fresh  ends,  as  they 
may  1h'  ri-.piired,  not  waitinir  nnti!  t!.c 
number  she  l>egan  with  is  redn^vd.  l*- 
eaii.-e  the  internal  fibres  are  much  tintr 
than  those  conipitsing  the  external  hucr."». 
In  addini:  new  ends,  the  reeler  nui>t  nt- 
taeh  them,  by  gently  pressing  theui, 
with  a  little  turn  betwe<:'n  the  thumb  and 
tiiiLTcr,  to  tile  threads  as  they  are  run- 
nihL'.  A>  the  silk  is  reeled  off,  the  el  n- 
>ali  Ks  should  be  taken  out  of  the  Ki^in, 
otherwise  they  obscure  and  thicken  the 
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water  and  injure  the  color  and  lustre  of 
the  silk.  \V  hen  the  water  becomes  dis- 
colored, it  should  always  be  changed. 

If,  in  reeling,  the  silk  loaves  the  co- 
coon in  bars  or  bunches,  it  is  evident  the 
water  is  too  hot ;  or  wlien  the  endi»  can- 
not be  easily  collected  with  the  brush,  or, 
when  founa,  do  not  run  freely,  the  water 
is  too  cold. 

A  pail  of  cold  water  should  always  bo 
at  hand,  to  be  added  to  tlie  basin  as  it 
may  be  reouired.  When  the  cocoons 
yield  their  nbrcs  freely,  the  reel  may  be 
turned  with  a  quicker  motion.  The 
quicker  the  motion,  the  smoother  and 
better  will  be  the  silk.  When  from  four 
to  fiix  ounces  have  been  reeled,  the  aspel 
may  bo  taken  otiF,  that  the  silk  may  drj\ 
Tho  end  should  be  fastened  so  a<*  to  be 
readily  found.  Squeeze  the  silk  tojfcther 
and  loosen  it  upon  the  bars;  then  on  the 
opposite  side  tie  it  with  n  band  of  refuse 
silk  or  yam,  then  slide  it  oft' the  reel,  dou- 
ble, and  aj^rain  tie  it  near  each  exreuiity. 

The  uuality  of  the  silk  dependrt  much 
upon  the  art  and  skilful  mniuurement  of 
the  reeler.  All  that  is  required  to  render 
one  perfect  in  the  art  of  reeling:,  ir»  a  little 
pravtice^  accompanied  at  the  hei^nnniiitf 
with  a  degree  of  j>atien<'f,  and  the  exer- 
cise of  Judgment  in  keepiuij  up  the  proper 
temperature  of  water,  and  the  threads  of 
a  uniform  size. 

Manufitvture  of  ptrf'oraftd  cocfton^. — 
The  perforated  and  double  cocoons  can 
be  manufactured  into  various*  fahric;^ — 
such  as  stockiui.'^,  gloves,  under-shirts, 
and  the  like.  Ik-forc  the  cocoons  can  be 
spun,  they  must  be  put  into  a  clean  bag, 
made  of  some  open  cloth,  and  placed  in 
a  pot  or  kettle,  and  cortmi  with  soft  wa- 
ter, with  soap  \,\mvi\  or  soft)  added,  suf- 
ficient to  make  a  stronj^  suds,  and  boiled 
for  about  three  or  four  hours,  if  they 
are  rotiuired  to  be  very  nice  and  white, 
the  water  may  bo  chauired,  and  a  small 
quantity  more  of  S(»np  added,  and  again 
boile<l  tor  a  few  minutes.  After  they  are 
boiliMl,  thev  mav  be  hung  up  and  drain- 
ed ;  they  siiould  then  be  riiisetl  while  in 
the  baL',  ill  fair  water,  and  hunt:  out  to 
drv,  without  disturbin^r  them  in  the  bag. 
When  completely  dry,  they  may  Ini  spun 
on  the  common  liax  wheel,  by  first  takinsr 
the  cocoon  in  the  finu'ers,  and  HU^jhtlt/ 
loo«icnini;  the  fibres  that  become  fiatteii- 
ed  down  by  l»oilinir,  and  then  spinnintr 
olf  fiom  the  pinod  fiui.  The  silk  will 
run  entirely  otf,  leavimj  the  shell  bare. 

The  double  cocoons  may  be  spun  in 
the  same  manner,  but  should  be  boiled 
separately. 


SILK  MANUFACTURE.  This  may 
be  divided  into  two  branches: — 1.  the 
production  of  raw  silk;  2,  its  filature 
and  preparation  in  the  mill,  for  the  pur- 
poses ot  tho  weaver  and  other  textile  arti- 
sans. The  threads,  as  spun  by  the  silk- 
worm, and  wound  up  in  its  cocoon,  are 
all  twins,  in  consequence  of  the  twin  ori- 
fice in  the  nose  of  the  insect  through 
which  they  arc  projected.  These  two 
threads  aro  laid  ptu-allel  to  each  other, 
and  are  glued  more  or  less  evenly  to- 
gether by  a  kind  of  glossy  varnish,  which 
also  envelopes  them,  constituting  nearly 
25  per  cent,  of  their  weight.  Each  ulti- 
mate filament  measures  about  ^^v  o^^Q 
inch  in  avenige  fine  silk,  and  the  pair 
measures  of  course  fully  ygVir  ^^'"^ioch. 

The  raw  silk,  before  it  can  be  used  in 
weaving,  must  bo  twisted  or  thrown,  and 
may  be  convertetl  into  shingles,  tram,  or 
organzine.  The  Jii'gt  is  produced  merely 
by  twisting  the  raw  silk,  to  give  more 
firmness  to  its  texture.  Tram  is  formed 
by  twi^ting  together,  but  not  very  closely, 
two  or  more  threads  of  raw  silk,  ana 
usually  constitutes  tho  weft  or  shoot  ot 
manntactured  goods.  Organzine  is  prin- 
cipally used  in  the  warj>,  and  is  formed 
by  twisting,  first,  each  individual  thread, 
and  then  two  or  more  of  the  threads, 
thus  twisted,  with  tlie  throwing-mill. 
The  silk,  when  thrown,  is  called /it/ r(/*i^, 
and  must  be  boiled,  in  order  to  discharge 
the  gum,  which,  otherwise,  renders  it 
harsh  to  the  touch,  and  unfit  to  receive 
the  dye.  Atler  boilinj?  about  four  hours 
in  soaped  water,  it  is  \vashed  in  clear 
water,  to  discharge  the  soap,  and  is  seen 
to  have  acquired  that  iflossiness  and  sot't- 
ness  of  texture  which  fonns  its  principal 
characteristic.  The  yarn  is  now  ready 
for  wcjivintr. 

Silk-worms  are  fed,  in  France,  on  tho 
leaves  of  the  white  mulberrv,  planted  in 
hed.'c-rows,  as  pollards,  un<I  niised  from 
seeds  by  nui>erymen.  The  egjfs  are 
hatched  ui  rooms,  heated  to  72i^  F.  One 
ounce  of  ciTL's  consnnve  1  cwt.  of  leaves, 
and  produce  from  7  to  i«  lbs.  of  raw  silk, 
which  is  wound  otf  the  ctjcoons  by  wo- 
men and  chiKlrcn.     The  season  is  May. 

The  silk-worm  is  now  propairated  in 
the  United  States,  and  even  s<»  far  n(»rih 
as  4.'>-^  there  is  a  mulberry-orchard  of  100 
acres,  and  considerable  prothu-e  of  silk, 
bi  dollars  ]ier  lb. 

Silk-worms  may  be  reared  with  success 
on  the  leaves  of  the  scorsoncra,  or  with 
acer  tarlariiim. 

Satin  is  a  silk  twill  of  ])ecurmr  descrip- 
tion, the  soft  and  lustrous  face  of  which 
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i*  given  bv  keeping  a  large  proportion  of 
the  tbreaas  of  tlie  warp  visible.  When 
first  taken  oat  of  tiie  loom,  satins  are 
Bometimes  Hossy  and  rough;  and  they 
are  dressed  by  being  rolled  on  heated 
^'lindens,  which  operation  gives  the  bril- 
liant lustre. 

Watering  silk  is  performed  by  passing 
two  pieces  of  silk  placed  length  wavs,  one 
on  the  other,  between  two  metallic  rol- 
lers :  the  diHerent  parts  are  thus  subject- 
ed to  different  degrees  of  pressure,  from 
which  the  wavy  uppeurance  results. 

Silk  is  embossed  by  passing  the  pimn 
stuff  between  rollers;  the  surfaces  of 
wliich  contain  the  desired  pattern  on  one 
cvliuder,  and  on  the  other  sunk,  so  that 
tne  eminences  of  the  one  coincide  with 
the  depressions  of  the  other. 

This  business,  like  all  other  branches 
of  manufacturing  industry,  has  struggled, 
in  this  country,  against  adverse  foM^une, 
and  counteracted  difficulties  not  coutem- 

f>lated  by  its  early  founders.  But  we  be- 
ieve  for  the  past  year  or  two  the  manu- 
facture of  sewing  silk  has  been  highly 
prosperous,  and  sevenil  new  mills  have 
ixien  erected  in  different  seclions  of  the 
country.  In  Tolland  county,  Conn.,  there 
are  six  factorie.**,  which  respectively  turn 
off  the  following  amounts  of  sewing  silk 
and  twist  per  annum : — 

Vyre  &  Sons,  ai  VVillincton, 12,000  pounds. 

Rixibrd  &  Uutler.  at  Mansfield,. . .  G.UtK) 
WHIiam  Atwiiod,  "         ...  3,700       '• 

Zaimon,  Siorre  &  Sou,    "         ...  2,J>00       " 
J.ae  K.  Hovcy,  "         ...  1,^^10       " 

Chalice  &  Co.,  "         ...  1,000       " 

In  addition  to  these,  wc  will  enumerate 
the  remaining  establishments  which  we 
know  to  be  in  oj>eration  in  different  sec- 
tions of  the  Uinted  States,  with  a  proba- 
bly correct  estimate  ot'  the  amount  of 
goods  manufactured  per  annum  : — 

Cheney  &  Brothers,  Manchester, 
Conn 16,000  pounds. 

A.  B.  Jotu'.'*,  do.  do. 2,^(00       '• 

Soweihy    &   Co.,    Northitmpton, 

Ma*s, ". r.noo 

Jo«eph  Comini.  do.  do., 3.:*n) 

,  New  Haven,  Cunn.,  1.500 

William  Dale,  New  York  city,. . .  2,  Ul 
Murray  &  Co.,  Patierson,  N.'J.,..  10,000 
Livesy  &.  Co.,  Canton,  Ma.*'." 2,0(*l 

B.  6l,  a.  Hoolev,  Philadelphia,...  ;^,000 
Brown  &  Co.,  Loui*«vine,  Ky.,...  1,500 

SILVER.  When  pure  and  planished, 
silver  is  the  brightest  of  the  nutals.  Its 
specific  jfravity  in  the  inirot  is  l<i-47;  but, 
when  condensed  under  the  hamtncr  or 
in  the  coinimr  press,  it  becomes  Itit'i.  it 
melts  at  a  bright  red  heat,  a  temperature 
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estimated  by  some  as  equal  to  1280^  Fahr., 
and  by  others  to  22°  Wed^ewood.  It  is 
exceedingly  malleable  and  ductile ;  afford- 
ing leaves  not  more  than  Yao'afld  of  an 
inch  thick,  and  wire  far  finer  than  a  hu- 
man hair. 

Its  tenacity  is,  to  that  of  gold  and  pla- 
tinum, as  the  numbers  19,  15,  and  26|  ; 
so  that  it  has  an  intermediate  atrengthi 
between  these  two  metals.  Pare  atmoa- 
pheric  air  does  not  affect  silver,  but  that 
of  houses  impregnated  with  sulphureted 
hydrogen,  soon  tarnishes  it  with  a  film  of 
brown  sulphuret.  It  is  distinguished 
chemically  from  gold  and  platinum  by  its 
ready  solubility  in  nitric  acid,  and  I'rom 
almost  all  other  metals,  by  its  saline  solu- 
tions affording  a  curdy  precipitate  w^ith  a 
most  minute  quantity  of  sea  salt,  or  aoj 
soluble  chloride. 

Silver  occurs  under  many  forma  in  na- 
ture : — 

1.  Native  filver  possesses  the  greater 
part  of  the  above  properties;  yet,  on  ac- 
count of  its  being  more  or  less  alloyed 
with  otlier  metals,  it  differs  a  little'  in 
malleability,  lustre,  density,  &c.  It  oc- 
curs crystallized  in  wedge-form  octa- 
hedrons, in  cubes,  and  cubo-octalicdrons ; 
or  in  dendritic  shapes,  and  arborescenccs. 
resulting  from  minute  crystals  implanted 
upon  each  other.     But  more  usually  it 

S resents  itself  in  small  grains  witliout 
eterminable    form,    or   in    amorphoua 
masses  of  various  magnitude. 

The  ^ungues  (mineral  matric^es)  ot  na- 
tive silver  are  so  numerous,  that  it  may 
be  said  to  occur  in  uU  kinds  of  rocks.  At 
one  time  it  appears  as  if  filtered  into  tlieir 
fissures,  at  another  as  having  vegetated 
on  their  surface,  and  at  a  third,  as  if  im- 
pasted in  their  substance.  Such  varietie* 
are  met  with  principtilly  in  the  mines  of 
Peru  and  Mexico. 

The  native  metal  is  found  in  almost  all 
the  silver  mines  now  worked;  but  espe- 
cially in  that  of  Kongsberg  in  Korway; 
at  Schlangenberg  in  Sil>€ria,  in  a  sulphate 
ofbarAtes;  at  Allemout,  in  a  ferruginous 
clav,  &c. 

'riie  metals  most  usually  associated 
with  silver  in  the  native  alloy  are  gold, 
copper,  arsenic,  and  iron.  At  Andreas- 
be  tl'  and  (Guadalcanal  it  is  alloved  with 
about  5  per  cent,  of  arsenic.  The  uuri- 
fer(»uB  native  silver  is  the  rarest;  it  has 
a  bras.-^-yellow  color. 

2.  Antiffioiiiul  fiilrtr. — This  rare  ore  is 
ycllowisli-V)lue  ;  destitute  of  malleability; 
even  very  brittle;  sj)cc.  grav.  l»'5.  It 
melts  bclore  the  blowpipe,  and  affords 
white  plumes  of  oxide  of  antimony.     It 
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consistb  of  from  76  to  84  of  silver,  and 
from  24  to  16  of  antimony. 

8.  Mixed  antimonuiV  silver. — At  the 
blowpipe  it  emits  a  garlic  smell.  lt»  con- 
Ftituents  are,  silver  16,  iron  44,  arsenic 
85,  antimony  4.  It  occurs  at  Andreas- 
bcrg. 

4.  Sulphuret  of  tilver. — ^This  is  an 
opaque  substance,  of  a  dark-g^y  or 
leaden  hue:  stiff htly  malleable,  and  easily 
cut  with  a  knife,  when  it  betrays  a  me- 
tallic lustre.  The  silver  is  easily  sepo- 
rated  bv  the  blowpipe.  It  consists  of,  18 
of  sulpnur  to  89  of  silver,  by  experiment. 
Its  siKJC.  grav.  is  6*9.  It  occure  crystal- 
lised in  most  silver  miners,  but  especially 
in  those  of  Freyberff,  Boliemia,  Schem- 
nitzin,  Hungary,  and  Mexico. 

5.  Red  stilphuret  of  filter  ;  silver  glance. 
— Its  spec.  BTttv.  in  6*7.  It  contains  from 
84  to  86  of  silver. 

6.  Sufphurtted  sHcer.  with  binnvth. — 
Its  constituents  are  lead  85,  bismuth  27, 
silver  15,  sulphur  16,  with  a  little  iron 
and  copper.     It  is  rare. 

7.  Antimoniated  s^ulphnret  of  silver^  the 
red  silver  of  many  mineraloifists,  is  an 
ore  remarkable  for  its  lustre,  color,  and 
the  variety  of  its  fonns.  It  is  friable, 
easily  scraped  by  the  knife,  and  affords  a 
powder  of  a  lively  crimson  red.  Its  color 
m  muss  is  brilliant  red,  dark  red,  or  even 
metallic  reddirth-black.  It  crystallizes  in 
a  varietv  of  forms.  Its  constituents  ore — 
silver  ^rom  56  to  62;  antimony  from  16 
to  20 ;  sulphur  from  11  to  14;  and  oxy- 
gen from  8  to  10.  The  antimony,  in  the 
state  of  a  purple  oxide  in  this  ore,  is  its 
coloring  principle.  It  is  found  in  the 
mines  or  Freyberg,  Sainte-Murie-aux- 
Mincs,  and  GuadaU'imal. 

8.  Blach  ftulph uret  of  ntirr,  is  blackish, 
brittle,  cellular,  affording  globules  of  sil- 
ver ut  the  blowpipe.  It  is  found  nbun- 
djuitly  in  the  silver  mines  of  Peru  and 
Mexico.     The  Sj)airmrds  call  it  neifrillo. 

9.  (JhhriiU  <f  'filrtr^  or  horn  slicer. — 
In  consequence  of  its  semi-transpnrent 
aspect,  its  yellowish  or  jfreenish  color, 
and  sucli  softness  that  it  may  be  cut  with 
the  nail,  this  ore  has  been  compared  to 
horn,  and  may  be  easily  recognized.  It 
melts  at  the  flume  of  a  candle,  and  may 
be  reduced  when  heated  alonjf  with  iron 
or  black  flux,  which  are  distinctive  cha- 
racters. It  is  seldom  orvstallized ;  but 
occurs  cliicfly  in  irrcL'ular  forms,  pome- 
tirncs  covering  the  native  silver  as  with  a 
thick  crust,  as  in  Peru  and  Mexico.  Its 
dcn^ltv  In  oijIv  4*74. 

Gtturnl  treatment  of  gilrrr  orftt. — All 
ores  which  contain  more  than  7  lbs.  of 


lead,  or  1  lb.  of  cop(<cr,  per  cent.,  are  ex- 
cluded from  the  reviving  operation,  or 
amalgamation;  because  the  lead  would 
render  the  amalgam  very  impure,  and 
the  copper  would  be  wasted.  They  are 
sorted  tor  the  amalgamation,  in  such  a 
wav,  that  the  mixture  of  the  poorer  and 
riclier  ores  may  contain  4  oz.  of  silver  per 
100  lbs.  The  most  usual  constituents  of 
the  ores  are,  sulphar,  silver,  antimonial 
silver,  bismuth,  sulphurets  of  arsenic,  of 
copper,  iron,  lead  (nickel,  cobalt),  zinc, 
with  several  earthy  minerals.  It  is  essen- 
tial that  the  ores  to  be  amalgamated  shall 
contain  a  certain  proportion  of  sulphur, 
in  order  that  thev  may  decompose  enough 
of  sea  salt  in  trie  roasting  to  disengage 
as  much  chlorine  as  to  convert  all  the 
silver  present  into  a  chloride.  With  thia 
view^,  ores  poor  in  sulphur  are  mixed 
with  those  that  are  richer,  to  make  up  a 
determinate  average.  The  ore-post  is 
laid  upon  the  bed-foor,  in  a  rectangular 
heap,  about  17  ells  long,  and  41  ells  broad 
(18  yards  and  3i) ;  and  upon  that  layer 
the  requisite  quantity  of  salt  is  let  down 
from  the  floor  above,  through  a  wooden 
tunnel ;  40  cwts.  of  salt  being  allotted  to 
400  cwts.  of  ore.  The  heap  being  made 
up  with  alternate  strata  to  the  desired 
mafifnitude,  must  be  then  well  mixed, 
and  formed  into  small  bings,  called  roatt- 
po«tJtj  weighing  each  from  84  to  44  cwts. 

Roasting  of  the  amalganuUion  ores. — ^Tho 
furnaces  appropriated  to  the  roasting  ore- 
posts  are  ot  the  reverberatory  class,  pro- 
vided with  soot  chambers.  The  prepared 
ground  ore  is  spread  out  upon  the  hearth, 
and  dried  with  incessant  turning  over; 
then  the  flrc  is  raised  so  as  to  kindle  the 
sulphur,  and  keep  the  ore  redhot  for  one 
or  two  hours  ;  during  which  time,  dense 
white-jrray  vapora  ot  arsenic,  antimony, 
and  water,  are  exhaled.  The  desulphur- 
ation  next  begins,  with  the  appearance  of 
a  blue  flame.  This  continues  for  three 
hours,  durinjf  which  the  ignition  is  kept 
up.  Whenever  sulphurous  ncid  ceases 
to  be  fonned,  the  finishing  calcination  is 
to  be  commenced  with  inereaiied  firing ; 
the  object  being  now  to  decompose  the 
sea  salt  by  means  of  the  metallic  sul- 
phates that  have  been  generated,  to  eon- 
vert  them  into  chlorides,  with  the  simul- 
taneous production  of  sulphate  of  soda. 
The  stirring  is  to  be  continued  till  the 

{>roofs  taken  from  the  hearth  no  longer 
)etmy  the  smell  orsul})hurous,  but  only  of 
muriatic  acid  ^'us.  Oulot'the  /</<7i^cha.m- 
mirs  or  soot  vaults  (>t'  the  furnaces,  from 
96  to  lot)  cwts.  ot"  ore-dust  are  obtained, 
containing  16  lbs.  of  silver.    This  dustia 
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of  lime :  the  prooeas  is  recommeDded  as 
economical. 

Till  very  recently,  the  only  operations 
employed  for  separating  silver  fi*om  lead 
in  tlio  English  smclting-works,  were  the 
following : — 

1 .  Cupellation,  in  which  the  lead  was 
converted  into  a  vitreos  oxide,  which 
was  floated  off  from  the  surface  of  the 
silver.  * 

2.  Bcdnction  of  that  oxide,  commonly 
called  litharge. 

8.  Smelting  the  bottoms  of  the  cui>el8, 
to  extract  the  lead  which  had  soaked  into 
them,  in  a  glassy  state. 

Cnpellation  and  its  two  complementary 
operations  were,  in  many  respects,  od- 
jectionable  processes ;  from  the  injurious 
elVocts  of  the  lead  vapors  npon  the  health 
of  the  workmen ;  irora  the  very  consid- 
erable loss  of  metallic  lead,  amounting  to 
7  per  cent,  at  least;  and,  Instly,  from  the 
immense  consumption  of  fuel,  as  well  as 
from  the  vost  amount  of  manual  labor  in- 
curred in  such  comnlioated  operations. 
Hence,  unless  the  leaa  were  tolerably  rich 
in  silver,  it  would  not  bear  the  expense  of 
cnpellation . 

The  patent  process  lately  introduced 
bv  Mr.  I*attison,  of  Newcastle,  is  not  at 
afl  prejudicial  to  the  health  of  workmen; 
it  does  not  occasion  2  per  cent,  of  loss  of 
lead,  and  in  otlier  respects  is  so  economi- 
cal, that  it  is  now  prolitably  applied  in 
Nothumberland  to  alloys  too  poor  in  sil- 
ver to  be  treated  by  oupellation.  This 
T)rocess  is  founded  on  the  following  phe- 
nomena. 

At\er  melting  completely  an  alloy  of 
lend  and  silver,  if  we  allow  it  to  cool  very 
slowly,  continually  stirrintr  it  meanwhile 
with  a  rake,  we  shall  observe  at  a  certain 
period  a  continually  inerensinii'  number 
otiiuj)ertb('l  little  cnrstuls,  which  may  be 
tjiken  out  with  a  drainer,  exactly  as  we 
iiirtv  remove  the  crystals  of  sea  salt  de- 
])ositc(.l  (luriiitrtlic  concentration  of  brine, 
or  thowe  of  suli>hate  of  soda,  ns  its  ngi- 
tatc'd  solution  cools.  On  Hubmittin«]f  to 
anal>sisthe  metallic  crystals  thus  sepa- 
rated, and  also  the  liquid  metal  deprived 
of  them,  we  find  the  former  to  be  lead 
almost  alone,  but  the  latter  to  be  rich  in 
sihi-r,  wIh'Ii  conij)arcd  with  the  oriirinal 
allov.     The  more  of  the  crvstalline  par- 

■  •  I 

ticks  are  drained  from  the  metallic  >)ath, 
the  richer  does  the  mot/irr  licjuid  liecoine 
in  silver.  In  practice,  the  jioor  lead  is 
rai-^cd  ]»y  this  means  to  the  standanl  of 
the  ordinary  lead  of  the  litharfje  works; 
and  the  better  lead  is  made  ten  times 
richer.     This  verv  valuable  allov  is  then 


submitted  to  oupellation ;  but  as  it  oon* 
tains  only  a  tentn  part  of  the  quantity  of 
lead  subjected  to  crystallization,  the  loss 
in  the  cupel  will  be  obviously  reduced  to 
one-tenth  of  what  it  was  by  the  fonnei 
process ;  that  is,  seven-tenths  of  a  per 
cent,  instead  of  seven. 

Mr.  Johnson  proposes  to  treat  the  alloj 
first  with  acetic  cfid  to  lessen  the  quan- 
tity of  lead,  and  then  either  melt  it  or 
su\)iect  it  to  cupellation. 

I'he  treatment  of  the  compound  ores 
of  silver  is  usually  accomplished  either 
by  roasting  or  amal^mation.  A  consid- 
erable Quantity  of  silver  is  obtained  from 
argentircrous  galena.  In  fact,  almost 
every  specimen  of  native  sulphuret  of 
lead 'will  be  found  to  contain  traces  of 
this  metal.  When  the  proportion  rise» 
to  a  certain  amount  it  is  worth  extracting. 
The  ore  is  reduced  in  the  nsnal  manner, 
the  whole  of  the  silver  remaining  with 
the  lead  ;  the  latter  is  then  remelted  in  b 
large  vessel,  and  slowly  allowed  to  cool 
until  solidification  commences ;  the  por- 
tion which  first  crjstallizes  is  nearly  pnre 
lead,  the  alloy  with  silver  being  more 
fusible  than  lead  itself.  By  particular 
management  this  is  drained  away,  and  is 
foimd  to  contain  nearly  the  whole  of  the 
silver.  This  rich  mass  is  next  exposed 
to  a  red  heat  on  the  shallow  hearth  of  a 
furnace,  while  the  stream  of  air  is  allowed 
to  infringe  upon  its  surface.  Oxidation 
takes  place  with  great  rapidity :  the  fused 
oxide,  or  lUhargf^  being  constantly  swept 
from  the  metal  by  the  blast.  "When  the 
greater  part  of  the  lead  has  been  thus  re- 
moved, the  residue  is  transferred  to  shal- 
low dishes  made  of  bone  ash,  and  again 
heated.  The  last  of  the  lead  is  now  oxi- 
dated, and  the  oxide  sinks  in  a  melted 
state  into  tlie  porous  vessel,  while  the 
silver,  almost  chemically  pure  and  having 
a  brilliant  surtace,  remains  behind.     (6V* 

C«  PKLLATION.) 

When  silver  is  melted  in  open  vessels 
it  has  the  cnrious  property  of  absorbing 
oxvL'cn,  which  it  gives  out  when  it  con- 
geals. This  is  the  cause  of  the  appear- 
ance of  granular  er\'stallization  whicli  sil- 
ver assumes  when  fuistilv  cooled  :  a  small 
/)rv  c^ntaoe  of  copper  entirelv  prevents  the 
etTcct.     The  only  pure  aculs  which  act 

'  uiK)n  silver  arc  the  nitric  and  sulj«hnric. 
Tlie  nitric  acid  dissolves  silver  -without 
the  aid  of  heat,  nitrons  iras  is  evolvetl, 
and  a  dense  eulorluss  .••oliitlon  obtained, 

,  from  which  tabnhir  crystals  of  nitrate  of 

!  silver  may  be  jiroduccd  by  evaporation. 

I  ThciC  crystals  are  anhydrous,  and  consist 
of  118  oxi<le  of  silver  and  r>4  nitric  acid, 
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the  equivalent  of  silver  being  110.  When 
mcltedf  and  cost  into  ntick>»  or  qiiillit,  they 
form  the  lunar  cattstic  of  the  surgeons. 

Chloride  of  silver  is  readily  made  b^ 
adding  common  salt  to  u  solution  of  ni- 
trate of  silver.  It  is  a  white  curdy  pow- 
der which  becomes  violet  when  exposed 
to  sunshine,  and  is  soluble  in  water  of 
ammonia  and  alkaline  hyposulphites. 

SILVERING.  The  Covering  the  sur- 
face  of  metal,  or  other  body,  witri  a  bright 
coating  of  silver.  {See  Plate,  Manufac- 
ture OF.) 

The  dial-plates  of  dock**,  the  scales  of 
barometers,  and  other  similar  articles,  ore 
silvered  by  rubbing  upon  them  a  mixture 
of  muriate  of  silver,  sea-salt,  and  tartar, 
and  afterwards  washing  off  the  saline 
matter  with  water.  In  this  operation, 
the  silver  is  precipitated  from  the  muria- 
tic acid,  which  unites  with  part  of  the 
coppery  surface.  Silvering  of  pins  is 
efiected  by  boiling  them  with  tin  filings 
and  tartar. 

To  make  sJuU-nlver^  silver-leaf  is  ground 
with  gum-water,  or  honey :  the  gum,  or 
honev,  is  washed  away,  and  the  |)Owder 
whicK  remains  is  used  with  guni-watcr, 
or  white  of  eggs,  laid  on  with  a  huir- 
pencil. 

SUvering/i/r  hoking-glaMfs. — Look  i  ng- 
glasses  are  silvered  by  an  extemporaneous 
amalgamation  of  tin  and  quicksilver. 
Tin-foil  is  placed  on  the  buck  of  the  glass, 
and  some  quicksilver  is  poured  upon  it, 
and  spread  over  the  surface  with  a  hare's 
foot.  Another  glass  is  then  slid  over  the 
tin,  to  drive  off  part  of  the  quick>ilvcr ; 
and  pnper  and  a  board  being  laid  on  the 
tin,  It  18  strongly  pressed  with  a  number 
of  weights,  to  expel,  V>y  dourrct-s,  the 
puperflnouH  quieksilver,  nnd  leave  only  a 
crvhtallizcd  uinalgam  on  the  back  ot"  the 
glass. 

Mr.  Drayton,  some  years  back,  invert- 
ed a  new  mode  of  silvering,  by  u«»ii)|r  a 
solution  of  nitrate  of  silver  in  uniuionia, 
and  then  adding  a  smull  quantity  of 
essential  oil,  as  that  of  cloves,  eajeput, 
&c.  By  applying  gentle  heat,  in  a  short 
time  the  silver  is  reduced  in  a  beantitiil 
britrht  mirror  ii|>on  the  surface  of  the 
glass  ;  if  the  latter  surface  be  tlat,  walls 
oi  putty  arc  necessary.  l)ee]>  vessels 
can  have  the  solution  ]»onreil  in  and  al- 
lowed to  lay  till  deposition  takes  place. 

SilitvuKi  for  t/h'Us. — This  aJnal«,Mini   is   , 
made  by   di<.*iolving   one   pniunl   of  tin,   ' 
glass,    or   bismuth,     in    four    i)(>nji(ls    of  I 
qiiieksilvcr.     Tiie  i:l"h('s   to  1k>  sil\ered 
are    thoroii^'lily   cleaned    on    the    iii>ide, 
and  wanned ;    then  the  al)Ove  anial^'am  , 


being  heated,  eo  ns  to  be  perfectly  liqiiid, 

is  poured  in  oy  a  paper  ninncl,  ancf  tlic 
globe  inclined  in  various  dircctionn,  that, 
as  the  amalgam  crystallizes  by  cooling,  it 
may  adhere  to  all  parts  of  the  globe ;  tlie 
superfluous  amalgam  is  then  poured  oot. 
Silvering  ivory. — Immerse  a  slip  of 
ivory  in  a  weak  solation  of  nitrate  of  sil- 
ver, and  let  it  remain  till  the  solation  has 
giten  it  a  deep  yellow  color :  then  take  it 
out  and  immerse  it  in  a  tumbler  of  clear 
water,  and  expose  it  in  water  to  the  ravs 
of  the  sun.  In  about  three  boars  tLe 
ivorv  acquires  a  black  color,  bat  the 
black  surface,  on  bcin^  rabbcd,  is  soon 
changed  to  a  brilliant  silver. 

Silverina  Dagverrevtype  plaU$. — Preci- 
pitate oxide  of  silver  from  the  nitrate  by 
potass:  filter,  wash,  and  dry  it.  Dis- 
solve tnis  oxide  in  pare  liquid  ammonia, 
the  solation  will  Ims  of  a  yellow  color. 
Immerse  a  slip  of  polished  copper  in  it, 
and  let  the  moisture  evaporate.  When 
the  copper  is  ouite  dry,  hold  it  over  a 
charcoal  fire ;  ttie  oxide  will  be  decom- 
posed, and  the  metal  reduced  on  the  cop- 
per in  the  form  of  a  complete  coating. 
This  moy  be  made  beaatifullv  bright  hj 
polishing  with  leather.  It  oders  a  much 
more  brilliant  and  smooth  surface  than 
that  of  the  last  experiment,  and  is  a  ready 
method  of  silvering  copper-plates  for  the 
Daguerreotype  pictures.  It  is  not.  how- 
ever, equally  well  pertbrmed  as  by  tne  gal- 
vanic   process.      {See    Electro  Mstal- 

LIROY.) 

SKEW  BRIDGE.  In  engineerinir,  the 
name  given  to  a  kind  of  bridge  intro- 
duced upon  railroads,  when  the  railway 
intersects  any  existing  communication  at 
right  ancrlcs.  Such  bridges  were  occa- 
sionally built  before  railroads  were  intro- 
duced ;  but  their  general  introduction 
has  rendered  the  use  of  skew  bridfres 
universal  in  cases  where  it  may  be  neces- 
sary or  unavoidable  to  preserve'as  straight 
or  direct  a  line  as  jx)ssible. 

SLATES.  The  substances  belonging 
to  this  class  may  be  distributed  into  the 
following  species : — 

1.  Mica-sHate,  occasionally  used  for  co- 
vering houses. 

*2.  Clav-slate,  the  proper  roofing-slate. 

3.  Whet-slatc. 

4.  Poli^hine-slate. 

r».  Drawing-slate,  or  black  chalk. 

6.  A<lhesive  slate. 

7.  l^ituniinons  shale. 

5.  Slate-elay. 

Alird-slitt/. — This  is  a  mountain  rock 
of  vaat  ecntinuity  and  extent,  of  a  schis- 
tose texture,  composed  of  the  minerals 
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mica  and  quartz,  the  mioa  being  generally 
predominant. 

Cl<iy-slate. — ^This  substance  is  closely 
connected  with  mica;  so  that  uninter- 
rupted transitions  may  bo  found  between 
the.HC  two  rocks  in  many  mountain  chains. 
It  is  a  simple  scbiKtose  nias9,  of  a  blui^b- 
griiy,  or  grayish-black  color,  of  various 
shades,  and  a  shining,  somewhat  pearly 
internal  lustre  on  the  faces,  but  of  a  dead 
color  in  the  cross  fracture. 

Ail  the  best  beds  of  roofing-slate  im- 
prove in  quality  as  they  lie  deeper  under 
the  surface ;  near  to  which,  indeed,  they 
have  little  value. 

A  good  roofing  slate  should  split  read- 
ily into  thin  even  laminae :  it  should  not 
be  absorbent  of  water  eitner  on  ifv  face 
or  endwise,  a  property  evinced  by  its  not 
increasing  perceptibly  in  weight  after  im- 
mersion in  water;  and  it  should  be  sound, 
compact,  and  not  apt  to  disintegrate. 

Some  of  the  first  qualities  ot  slate  for 
roofing,  are  now  found  in  Vermont,  near 
Brattleboro\  It  equals  the  Welsh,  and 
somewhat  resembles  it.  It  is  also  lonnd 
in  Worcester  co.,  Harvard,  and  Pepperel, 
Mass.  It  occurs  over  a  larjre  tract  m  N. 
Carolina.  We  see  by  Arkansas  papers 
that  a  valuable  quarn'  of  it  has  just  been 
discovered  in  Eagle  Town,  in  the  (,'hoct4iw 
countrv.  The  slate  is  in  two  hills,  about 
a  hunared  feet  high,  which,  it  is  said,  are 
composed  wholly  of  slate. 

Slates  for  roofs,  are  trimmed,  shaped, 
and  bored  bv  the  slater.  The  roof  is 
boarded  with  feather-edged  weather- 
boards, and  the  slates  are  fixed  with  cop- 
per or  zinc  nails.  A  roof  should  incline 
trom  12°  to  25°.  The  best  slate  is  bluish- 
gray  ;  light-gray  is  stony  and  does  not 
shape  easily  ;  black  or  dark  absorbs  wet, 
and  quickly  decay's.  They  are  for  roofs, 
from  15  inches  by  8.  to  3*  feet  by  2  feet. 
The  Welsh,  Switzerland,  and  Kendal,  are 
the  best  and  liirjrest. 

It  is  al:*o  found  in  the  viclnitv  of  Bos- 
ton, at  Charleston,  Quincy,  anci  Meldon. 
Tnlcore  and  chlorite  slates  are  found  in 
the  New  England  states  abnndantly. 
These  are  the  gangue  of  the  gold  in  the 
southern  statcj*.  Drawing-slatea  are 
fouinl  in  Rhode  Island. 

SLEEPEli.  In  architecture,  a  piece  of 
timber  whereon  are  laid  the  ground  joists 
of  a  fioor.  SUepers  are  also  pieces  of  tim- 
ber, now  rarely  used,  in  foundations 
crossed  by  planks,  <fec.,  and  at  right 
ani^les  to  them,  where  the  soil  is  bad. 
Formerly  the  term  was  used  to  denote 
the  vallt'v  rafters  of  a  roof, 

SMALT.     A  fine  blue  color  used  in 
25 


punting  and  printing  npon  earthenware, 
and  applied  to  several  other  purposes  in 
the  arts.  The  finest  smalt  is  made  by 
fusing  glass  with  oxide  of  cobalt,  by 
which  a  very  deep  blue  oorapound  is  ob- 
ttiincd,  whidi,  when  finely  powdered, 
acquires  a  beautiful  azure  oofor.  Com- 
mon smalls  are  prepared  by  fusing  mix- 
tures of  zaffre,  sand,  and  pearlash. 

SMARA6D.  In  modern  times  used 
as  a  syuonvm  of  emerald  (which  see) ; 
but  applied  by  the  ancients  to  various 
other  precious  stones,  such  as  fiuor  spar, 
green  vitrified  lava,  green  jasper,  ana 
green  glass.  The  smaragd  is  found  in 
various  parts  of  Europe,  Asia,  and  Ame- 
rica ;  but  particularly  in  the  Ural  moun- 
tains, and  in  the  mines  of  Chili  and 
^Icxico. 

SMELLING  SALTS  are  usually  either 
pure  ammonia  or  its  carbonate.  Take  a 
small  piece  of  burnt  unslaked  lime,  say 
1  k  oz.,  and  add  to  it  in  a  mortar  1  oz.  of 
muriate  of  ammonia,  rub  them  well  to- 
gether, and  the  pungent  smell  of  ammonia- 
cal  gas  will  be  given  off;  then  bottle,  per- 
fume it,  and  cork.  The  chlorine  of  the 
sal-ammoniac  has  a  greater  affinity  for 
lime  than  ammonia,  it  therefore  leaves 
the  ammonia  and  combines  with  the  lime, 
fbnning  the  chloride  of  calcium,  whilst 
the  ammouiacal  gas  is  set  at  liberty. 

SOAP.  This  useful  compound  is  ob- 
tained by  the  action  of  alkalies  upon  oily 
substances.  There  are,  acoordmgly,  a 
great  variety  of  soaps ;  but  those  com- 
monly emploved  may  be  considered  un- 
der the  heads  of— 1,  fine  white  soaps, 
scented  soap,  &c. ;  2,  coarse  househola 
soaps ;  8,  soft  soaps.  The  materials  used 
in  the  manufacture  of  white  soaps  are 
frenerally  olive  oil  and  carbonate  or  soda : 
the  latter  is  rendered  caustic  by  the  oper- 
ation of  (^uicklim0,  and  the  solution  thus 
obtained  is  called  soap  leu.  The  oil  and 
a  weak  ley  are  first  boiled  together,  and 
portions  of  stronjrer  ley  are  gradually 
added,  till  the  soap,  produced  by  the  mu- 
tual action  of  the  oil  and  alkuli,  begins  to 
become  tenacious,  and  to  separate  A*om 
the  water;  some  common  salt  is  then 
generallv  added  to  promote  the  granula- 
tion and  perfect  separation  of  the  soap : 
the  fire  is  then  drawn,  and  the  contents 
of  the  boiler  allowed  to  remain  for  some 
hours  at  rest,  so  that  the  soap  may  more 
completely  collect.  Wlien  it  is  perfect  it 
is  put  into  wooden  frames  or  moulds; 
ana  when  stiff  enough  to  be  handled,  it 
is  cut  into  oblonsr  •slices  and  dried  in  an 
airv  room.  Perfumes  are  occasionally 
added,  or  various  coloring  matters  stirred 
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in  while  the  soap  is  semiflnid  to  give  it  a 
mottled  appearance.  The  Spfinish  Boap 
is  marbled  by  stirring  into  it  a  solution  of 
snlphate  of  iron,  which  is  decomposed 
by  the  soap,  and  black  oxide  of  iron  se- 
parated in  streaks  and  patches  through 
the  mass.  The  action  of  the  air  converts 
the  exterior  into  red  oxide,  while  the  in- 
terior long  retains  its  black  color ;  hence 
a  slice  of  this  soap  presents  a  black  mot- 
tled centre,  surrounded  by  a  reddened 
external  layer. 

Common  household  soaps  are  made 
chielly  of  soda  and  tallow ;  or  if  potash  is 
used,  a  largo  addition  of  common  salt 
is  made  to  harden  the  soap,  which  it  pro- 
bably etfects  by  the  transrerence  of  soda. 
Yellow  soap  has  a  portion  of  resin  added 
to  it.    Soft  soaps  are  generally  made  with 

f)otash  instead  of  soda,  and  fish  oil :  it 
las  a  tenacious  consistence,  and  appears 
granulated.  Soap  is  soluble  in  pure 
water  and  in  alcohol ;  the  latter  solution 
jellUs  when  concentrated,  and  is  medi- 
cinally known  under  the  name  of  oimlel- 
doc.  When  carefully  evaporated  the  soup 
remains  in  a  gelatinous  state,  which 
forms,  when  dry,  the  article  sold  under 
the  name  of  transpnrenf:  map. 

The  earths  and  common  metallic  oxides 
form  insoluble  srtaps ;  and  accordingly 
these  are  precipitated  when  earthy  and 
metallic  salts  are  added  to  solution  cf 
soap.  It  is  the  sulphate  of  lime  and  car- 
bonate of  lime  in  common  sprmu  water 
which  thus  render  it  unfit  for  washiufr, 
and  give  it  what  is  termed  hardnem  :  and, 
upon  this  principle,  a  spirituons  solution 
of  poap  is  a  simple  and  valuable  test  of 
the  fitness  of  any  river  or  spring  water 
for  the  purposes  of  the  laundry.  If  it 
merely  renders  the  water  slii^htly  opal- 
escent, as  is  the  case  with  ruin  and  otliur 
soil  waters,  it  may  be  used  for  washini:; 
but  if  it  become  milky,  it  is  usually  too 
hard  to  be  conveniently  ejn]>loyed ;' and 
when  one  washes  the  skin  witli  hard  water, 
the  separation  of  the  insoluble  ealeareous  | 
soap  is  extremely  disittrreeable ;  it  ad- 
heres to  the  skin,  and  soils  instead  of  j 
cleansiuir  it.  j 

The  chemical  nature  of  soap  lias  been  ! 
laboriously  examined  bv  Chevreul,  who  ' 
has  shown  that  the  alkali  in  the  ])roce>s  ' 
of  sajionitlcation  converts  the  oil  into  ]>e-  I 
euliar  a«-/</.f,  as  he  tcnns  tiiein;  the  elain 
of  the   oil    tbnning  "hir  ncii/,   and    the 
Htearinc   7iwra<u'ic  arid:    so  tht  siiluble 
soaps  are  olciites  and  mar)_Mrates  of  so<la 
and  potash.     lie  has  enumerated  several 
other  fatty  acids  similarly  produced. 

All  new  soaps  contain  a  eoiibiderable 


portion  of  adhering  water,  a  great  part  of 
which  they  lose  when  kept  in  a  dry  place : 
hence  the  economy  and  excellence  of  ola 
soap  :  and  hence  the  dealers  in  soap  ge- 
nerally keep  it  in  a  damp  cellar^  that  it 
may  not  lose  weight  by  evaporation  ;  or, 
as  it  is  said,  sometimes  immerse  it  in 
brine,  which  does   not  dissolve  it.  but 
keeps  it  in  its  utmost  state  of  humidity. 
Soap  may  bo  considered  as  a  necessxirr 
of  life  ;  in  all  civilized  countries  its  eoji"- 
snmption   is    immense.      According   to 
Pliny,  the  invention  of  soap  mast  I>e 
ascribed  to  the  Gauls,  by  whom,  he  says, 
it  was  composed  of  tallow  and  ashes, 
though  the  German  soap  was  considered 
the  best. 

Liebig  has  forcibly  observed  that  we 
mav  estimate  the  conditions  of  comfort 
and  civilization  of  a  nation  by  the  qnan 
tity  of  soap  which  it  consumes. 

0/  the  manvfacture  of  hard  soap. — The 
fat  of  this  soap  is  usually  tallow  or  coarse 
olive  oil.    Different  specicR  of  grease  are 
saponified  by  soda,  with  different  degrees 
of  facility;  among  oils,  the  olive,  sweet 
almond,  rapeseed,   and  castor  oil;    and 
among  solid  fats,  tallow,  bone  grea.'^e,  and 
butter,  are  most  easily  saponified.     From 
12  to  13  cwts.  of  tallow  are  estimated  to 
j)roduco  one  ton  of  good  soap.     Some 
veal's   ai'o,   in   many  manufactories   the 
tallow  used  to  be  saponified  with  potash 
leys,  and  the  resulting  soft  soap  was  con- 
verted, in  the  course  of  the  process,  into 
hard  boap,  by  the  introduction  of  murialo 
of  soda,  or  weak  kelp  leys,  in  sufficient 
quantity  to  furnish  the  proper  quantity 
of  soda  by  the  reaction  o!  the  potash  up- 
on the  neutral  salts.     But  the  nigh  price 
of  I'otash.   and  the  diminished  price  aa 
well  as  ini]'roved  quality  of  the  crude 
sodas,  have  led  to  their  general  adoption 
in  soap-works.      The  soda-ash  used  by 
the  soap-boiler,  contains  in  general  about 
Ht;  per  eent.  of  real  soda,  in  the  state  of 
dry  ciirbonate,    mixed   with   muriate    of 
Hochi,  and  more   or  less   undecomposed 
siil[tlia!e.     Tlie.  barillas  from  Spain  and 
Teiierille  eoiitain  from  18  to  24  per  cent. 
of  real  soda. 

The  crude  soda  beinsr  ground,  is  to  be 
stratified  with  lime  in  evlindrical  cast- 
iron  vats,  fnuii  »;  to  7  feet  wide,  and  from 
4  to  r>  ll-it  deep;  The  lowest  layer  con- 
sistitiL',  ot  curse,  of  unslaked  or  shell 
quicklime.  The  vats  have  a  false  bottom, 
i>crturatcd  with  IidIcs,  :ind  a  lateral  tubu- 
lure  under  it,  dosed  eonunonly  with  a 
wooden  plu&r.  similar  to  the  rpin4'  of  the 
French  soup  pans,  by  which  the  leva 
trickle  olf  clear  and  caustic,  aAer  infiltra- 
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tion  throuflrh  the  beds  of  lime.  The 
Qiiuiitity  of  lime  mur*t  be  proportional  to 
the  carbonic  acid  in  tlic  soda. 

Upon  1  ton  of  tallow  put  into  the  soap 
pan,  about  200  pallons  of  soda  ley,  of 
specific  jjravitv  1*040,  bein^r  poured,  heat 
is  applied,  and  after  a  very  gentle  ebulli- 
tion or  about  4  hours,  the  fat  will  be 
found  to  be  completely  saponified,  by  the 
test  of  the  sputula,  trowel,  or  pallet  kioife ; 
for  the  fluid  ley  will  bo  seen  to  separate 
at  once  upon  the  steel  blade,  from  the 
so:ipy  pawtc.  Such  leys,  if  composed  of 
pure  caustic  soda,  would  contam  4  per 
c<*nt.  of  alkali ;  but  from  the  presence  of 
neutro-saline  matter,  the^' seldom  contain 
eo  much  as  2  per  cent. ;  in  fact,  a  gallon 
may  be  estimated  to  contain  not  more 
than  2  ounce:* ;  so  that  200  gallons  con- 
tain 25  pounds  of  real  soda.  The  fire  bo- 
injf  witlidrawn  from  the  soap-pan,  the 
mass  is  allowed  to  cool  during  one  hour, 
or  a  little  more,  after  which  the  spent 
leys,  which  are  not  at  all  alkaline,  are  run 
ot'f  by  a  spigot  below,  or  pumped  otF 
aVjove,  bv  a  pump  set  into  the  pan.  A 
second  similar  charge  of  ley  is  now  intro- 
duced into  the  pan,  and  a  similar  boiling 
process  is  reu'iwed.  Three  such  boils 
may  be  given  in  the  course  of  one  day's 
work,  by  an  active  soap-maker.  Next 
day  the  same  routine  is  resumed  willi 
BOtnewhat  stronger  leys,  and  so  progres- 
sively, till,  towards  the  sixth  day,  the  lev 
may  have  the  density  of  1-160,  and  will 
be  found  to  contain  6  per  cent,  of  real 
soda.  Were  the  ley  a  solution  of  pure 
caustic  soda,  it  would  contain  at  this 
density  no  less  than  14f  per  cent,  of  al- 
kali. The  neutro-saline  matter  present 
in  the  spent  ley  is  essential  to  the  proper 
granulation  an<l  separation  of  the  sapo- 
naceous compound  ;  for  otherwise  the 
waterv  niensiruum  would  dilute  and  even 
liouety  the  soap.  SupposinsT  1-i  ewts.  of 
tallow  to  yield  u])on  an  aveniire  20  ewts. 
of  liard  soap,  then  20  ewts.  of  tallow  will 
pro<liiee  32  ewts. 

()/  yAhnv  or  ronin  snnji. — Rosin,  ol- 
tlion;/h  very  soluble  in  alkaline  menstrua, 
in  nut  however  susceptible,  like  fats,  of 
hi'wxz  transformed  into  an  noid,  and  will 
not  of  course  saponify,  or  form  a  proper 
^•»:^p  bv  it>elf  The  more  caustic  the  al- 
kali, the  le>s  consistence  has  the  resin- 
on**  coinponnd  which  is  made  with  it. 
I  fence  fat  of  some  kind,  in  eonsiderahle 
]>r<)j)orti<)n,  must  be  use«l  alonir  with  the 
rosin,  the  ininniuim  beiiiir  ecjiial  parts; 
and  then  the  soup  is  far  tVoin  bein<^irood. 
As  alkaline  matter  cannot  be  neutralized 
by  rosin,  it  preserves  \u  peculiar  acri- 


mony in  a  soap  poor  in  fat,  and  is  ready 
to  act  too  powerfully  upon  woollen  and 
all  other  annnol  fibres  to  which  it  is  ap- 
plied.    It  is  said  that  rancid  tallow  serves 
to  mask  the  strong  odor  of  rosin  in  soap, 
more  than  any  oil  or  other  species  of  fat. 
From  wiuit  we  have  just  said,  it  is  ob- 
viously needless  to  make  the  rosin  used 
for  yellow  soaps  pass  through  all  the 
stjiges  of  the  saponifying  process;   nor 
would  this  indeed  be  proper,  as  a  portion 
of  the  rosin  would  be  carried  away,  and 
wasted  with  the  spent  leys.     The  best 
mode  of  proceeding,  therefore,  is  first  of 
all  to  maice  tha  hard  soap  in  the  usual 
manner,  and  at  the  hist  service  or  charge 
of  ley,  namelv,  when  this  ceases  to  be 
absorbed,  and  preserves  in  the  boiling- 
pan  its  entire  causticity,  to  add  the  pro- 
fortion  of  rosin  intended  for  the  soap, 
n  order  to  facilitate  the  solution  of  the 
rosin  in  the  soap,  it  should  be  reduced 
to  coarse  powder,  and  well  incorporated 
by  stirring  with  the  rake.    The  propor- 
tion of  rosin  is  usually  from  one-third  to 
one-fourth  the  weight  of  the  taillow.   The 
boil  must  be  kept  up  for  some  time  with 
an  excess  of  caustic  ley ;    and  when  the 
paste  is  found,  on  coohng  a  sample  of  it, 
to  acquire  a  solid  consistence,  and  when 
diffused  in  a  little  water,  not  to  leave  a 
resinous  varnish  on  the  skin,  we  may 
consider  the  soap  to  be  finished.      We 
next  proceed  to  dniw  off  the  superfluous 
leys,  and  to  purify  the  paste.     For  this 
purpose,  a  quantity  of  leys  at  80^  B.  be- 
ing poured  in,  the  mass  is  heated,  work- 
ed well  with  a  rake,  then  allowed  to  set- 
tle, and  drained  of  its  leys.     A  second 
service  of  leys,  at  4°  B.,  is  now  intro- 
duced, and  timilly  one  at  2'^  ;   atlcr  each 
of  which,  there  is  the  usual  agitiition  and 
period  of  repose.     The  pan  being  now 
skimmed,    and   the   scum   removed   for 
another  operation,  the  soap  is  laded  oflf 
by  hund-pails  into  its  frame-moulds.     A 
little  palm  oil  is  usually  employed  in  the 
manufacture  of  yellow  soap,  in  order  to 
correct    the    flavor    of  the    rosin,    and 
briirhtcn   tlio  color.      This   soap,   wlien 
well  nuule,  ought  to  be  of  a  fine  wox-vel- 
low  hue,  be  transparent  upon  t)ie  edges 
of  the  bars,  dissolve  readily  in  water,  and 
artord,  even  with  hard  pump-water,  an 
excellent  lather. 

The  frame-moulds  for  hard  soap  are 
composed  of  strong  wooden  bars,  ma<lo 
into  the  form  of  a  paralleloirrain,  which 
are  ]iilcd  over  each  other,  an<l  bound  to- 
irether  by  screwed  iron  rods,  that  pass 
down  through  them.  A  square  well  is 
thus  formed,  which  in  large  soap  fucto- 


rie»  ii  noDietinira  10  feet  deep,  and  oipa- 
ble  orcontiUQlng  a  cou)>Jeof  lotinofooup. 

Hr.  Sheridan  tfome  (luie  i^ince  obtnincd 
k  patent  Tor  i-ombinin^  niLiootc  of  hoiIu 
wicli  hard  90sp,  by  trilunilhi^  tbein  to- 
gellier  in  the  liot  and  piisty  slate  v'-'-  - 
cruluh  in  an  iron  pan.  In  tliia  waj 
10  to  30  per  cent,  of  the  sillrute  int 
iQtrodULfid.  Sucli  Boun  pos^rti^c^  very 
powcrfal  detergent  qualities,  bill  it  is  apt 
to  f««l  linrd  and  be  aouion-liat  grilly  in 
U3«.  Tlie  Biliealed  podu  is  prepnred  by 
boiliniF  ground  flinta  in  a  Hiroiig  esuntic 
ley,  tut  the  epeciflo  gravitv  of  ttie  com- 
pound rises  to  nearly  doulJe  tlio  density 
ofwatir.  It  then  containsabout  35  aniins 
of  silica,  and  40  of  soda-liydrata,  in  luu 
graiu*. 

ilard  soap,  after remoininatwodnVB in 
the  franicK,  is  at  flrst  divided  horizouliilly 
into  parallel  tablets,  3  or  4  inebe*  lliivk, 
by  a  brn»  vire ;  and  tlie«e  lablets  are 
a^in  cut  vertically  into  oblong  nearly 
square  bun,  tnllvd  wedges  iu  Scoilonil. 

Dr.  Ure  exiiinined  acvcrjil  soups,  and 
«...■,.!  ri,~: "--'"T  soinewliat  diffor- 
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soap  with  base  of  polaah.depeniln  npoa 


For  in 


The  foreign  Castile  soupof  tlio  apotlic 
cary  has  a  spceiAc  gravity  of  L'OTOJ,  uiii 
coiisislH  of— 


A  perfiiuier'a  while  soap  was  found  to 

wiSJr?^!*'::::"":::::::::;::::!!! 

»pi» 4'5 

Tliia  remarltnhlo  soap  was  aullicientlv 
solid;  hill  it  di-^olved  U  hot  wuti-r  witii 
exirvnie  fui^litv.  It  i<  eallcd  iinirlne  s<up, 
because  it  wa^]l<>s  [incii  willi  sea  water. 

A  imppy-nul  oil   bard  so:ip  consisted 


Tlie  former  absorb  a  large  quantity  of  it, 
and  become  solid ;  Iliey  are  clieniicai 
hydrates.  Tlio  other3eip«riBncoamui.'h 
lecbler  cohesive  Bttruction  J  but  ibey  rc- 


is  preferred  Ibr  many  pnrposeo,  aiid  csp-i- 
dally   for  acooring   woollen    yams   and 

Soft  sonpK  arc   UAuallv  made  ia  this 
country  luij  in  Enzlund  willi  wbale,  wal. 


r  tallow ;  on 

Europe, 

seed,  linseed 

Tlie  pt.tns 

1  -a.     A  porUoQ 

heulod  to  i,eiirl>  the  !»> 

r'X'^MtorTeV 

■ed;  lliefire 

jeing  kcjil  up  at. 

di-sIiniNl  tor  the  pan  ia  intnuiamr  Tijs 
ebnlition  is  kepi  up  in  the  geutlest  marf 
ner  poiisiblo,Biid  aume  stronger  ley  to  occa- 
sionally added,  till  the  workmen  judire  the 
lajioni  Heat  ion  lo  be  poniicl.  Ttie  boiling 
liecoinea  progresnively  loss  tumultuous, 
the  frothy  mass  lubaides,  the  paste 
t-ruws  Imupparent,  and  gnidually  ihick- 
viis.  The  opcmlion  is  couBidered  to  b« 
Unished  when  Clie  paste  ceases  to  atfect 
I  he  t'iii>;iic  with  an  acrid  pungency,  when 

n'licti  a  liitio  of  the  siiap  placed  locool 
iipoii  a  gliiss-plate  ssauines  the  proper 

»|«ctivcly,  of  the  value, 


ib»  a 


[  lS4t>  T> 


»««,™i 

is»9 m'".-ta 

StIAPSTOXB.     CSee  Steatite.) 
SUDA.    Kulron;  mineral  alkidi.    This 
mjiortant  and  uaeliil  ■iibaiance  is    an 
ixidc  of  sodium.  Imodium  wan  discovered 
i.y  Uiivy  ill  lUiS.     It  is  a  iiu-tal  niucli  re- 


bout  upon  the  aurtiu». 
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and  rapidly  disa^pcnra,  beinjif  converted 
into  Hodo,  which  is  dissolved  in  tho  water, 
and  ^ives  it  an  alkaline  reaction.  The 
spocinc  gravity  of  Hodium  isOi>7.  By  the 
quantity  of  hydrogen  evolved  during  the 
action  of  sodium  on  water,  we  learn  that 
Bodu,  or  oxide  of  sodium,  consists  of  1 
equivalent  of  »odium=24,  and  1  of  oxy- 

?:eii=8.    The  equivalent  of  soda,  there- 
iDre,  is  82.     The    commercial  demands 
for  soda  are  chiefly  supplied  from  two 
sources :  the  combustion  of  marine  vege- 
tables, such  as  common  sea-weed  and  the 
gal^tola  soda,  which  furnish  th^  impure 
alkalies  called  help  and  bariUu  ;  and  the 
decomposition  of  common  salt,  or,  rather, 
perliaps,  of  sulphate  of  soda,  obtained  by 
the  decomposition  of  salt  d^  sulphuric 
acid.      Carbonate  of  soda  iorms    large 
rhombo-prismatic  crystals^  composed  of 
82   soda -I- 22   carbonic   acid +  90   water. 
Tliev  fuse  in  their  water  of  crystallization 
at  about  150°,  and  it  may  beditirely  ex- 
pelled by  exposure  to  heat.    They  efflo- 
resce when  exposed  to  air.    Sulphate  of 
soda,  or  Glauber's  salt,  is  tiie  result  of 
the  action  of  sulphuric  acid  upon  com- 
mon salt  {see  Muriatic  Acid.)     It  con- 
sii»t8  of  32  »oda+ 40  sulphuric  acid;  and 
the  crystals  are  constituted  of  72  dry  sul- 
phate and  90  water  :  they  are  efllorescent, 
and  soluble  in  about  three  parts  of  cold 
water.     When  sodium  is  introduced  into 
chlorine,  it  imniodiately  combines  with  it 
to  form  chloride  of  sodium,  or  common 
salt;  if  Iieated  in  the  jbtos,  it  burns  verv 
vividly :  24  parts  of  sodium  combine  witn 
86  of'chlonne  to  form  60  parts  of  this 
important  ond  well-known  compound  {see 
Salt.)   When  chlorine  gas  is  passed  into 
a  weak  solution  of  ciuistic  soda  it  is  ab- 
sorV)cd,  and  a  useful  bleaching  and  disin- 
fecting solution  is  obtained,  which  has 
been  called  Labarracqut  s  duanftctintj  soda 
liquid. 

Caustic  Soda — Hydrate  of  S^jda. — NaO, 
IK). — This  substance  is  prepared  in 
priK-iice  by  decomposing  a  nomewhat 
dilute  solution  of  ctirbonate  of  t*oda  by 
hydrate  of  lime;  the  description  of  the 
process  employed  in  the  case  of  hydnite 
of  potash,  and  the  precautions  necessary, 
apply  word  for  word  to  that  of  soda. 

The  solid  hvdrate  is  a  white,  fusible 
substance,  very  similar  in  properties  to 
hydrate  of  potash.  It  is  deli(^uescent, 
but  dries  up  aj?ain  after  a  time  in  conse- 
quence of  the  absorption  of  carbonic 
fieid.  The  solution  is  highly  alkaline, 
and  a  powerful  solvent  for  animal  matter; 
it  is  used  in  large  quantity  for  making 
Boap. 


The  strength  of  a  solution  of  canstio 
soda  may  be  roughly  determined  fVom  a 
knowledge  of  its  density,  by  tJie  aid  of 
the  following  table,  drawn  up  by  Dr. 
Dal  ton. 

Table  of  Density. 

200 778 

185  636 

172 538 

1  63 466 

1-55 41'2 

1-50 268 

147  340 

1-44 310 

140 2iO 

136 23-0 

132 230 

129  19-0 

123  160 

WS 13-0 

1  12 90 

1-06 4-7 

Curhonate  o/ *Sw/a.— NaO,  COa-HOlIO. 
Carbonate  of  soda  was  once  exclu- 
sivolv  obtained  ft'om  the  ashes  of  sea- 
weeds, and  of  phi'its,  such  as  the  salsola 
sod*!^  which  crrew  bv  the  sea-side,  or  be- 
ing cultivated  in  suitable  localities  for  the 
purpose,  were  afterwards  subjected  to  in- 
cineration. The  fxirilia  yet  employed  in 
soap-making.  Is  thus  jiroduced  in  several 
places  on  the  coast  or  Spain,  as  Alicant, 
Carthagena,  &c.  That  made  in  Brittany 
is  called  rar^c. 

Carbonate  of  soda  is  now  manufactured 
on  a  stupendous  scale  from  common  salt, 
or  nithef  from  sulphate  of  soda^  by  a  pro- 
cess of  which  the  following  is  an  out- 
line— 

A  charge  of  600  lbs.  of  common  salt  is 
placed  upon  the  hearth  of  a  well-heated 
rcverberatory  furnace,  and  an  equal 
weight  of  Hulphuric  acid  of  sp.  gr.  1'6 
poured  upon  it  through  an  openmg  in  the 
I  roof,  ana  thoroughly  mingled  with  tho 
salt ;  hvdrochlori^  acid  gas  is  disengaged, 
which  IS  usually  allowed  to  escape  by  the 
chimney,  and  the  salt  is  converted  into 
sulphate  of  soda.  This  part  of  the  pro- 
cess takes  for  completion  about  four 
hours,  and  requires  much  care  and  skill. 

The  sulphate  is  next  reduced  to  pow- 
der, and  mixed  with  an  eoual  weight  of 
chalk  or  limestone,  and  iiulf  as  much 
small  coal,  both  ground  or  crushed.  The 
mixture  is  thrown  into  a  rev*»rbenitory 
furnace,  and  heated  to  fusion,  with  con- 
stant stirring  ;  2  cwt.  is  about  the  quan- 
tity operated  on  at  once.  When  the  de- 
composition is  jndL'cd  complete,  the 
melted  matter  is  raked  from  the  funiaoe 
into    an  iron    trough,    where    it  is  al- 


682 


CYCLOPEDIA  OF  THE  USEFUL  ARTB. 


[aoc 


lowed  to  cool.  When  cold,  it  is  brok- 
en up  into  little  piecciti  and  lixiviated 
with  cold  or  tepid  water*  The  8olution 
ie  evapomted  to  dryness,  and  the  salt 
calcined  with  a  little  saw-dust  in  a  {suitable 
furnace.  The  product  is  the  soda-ash  of 
commerce,  which,  wlicn  of  good  quality, 
contains  from  48  to  52  per  cent,  of  pure 
soda,  partly  in  the  state  of  carbonate,  and 
partlv  oa  hydrate,  the  remainder  being 
chieny  sulpliate  of  soda  and  common  salt, 
with  occasional  traces  of  sulphite  or  hy- 
posulphitey  and  also  cyanide  of  sodium. 
By  dissolving  soda-ash  in  hot  water,  fil- 
tering the  solution,  and  then  allowing  it 
to  cool  slowly,  the  carbonate  is  deposited 
in  large  tninsptirent  crystals. 

The  re-action  which  takes  place  in  the 
calcination  of  the  sulphate  with  chalk  and 
coal-dust,  seems  to  consist,  first,  in  the 
conversion  of  the  sulphate  of  soda  into 
Bulphuret  of  sodium  bv  the  «id  of  the 
combustible  matter,  and  secondly,  in  the 
double  interchange  of  elements  between 
that  substance  and  the  carbonate  of  lime. 

The  siilphurct  of  calcium,  thus  pro- 
duced, combines  with  another  proportion 
of  lime  to  form  a  peculiar  compound, 
which  is  insoluble  in  cold  or  slightly  warm 
water. 

Other  processes  have  been  proposed, 
and  even  carried  into  execution,  but  the 
above  is  found  most  advantajreous. 

The  ordinary  crystals  of  carbonate  of 
Boda  contain  10  equivalents  of  water,  but 
by  particular  management  the  same  salt 
may  be  had  with  seven  equivulents,  or 
sometimes  with  only  one — inese  ditl'cr  in 
figure  from  the  preceding.  The  common 
form  of  the  crystal  is  derived  from  an 
oblique  rhombic  prism  :  they  clilorcsee  in 
dry  air,  and  crumble  to  white  powder. 
Heated,  they  fuse  in  tlicir  water  of  crys- 
talliziition  :  when  the  latter  lias  been  ex- 
pelled, and  the  dry  salt  expo&cd  to  a  full 
red  heat,  it  melts  without  undergoing 
change.  The  common  crystals  dissolve 
in  two  parts  of  cold,  and  in  less  tlum 
their  own  weight  of  boilinflr  water;  tlie 
solution  has  a  strong,  disagreeable,  alka- 
line taste,  and  a  powerful  jilkaline  re- 
action. 

Blcarl^nnate  of  .SWa.— NaO,  CO-'-f  HO, 
CO-. — This  sale  is  prepared  by  passinir 
carbonic  acid  gas  into  a  c(»ld  soluiion  of 
the  neutnd  carbonate,  or  by  j»laoinLr  the 
crvstals  in  an  atmos|»here  of  the  ira<, 
wliich  is  ra[)i(-lly  absorbed,  while  the  er\s- 
tals  lose  the  irreater  part  of  their  water, 
and  pass  into  the  new  eoniponnd. 

Biearbonatcof  soila,  pre[>ared  ]>y  cither 
process,   is  a  crystalline  white   powder, 


which  cannot  be  re-di»solved  in  warm 
water  without  partial  decomposition.  It 
requires  10  parts  of  water  at  60°  for  solu- 
tion ;  the  liquid  is  feebly  alkaline  to  test- 
paper,  and  has  a  much  milder  taste  than 
that  of  the  simple  carbona^e.  It  does  not 
precipitate  a  soluiion  of  magnesia.  Sj 
exposure  to  heat,  the  salt  is  converted 
into  neutral  carbonate. 

A  scsQuicarbonate  of  soda  oontaininff 
2NttO,  sOOi  +  4H0  has  been  described 
by  Mr.  Phillips;  like  the  sesqnicarboniite 
of  potash,  it  cannot  be  formeclat  pleasure. 
This  salt  occurs  native  on  the  Wnks  of 
the  soda-lakes  of  Sakena  in  Africa, 
whence  it  is  exported  under  the  name  of 
Trona. 

A  new  process  for  mannfactnrinff  bicar- 
bonate of  soda  has  been  patented  in  this 
country,  which  consists  m  exposing  the 
crude  carbonate  of  soda,  moistened  in 
trays  laid  on  shelves,  in  an  air-tight 
apartment,  into  which  steam  and  car- 
bonic acid,  from  the  flue  of  an  anthra- 
cite stove,  are  driven  in  for  7  or  10  days, 
until  the  soda  will  take  up  no  more  acid. 
It  is  then  found  that  the  soda  has  al>- 
sorbcd  one  half  an  equivalent  more  of 
carbonic  acid,  forming  a  sesquicarbon- 
ate.  The  mass  is  taken  and  ground  to 
powder  in  a  mill.  This  substance  is  now- 
used  in  making  domestic  bread,  and 
henee  is  called  hread  9oda, 

SODA  ASH.  Crude  carbonate  of 
soda. 

SODA  WATER.  This  common  and 
refreshing  beverage  is,  as  usually  pre- 
pared, a  supersaturated  solution  of 
carbonic  acid  gas  in  water.  True  *cv/a 
uat*r  was  formerly  prepared  (and  is  still 
bv  some  manufacturers)  for  medical  use. 
cfiicfly  as  a  remedy  for  heartburn,  and 
certain  forms  of  dyspepsia  and  calculous 
complaints;  and  consisted  of  one,  two, 
or  three  drachms  of  carbonate  of  soda, 
dissolved  in  a  pint  of  water  highly  im- 
pregnated with  carbonic  acid.  This  is 
often  a  valuable  remedy ;  but  would 
sometimes  be  attended  by  mischievous 
results,  especially  if  indulged  in  to  the 
extent  to  wiiieh  some  persons  pursue  the 
use  o^  soda  water.  The  mere  aqueous 
Bohuion  of  carbonic  acid,  which  is  made 
by  f(»reing  tlie  gas  into  water  by  a  con- 
densing ]»unip,  and  under  a  pressure  of 
six  or  eiu'iil  atmospheres,  is  an  agreeable 
and,  generally  speaking,  harmless  dilu- 
ent. 

In  a  stroiiff  vesssel,  whiting  or  powder- 
ed niarl)le  is  plaeed,  and  dilute  oil  of 
vitriol  poured  over  it :  etfervescence  im- 
mediately occurs  owing  to  the  escape  of 
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ORrbonic  acid.  This  gas  is  conveyed  by 
pipes  into  the  vessel  containing  the  water 
to  be  impregnated,  into  which  it  is  driven 
with  so  much  force,  and  under  so  great 
pressure,  that  a  largo  proportion  of  the 
firos  is  absorbed  and  retained  in  sohition 
by  the  water.  When  the  pressure  is  re- 
moved, as  when  the  water  is  drawn  from 
the  fountain,  the  extra  quantity  of  gas 
held  in  solution  previously,  escapes. 

Bakeweirs  apparatus  consists  of  an  ex- 
ternal cjising  ol  a  cylindrical  form,  with 
spherioil  ends,  made  strong  enough  to 
resist  a  pressure  of  several  atmospheres. 
There  is  a  partition  about  two -thirds 
from  the  top  of  the  vessel.  The  bottom 
partf  is  a  receptacle  for  the  chalk,  or  other 
suitable  material,  and  water  from  which 
the  Ciirbonic  acia  gas  is  to  bo  generated ; 
then  there  is  a  vessel  containing  diluted 
sulphuric  or  muriatic  acid,  which  posses 
out  in  small  quantities,  as  rcquirea,  into 
the  vessel.  When  the  chalk  and  acid 
receptacles  are  to  be  supplied  with  those 
injrredients,  the  apparatus  is  to  be  turned 
on  its  pivots  to  a  horizontal  position. 
The  apparatus  is  then  to  be  put  into  vi- 
bration on  pivots,  by  which  the  chalk  and 
water  will  oe  etrectively  agitated  by  the 
motion  of  a  penduluin,  wliile  a  small 
portion  of  acid  will  escape  to  keep  up 
the  generation  of  tlic  gas  as  it  passes  off 
to  the  water,  which  will,  at  the  same 
time,  by  the  vibration  of  the  apparatus, 
be  thoroughly  mixed  with  the  gas  as  it 
escapes  into  the  water. 

SOLDKRING,  is  the  process  of  uniting 
the  surfaces  of  metals,  by  the  interven- 
tion of  a  more  fusible  metal,  which  being 
mclto<l  upon  each  surface,  serves,  partly 
by  chemical  attraction,  and  partly  by  co- 
hesive force,  to  bind  them  toffclher. 
The  metals  thus  united  may  be  either 
the  same  or  dissimilar ;  but  the  uniting 
metal  must  always  have  an  affinity  for 
both.  SoMcTs  mtist  be,  therefore,  selected 
in  referoiice  to  their  appropriate  metals. 
Thus  tin-plates  arc  soldered  with  an 
alloy  consisting  of  from  1  to  2  parts  of 
tin,*  with  1  of  lead  ;  pewter  is  soldered 
with  a  more  fusible  alloy,  containing  a 
certain  proportion  of  bismuth  added  to 
the  lead  and  tin  ;  iron,  copper,  and  brass 
are  soldered  with  spelter,  an  alloy  of  zinc 
and  copper,  in  nearly  eq^iuil  parts  ;  silver, 
sometime!!  with  pure  tin,  but  trenerally 
with  silver-solder,  an  alloy  con^istinp  of 
5  parts  of  si  Ivor,  6  of  brass,  and  2  of 
zinc  ;  zinc  and  lead,  with  an  alloy  of  from 
1  to  2  i)arts  of  lead  with  1  of  tin  ;  plati- 
num, with  fine  crold ;  gold,  with  an  alloy 
of  ^silvcr  and  urold,  or  of  copper  and  gold. 


For  the  simple  solders,  each  of  the 
metals  may  be  used,  according  to  the 
nature  of  that  which  is  to  be  soldered. 
For  fine  steel,  copper,  and  brass  work, 
gold  and  silver  maybe  employed.  In  the 
large  way,  however,  iron  is  soldered  with 
copper,  and  copper  and  brass  with  tin. 
The  most  usnal  solders  are  the  compound, 
which  are  distinguished  into  two  princi- 
pal classes,  viz. :  hard  and  soft  solders. 
The  hard  solders  are  ductile,  will  bear 
hammering,  and  are  commonly  prepared 
of  the  same  metal  with  that  which  is  to 
be  soldered,  with  the  addition  of  some 
other,  by  wliich  a  greater  degree  of  fusi- 
bilitv  is  obtained. 

The  hard  solder  for  gold  is  prepared 
from  gold  and  silver,  or  gold  ana  copper, 
or  gold,  silver,  and  copper. 

The  hard  solder  for  silver  is  prepared 
from  equal  parts  of  silver  and  braae, 
but  made  easier  of  fusion  by  one-six- 
teenth of  zinc. 

The  hard  solder  for  brass  is  obtained 
from  hrass^  mixed  with  a  sixth,  or  an 
eighth,  or  even  one  half  of  zinc,  which 
may  also  bo  used  for  the  hard  solder  of 
copper.  It  is  sold  in  a  granulated  form, 
under  the  name  oi  spdl^r  solder. 

The  soft  solders  melt  easily,  but  are 
brittle,  and  cannot  be  hammered.  Of  this 
kind  are  the  following  mixtures : — ^tin 
aud  lead,  in  equal  parts ;  of  still  easier 
fusion  is  that  consisting  of  bismuth,  tin, 
and  lead,  in  equal  parts ;  one  or  two  parta 
of  bismuth,  of  tin,  aud  lead,  each  one 
part. 

In  the  operation  of  soldering,  the  sur- 
faces of  the  metal  intended  to  be  loined 
must  be  made  very  clean,  and  applied  to 
each  other,  and  it  is  usual  to  secure  them 
by  a  ligature  of  iron  wire.  The  solder 
is  laid  upon  the  joint,  together  with  sal- 
ammoniac  and  borax,  or  common  glass, 
according  to  the  degrees  of  heat  intended, 
and  these  additions  defend  the  metal 
from  oxidation. 

Glaziers  use  resin  ;  and  pitch  is  some- 
times employed. 

Tin  foil,  applied  between  the  joints  of 
fine  brass  work,  first  moistene<^fflrith  a 
strong  solution  of  sal-ammonia^fnakes 
an  excellent  juncture,  care  being  Uiken  to 
avoid  too  much  heat. 

In  joining  lead  plates  tocfcther,  when 
solder  is  objectionaole,  owing  to  corrosion 
oecurring,  after  the  surfaces  have  been 
cleaned,  they  are  united  bv  melting  their 
edges  toy-ether  with  the  blf)wpij)e,  or  by 
pourinsr  a  ban<l  of  melted  lead  along  the 
two  edges  place<l  in  apposition.  (Chloride 
of  zinc  in  solution  is  now  used  as  the 
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substance  best  adapted  for  cleaning  the 
surfaces  of  metals  to  be  soldered. 

SPECIFIC  GRAVITY.  (^^GBAvrrr.) 

SP£CTKU  M.  In  optics,  the  name  given 
to  an  elongated  image  of  the  sun  or  other 
luminous  body,  formed  on  a  wall  or 
screen  by  a  beam  of  undecomposed  light 
received  through  a  small  hole,  and  re- 
fhtcted  bv  a  prism.  For  the  different 
colors  and  fixed  lines  of  the  solar  spec- 
trum, and  for  the  reflnangibilitv  of  the 
different  rays,  see  the  Handbook  of  Sci- 
ence, of  this  series. 

SPECULUM.  In  optics,  the  term 
miculum  is  usually  appropriated  to  re- 
nectors  formed  of  polished  met4il ;  while 
the  term  mirror  is  used  to  signify  a  re- 
flector of  glass. 

SPECULUM  METAL,  with  which 
mirrors  for  reflecting  telescopes  are  made, 
is  an  alloy  of  two  parts  of  copper  and  one 
of  tin  ;  its  whiteness  is  improved  by  the 
addition  of  a  little  arsenic. 

SPELTER.    {See  Zinc.) 

SPONGE,  is  a  cellular  fibrous  tissue, 
produced  by  small  animals,  almost  im- 
perceptible, called  Polvpi  bv  natuntlists. 
which  live  in  the  sea.  This  tissue  is  saia 
to  be  covered  in  its  recent  state  with  a 
kind  of  semifluid  thin  coat  of  animal  jelly, 
susceptible  of  a.  slisrht  contraction  or 
trembling  on  being  touched,  which  is  the 
only  symptom  of  vitalitv  displayed  by 
the  sponge.  Aft^r  death  this  jelly  dis- 
appears, and  leaves  merely  the  sponge ; 
formed  by  the  combination  of  a  multitude 
of  small  capillary  tubes,  capable  of  re- 
ceiving water  in  their  interior,  and  of 
becoming  thereby  distended.  Sponges 
occur  attached  to  stones  at  the  bottom  of 
the  sea,  and  abound  particularly  upon  the 
shores  of  the  islands  m  the  Grecian  Archi- 
pelago. Although  analogous  in  their 
origm  to  coral,  sponges  are  quite  difte- 
rent  in  their  nature ;  the  former  being 
composed  almost  entirely  of  carbonate  of 
lime,  while  the  latter  are  formed  of  the 
same  elements  as  animal  matters,  and 
afford  on  distillation  a  considerable  quan- 
titv  of  ammonia. 

!bilij^sulphuric  acid  has  been  recom- 
mendiinor  oleaehiug  sponges,  after  the 
calcareous  impurities  have  been  removed 
by  muriatic  acid.  Chlorine  water  answers 
better. 

The  sponges  of  commerce  are  usually 
nreparea  before  they  come  to  the  nuirkct, 
oy  being  beaten  and  soaked  in  dilute 
muriatic  acid  with  a  view  to  bleach  tlienu 
and  to  dissolve  any  adherent  portions  of 
carbonate  of  lime.  Three  kinds  ore  found 
commonly  in  the  market  and  known  as 


the  Turkey;  the  variety  of  the , 

which  is  very  rare  :  and  tne  West  Indian. 
On  examining  the  living  sponge  of  com- 
merce with  a  power  of  about  500  linear, 
the  fleshy  matter  will  be  distinctly    ob- 
served, having  in  its  interior  gemmse, 
which  are  considered  to  be  the  young. 
These  are  occasionally  given  off  from  the 
mass  of  living  matter.    The  greater  por- 
tion of  the  mass  of  sponge  consists  of 
small  cylindrical  threads  or  fibres,  various 
in  size.    The  spioulee  are  not  foand  with^ 
in  these,  but  m  the  la'ge  and  flattened 
fibres,  and  varying  in  number  fW>m  one 
to  three  or  more,  imbedded  in  their  sub- 
stance.    Sometimes  one  spiculnm  pro- 
jects a  half  or  more  from  the  t»ide  c^the 
fibre,  and  is  then  only  covered  with  the 
animal  matter  at  the  base,  or  half  waj 
up.     The  fibres  of  the  West    Indian 
species    of   sponge   have   been    dearij 
proved  to  be  solid.    In  the  rare  varietj 
of  Turkey  sponge,  the  fibres  are  poe- 
sessed  of^^  vessels  which  anastomose  in 
various  directions,  differing  much  in  size, 
and  not  imbedded  in  homy  fibre,  but  in 
a  separate  sheath.     This  true  vascular 
tissue  performs  very  important  functions 
in  the  economy  of  the  animid  during  life. 
In  some  of  the  tubes  of  sponge  have  been 
observed  small  globules,  the  largeat  of 
which  measured  the  1666th  of  an  inch^ 
and  the  smnllest  the  50,000th  of  an  inch. 
They  were  accidentally  perceived  to  move 
from  right  to  left. 

The  rapid  strides  made  in  sponging 
within  the  Bahamas,  since  the  year  1847, 
appear  almost  incredible.    Vast  quanti- 
ties of  sponge  may  bo    seen  .covering 
fences,  yards,  and  housetops,  where  it  is 
left  to  dry,  after  having  been  previously 
buried  (in  order  to  kill   the  zoophyte 
which  inhabits  it)   and  washed.      It  is 
afterwards  divested  of  the  fragments  of 
rocks  which  adhere  to  it,  pressed  and 
packed  in  bales,  averaging  SOOlbs.  weight, 
each,  for  the  London  market,  where  it  is 
manufactured  into  cloth  hats,  &c.,  and 
converted    to    many    useful    purposes. 
We  are  informed  that  it  has  recently  be- 
come the  medium  for  poultices  to  wounds 
instead  of  cloth.     From  the  Ist  January 
to  June  30th,  of  the  year  1849,   there 
were  exported  nearly  1000  bales  of  sponge, 
of  the  value  of  at  least  25  dollars  each — 
$25,000.    On  the  1st  of  January,  a  very 
small  stock  of  sponge  was  on  hand^  while 
on  the  80th  June  every  dealer  in  this 
article  had  a  hiTve  stock;  therefore,  as  it 
is  ft  cash  article,  there  must  have  been 
paid  to  the  crews  employed  in  this  trade 
at  least  40,ooO  dollars. 
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The  Mediterranoanst  one  time  furnish- 
ed all  the  spongea  need  in  Europe,  and 
the  very  finest  are  yet  flahed  up  around 
the  Isles  of  Greece.  Our  finest  sponges 
sell  at  a  verv  high  price. 

STAlNEt)  GLASS.  Under  the  head 
of  Glass  Paintino  this  subject  has  been 
already  noticed.  The  following  details 
are  additional.  The  blues  of  vitrified  co- 
lors are  all  obtained  from  the  oxide  of 
cobalt.  Cobalt  ore  ^sulphuret^  being  well 
roasted  at  a  dull  red  heat,  to  nisAipate  all 
the  sulphur  and  arsenic,  is  dissolved  in 
somewiiat  dilute  nitric  acid,  and  after  the 
addition  of  mnch  water  to  the  saturated 
solution,  the  oxide  is  precipitated  by  car- 
bonate of  soda,  then  washed  upon  a'filter, 
and  dried.  The  powder  is  to  be  mixed 
with  thrice  its  weight  of  saltpetre ;  the 
mixture  is  to  be  deflagrated  in  a  crucible, 
by  applving  a  red-hot  cinder  to  it,  then 
exposed  to  the  heat  of  ignition,  washed, 
and  dried.  Three  parts  of  this  oxide  are 
to  be  mixed  with  afiux,  consisting  of  white 
sand,  borax,  nitre,  and  a  little  chalk,  sub- 
jected to  fusion  for  an  hour,  and  then 
ground  down  into  an  enamel  powder  for 
use.  Blues  of  any  sliade  or  intensity  mn^' 
be  obtained  from  the  above,  by  mixing  it 
with  more  or  less  flux. 

The  beautiful  greenish  yellow,  of  which 
color  80  many  ornamental  glass  vessels 
have  been  lately  imported  from  Germany, 
is  made  in  Bohemia  by  the  following  pro- 
cess. Ore  of  uranium,  uran-ochre,  or 
uran-glimmer,  in  fine  powder,  being 
roasted,  and  dissolved  in  nitric  acid;  the 
filtered  solution  is  to  be  freed  from  an^ 
lead  present  in  it,  by  the  cjiutious  addi- 
tion of  dilute  sulphuric  acid.  The  clear 
green  solution  is  to  be  evaporated  to  dry- 
ness, and  the  mnss  ignited  till  it  beconics 
yellow.  One  part  of  this  oxide  is  to  be 
mixed  with  3  or  more  parts  of  a  flux, 
consisting  of  4  parts  of  red  lead  and  1  of 
ground  flints ;  tiie  whole  fused  together 
and  then  reduced  to  powder. 

Chrome  green. — ^Triturate  together  in  a 
mortar  equal  irnrts  of  chronuite  of  potash 
and  flowers  of  sulphur;  put  the  mixture 
into  a  crucible  and  fuse.  Pour  out  the 
ffuid  mass;  wlicn  cool,  grind  and  wash 
well  with  water  to  remove  the  sulphuret 
of  potash  and  to  leave  the  beautiful  green 
oxide  of  chrome.  This  is  to  be  collected 
upon  a  filter,  dried,  rubbed  down  along 
wiih  thrice  its  weisrlit  of  a  flux,  consist- 
ing of  4  parts  of  red  lead  and  1  part  of 
ground  flints  fused  into  a  transparent 
glass  ;  the  whole  is  now  to  be  melted  and 
afterwards  reduced  to  a  fine  powder. 
Violet, — One  part  of  calcined  black  ox- 
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ide  of  manganese,  one  of  laffre,  ten  parts 
of  white  glass  poanded,  and  one  ot  red 
lead,  mixed,  fused,  and  ground.  Of  gold 
purple  (Cassius^s  purple  precipitate)  with 
chloride  of  silver  previously  fused,  with  ten 
times  its  weight  of  a  fiux,  consisting  of 
ground  quaru,  borax,  and  red  lead,  all 
melted  together :  or,  solution  of  tin  being 
dropped  mto  a  large  (quantity  of  water, 
solution  of  nitrate  of  silver  may  be  first 
added,  and  then  solution  of  gold  in  aqua 
regUiy  in  proper  prop^ortions.  The  preci- 
pitate to  be  mixed  with  fiux  and  f\ised. 

STARCH  is  a  white  pulverulent  sub- 
stance, composed  of  microscopic  sphe- 
roids, which  are  ba^  containing  the 
amylaceous  matter.  It  exists  in  a  great 
many  different  plants,  and  varies  merely 
in  the  form  and  size  of  its  microscopic 
particles;  as  found  in  some  plants,  it 
consists  of  spherical  particles  jTjVir  ^^  *^ 
inch  in  diameter ;  and  in  others  of  ovoid 
particles  of  ^l^  or  ^^^  of  an  inch.  It 
occurs — 1,  in  the  seeds  of  all  the  acotyle- 
dinous  plants,  among  which  are  the  seve- 
ral species  of  corns,  and  those  of  other 
graminecE  ^  2,  in  the  round  perennial  tap 
roots,  which  shoot  up  an  annual  stem ; 
in  the  tuberose  roots,  such  as  potatoes, 
the  Convolvulus  batatas  and  eaulis^  the 
IJel'utnihus  tuberosus^  the  Jatropha  tnani- 
hoty  &c.,  which  contain  a  great  quantity 
of  it ;  8,  in  the  stems  of  several  monoco- 
tyledinous  plants,  especially  of  the  palm 
tribe,  whence  sago  comes ;  but  it  is  very 
rarely  found  in  the  stems  and  branches 
of  the  dicotyledinous  plants;  4,  it  occurs 
in  many  species  of  liclien.  Three  kinds 
of  starch  have  been  distinguished  by 
chemists  ;  that  of  wheat,  that  called  inu- 
lin^y  and  lichen  starch.  These  three 
agree  in  being  insoluble  in  cold  water, 
alcohol,  ether,  and  oils,  and  in  being  con-' 
verted  into  sui^ar  by  either  dilute  sul- 
phuric acid  or  diastuse.  The  main  differ- 
ence between  them  consists  in  their  habi- 
tudes with  water  and  iodine.  The  first 
forms  with  hot  water  a  mucilaginous  so- 
lution, which  constitutes,  when  cold,  the 
paste  of  the  laundress,  and  is  tinged  blue 
oy  iodine ;  the  second  forms  a  granular 
precipitate,  when  its  solution  in  boiling- 
hot  water  is  suffered  to  cool,  which  is 
tinged  vellow  by  iodine;  the  third  affords, 
by  cooling  the  concentnited  solution,  a 
gelatinou-*  mass,  with  a  clear  liouor  float- 
ing over  it,  that  contains  little  starch. 
Its  jelly  becomes  brown-gray  with  iodine. 

1.  Ordinary  nturch. — This  may  be  ex- 
tracted from  the  following  grains: — 
wheat,  rye,  barley,  oats,  buckwheat,  rice, 
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maize,  millet,  epelt ;  from  the  siliqnose 
Bceds^  as  pca^,  beans,  leotilca,  &c. ;  from 
tuberous  and  tap  roots,  as  those  of  the  po- 
tato, tlie  orchis,  manioc,  arrowroot,  batata, 
&c.  Different  kinds  of  com  yield  ver>' 
variable  quantities  of  starch.  Wheat 
differs  in  this  respect,  according  to  the 
varieties  of  the  phmt,  as  well  as  the  soil, 
manure,  season,  and  climate. 

Wheat  partly  damaged  by  long  keep- 
ing in  gninarics,  may  be  employed  tor 
the  manufacture  of  starch,  as  this  consti- 
tuent suffers  less  injur\-  than  the  gluten; 
and  it  may  be  used  cither  in  the  ground 
or  unground  state. 

1.  With  unbound  tcheaf. — The  wheat 
being  pitted  clean,  is  to  be  put  into  cis- 
terns, covered  with  soft  water,  and  left  to 
steep  till  it  becomes  swollen  and  so  sotY 
as  to  be  easily  crushed  between  the  fin- 
gers. It  is  now  to  be  taken  out,  and  im- 
mersed in  clear  water  of  a  temperature 
equal  to  that  of  mnlting-barlcy,  whence  it 
is  to  be  transferred  into  bairK,  which  arc 
placed  in  a  wooden  chest  containintf  some 
water,  and  exposed  to  rttroncr  pressure. 
The  water  rendered  milky  by  the  starch 
being  drawn  otf  by  a  tap,  fresh  water  is 

foured  in,  and  the  pressure  is  repeated, 
nsteud  of  putting  the  swollen  grain  into 
bags,  some  prefer  to  grind  it  under  ver- 
tical edge-stones,  or  between  a  jMiir  of 
horizontal  rollers,  and  then  to  Iny  it  in  a 
cistern,  and  sej>arale  the  starchy  li<|Uor 
by  elntriation  with  siiceossive  quantities 
oi' water  well  stirred  up  with  it.  The  re- 
siduary matter  in  the  sacks  or  ci.-^terns 
contains  niuoh  vegetable  all»uinen  and 
gluten,  alonj,'  with  the  husks;  when  ex- 
posed to  fermentation,  it  affords  a  small 
quantity  of  starch  of  rat  her  inferior  quality. 
The  above  milky  liquor,  obtained  l»y 
jixpression  or  elutriatioii,  is  run  iiit(»larL'e 
cisterns,  where  it  deposits  its  starch  in 
layers  successively  less  and  less  <lense  ; 
the  uppermost  eontaininir  a  considerai^le 

f proportion  of  irhitcn.  The  supernatant 
iquor  being  drawn  off,  and  fresh  water 
poured  on  it,  the  whole  must  be  well 
stirred  \\]\  allowed  airain  to  settle,  and 
the  surface-li'iuor  attain  withdrawn.  This 
washing  should  be  re[>eati'd  ns  long  as 
the  water  take-  any  ])crceprihlc  color.  As 
the  first  turbid  liquor  contains  a  mixture 
o\'  trluten,  siiLrar,  gum,  albumen,  ifcc,  it 
ferments  readily,  and  produces  a  certain 
]»orlion  of  vincirar,  which  helps  to  dis- 
solve out  the  rc't  of  the  mimr'ed  Lrluten, 
nuil  thus  to  l)!c:irh  the  star»-h.  It  i<.  in 
fiK't,  by  the  action  of  thi>  fermented  or 
soured  water,  and  repeated  wasliinn".  that 
*t  is  purified.     Alter  the  last  deposition 


and  decantation,  there  appears  on  the 
surface  of  the  starch  a  tliin  layer  of  a 
slimy  mi.vture  of  gluten  and  albumen, 
which,  being  scraped  off,  serv'es  for  feed- 
ing pigs  of  oxen ;  underneath  will  be 
found  a  starch  of  good  quality.  The  lay- 
ers of  different  sorts  are  then  taken  up 
with  a  wooden  shovel,  transferred  into 
separate  cisterns,  where  they  are  agitated 
with  water,  and  passed  through  fine 
sieves.  After  this  pap  is  once  more  well 
settled,  the  clear  wnter  is  drawn  off,  the 
starchy  mass  is  taken  out,  and  laid  on 
linen  cloths  in  wicker  baskets,  to  drain 
and  become  partially  dry.  When  suffi- 
ciently firm.  It  is  cut  into  pieces,  which 
are  spread  upon  other  clotiis,  and  thor- 
oughly desiccated  in  a  proper  drying- 
room,  which  in  winter  is  heated  bv 
stoves.  The  upper  surface  of  the  starcK 
is  generally  scraped,  to  remove  any  dusty 
matter,  ond  the  resulting  powder  is  sold 
in  that  state.  WMieat  yields,  upon  an 
average,  only  from  85  to  40  per  cent,  of 
good  starch.  It  should  afford  more  by 
skilful  management. 

In  1S39,  >f.  Pierre  Isidore  Verduer  ob- 
tained a  patent  for  making  starch,  the 
chief  object  of  which  was  to  obtain  the 
gluten  of  the  wheat  in  a  pure  state,  &s  a 
suitable  ingredient  in  making  bread,  bis- 
cuits, &c.  He  works  wheat  flour  into 
dough  by  a  machine,  kneads  it,  washes 
out  the  starch  by  streams  of  cold  water, 
a  process  long  known  to  the  chemist,  and 
purities  the  starch  by  fermentation  of  the 
superjacent  water. 

Mr.  Jones's  patent,  of  1840,  is  based 
upon  the  purification  of  the  starch  of  rice 
and  other  farinaceous  matters,  by  means 
of  caustic  alkali.  He  macerates  \(**)  lbs. 
of  ground  rice  in  100  gallons  of  a  solution 
comjiosed  of  2<^0  grains  of  cjiustic  sc>da  or 
p(»tash  to  a  gallon  of  water,  stirs  it  gra- 
dually, till  the  whole  be  well  mixed  ;  after 
24  hours,  draws  off  the  superjacent  liquid 
solution  of  gluten  in  alkali,  treats  the 
stanhy  dejiosit  with  a  fresh  quantity  of 
weak  caustic  ley,  and  thus  repeatedly, 
till  the  starch  becomes  white  ond  pure. 
The  rice  before  bein?  ground  is  steeped 
for  some  time  in  a  like  caustic  ley.  drain- 
ed, dried,  nnd  sent  to  the  mill. 

Starch  is  made  from  wheat  flour  in  a 
like  way.  The  gluten  may  be  recovered 
t'or  use.  by  saturating  the  alkaline  solu- 
tion with  sulphuric  acid,  washing  and 
dr>ini:  the  precij>itate. 

In  HU,  Air.  \V.  T.  Bcrger  obtained  a 
patent  for  manulacturing  starch  by  the 
aiTcncv  of  an  alkaline  salt  upon  rice.  He 
prefers  the  carbonates  of  ix)tash  and  soda. 
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Mr.  James  Golman,  by  his  patent  in- 
vention of  December,  1841,  makes  starch 
fVom  ground  maize  or  Indian  com,  by 
the  agency  either  of  the  ordinary  process 
of  steeping  and  fermenting,  or  of  caustic 
or  carbonated  alkaline  leys.  Ue  also  pro- 
poses to  employ  dilute  muriatic  acia  to 
purify  the  starchy  matter  from  gluten,  <&c. 

Mr.  Col  man  has  taken  out  a  patent  re- 
cently for  an  improved  process  :  the  sub- 
joined is  the  plan  given  in  his  specifica- 
tion. Take  one  ton  of  rice,  either  whole 
or  broken,  with  or  without  the  husk,  and 
submit  it  to  the  action  of  caustic  alkaline 
ley,  in  the  manner  at  present  perfonned, 
using  soda  in  preference  to  potash,  as 
affording  a  less  deliquescent  product. 
Wash  the  rice  so  prepared,  and  tnen  pass 
it  through  the  grinding  or  levigating 
mills  in  tno  usual  manner,  so  as  to  reduce 
the  starchy  matter  to  a  pulp,  in  a  fine 
state  of  division.  The  washed  pulp  so 
obtained  is  next  to  be  placed  in  a  churn, 
together  with  40  gallons  of  a  solution  pre- 
pared in  the  following  manner : — Take 
20  lbs.  of  borax,  and  dissolve  it  in  such  a 
quantity  of  hot  or  cold  water  as  will  suf- 
fice to  form  a  cold  saturated  solution ;  for 
which  purpose  about  20  parts  of  water 
are  requisite  for  1  part  of  borax  ;  pour  40 
gallons  of  clear  solution  of  borax  thus 
made  on  a  bushel  of  unslacked  lime, 
placed  in  any  suitable  vessel ;  stir  the 
mixture,  and  odd  to  it  enough  water  to 
make  up  the  quantity  used  to  50  gallons. 
Allow  tne  untlissolved  portions  in  the 
mixture  to  precipitate,  draw  off  the  clear 
supernatant  solution,  and  place  it  in  the 
chum  with  the  starcn  pulp,  prepared  in 
the  manner  before  mentioned.  The  con- 
tents of  the  chum  are  next  to  be  sub- 
jected to  osjitxition  for  two  or  three  hours, 
so  ai*  to  bring  each  particle  of  the  starchy 
matter  in  communication  with  the  alka- 
line solution.  When  the  desired  effect 
has  been  produced,  the  mixture  is  to  be 
run  from  the  ciuirn  into  the  separating 
vessel,  and  about  as  much  water  as  the 
churn  will  hold  added  to  it  (dimensions 
or  capacity  of  chum  not  given) ;  the 
whole  is  to  be  now  well  stirred,  and  the 
starch  washed,  boxed,  and  dried  in  the 
usual  way.  Instead  of  borax  and  lime,  as 
above  mentioned,  the  same  quantity  of 
solution  of  borax  alone  may  be  used,  or 
a  solution  of  bitartrate  of  potash  and 
lime,  or  a  solution  of  bitartrate  of  potash 
alone  may  be  employed.  In  either  case, 
the  process  is  to  be  conducted  as  above 
described.  In  the  case  of  any  other  far- 
ina<'Cous  or  Icfruminous  substance  than 
rice  being  employed,  the  material  used 


must  be  rednoed  to  a  flue  palpy  state,  as 
in  the  case  of  rice,  proceeding  as  above 
directed. 

For  the  mannfkotore  of  starch  from  the 
potato^  see  Potato  Staboh.  Indian 
com  yields,  bv  analysis,  over  70  per  cent, 
of  starch.  Tne  manufactaro  of  starch 
from  com  is  an  extensive  operation  in 
some  districts  of  this  country. 

There  are  several  other  varieties  of 
starch,  which  are  called  differently  ao- 
cording  to  the  sources  whence  derived, 
as  sago  from  tapioca,  tous  le  mois, 
arrow-root,  farina,  &o. 

The  characters  of  the  different  varie- 
ties of  starch  can  be  learned  only  from 
microscopic  observation^  by  which 
means  also  their  sophistication  or  ad- 
mixture may  be  readily  ascertained. 

Starch,  from  whatever  source  obtained, 
is  a  white  soft  powder,  which  feels  crispy, 
like  flowers  of  sulphur^  when  pressed  oe- 
tween  the  fingers ;  it  is  destitute  of  taste 
and  smell,  unchangeable  in  the  atmos- 
phere, and  has  a  specific  gravity  of  1*58. 
We  have  already  described  the  particles  as 
spheroids  enclosed  in  a  membrane.  The 
potato  contains  some  of  the  largest,  and 
the  millet  the  smallest.  Potato  starch 
consists  of  truncated  ovoids,  varying  in 
size  from  l-80()th  to  1 -8000th  of  an  inch ; 
arrow-root,  of  ovoids  varying  in  size 
from  l-800th  to  l-2000th  of  an  inch; 
flour  starch,  of  insulated  globules  about 
1-1 000th  of  an  inch  ;  cassava,  of  similar 
globules  assembled  in  groups.  These 
measurements  have  been  made  with  a^ood 
achromatic  microscope,  and  a  divided 
glass-slip  micrometer  or  Tully. 

For  the  saccharine  changes  which 
starch  undergoes  by  the  action  otdicutaw^ 
etc  Fermentation. 

LichtninCj  a  species  of  starch  obtained 
from  Iceland  moss  (Cetraria  islandica), 
as  well  as  innlin€y  from  elecampane  {In- 
ula JJelenium)y  are  rather  omects  of 
chemical  curiosity,  than  of  manufacture. 

There  is  a  kind  of  starch  made  in  order 
to  be  converted  into  gum  for  the  calico- 

Srinter.    This  conversion  having  been 
rst  made  upon  a  great  senile  in  Eng- 
land,  has  occasioned  the  product  to  be 
.called  British  gum. 

A  delicate  and  ready  test  of  the  pre- 
sence of  starch  exists  in  iodine,  with 
which  the  starch  forms  a  deep  blue  color, 
or,  if  in  the  liquid  form,  a  solution  color- 
ed blue.  This  color  disappears  on  boil- 
ing, re-appears  on  cooling,  and  is  destroy- 
ed by  chlorine  and  sulphuretted  hydro- 
gen. To  produce  the  color,  the  starch 
should  be  Doiled,  and  the  iodine  should 
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8TAUE0L1TK  The  mineral  tailed 
avti-4iong,  harmoiome,  and  Artdna^tr- 
golilt.  It  ia  a  silicaU  or  buyt&  and 
■luminft,  with  traces  of  lime  uid  potash, 
aod  forma  amail  quadrangular  prismB 
orosBing  eaoh  other:  Ihe  moft  charncler- 
i«tic  ppedmensare  from  Andreasbei^,  in 


kn;  othor  I  liqaid  state,  and  thai  eti 

.    I  to   prodncB  ■  vacnum.     F 

peitiea  above  briefly  adve 
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or  greiMhu.  It  occare  in 
-aicled  prisma,  sometimes 
other  alriKhtsnglw.  Ilia 
]amiDS  and  litne,  with  the 


ed  from  ganiBt  bj  it 
(bsibilitj. 
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initer  in  an  open  vessel  ia  heated  to  ths 
temperoture  of  212°,  or  to  tbe  boiling 
point,  globules  of  slvnm  are  formed  nt 


formation  of  steam,  nai  nilt  filial 
tiorate  the  whole  of  the  water,  i 
raisiog  the  temperature  of  eithi 
this  ease,  all  the  beat  which  ente 
the  water  is  solely  employed  in  a 
IniC  it  into  steam  of  the  tempera 


But  if  the  ' 


ir=?u'^' 


212"  » 


produces  may  be 
iiperatiiro :  and  an 
!H  nearly  ITOO  timCH 
er  from  which  it  ia 


flnod  m  i 

broi^ht 

ihs  space  of 

generated,   it    ivikvno   uihl,    vhl-h   lhub 

elastio  or  expansive  force;  which  may  | 
also  be  showD  to  be  proportional  to  'i 
its  temperature.  When  the  temperulure  I 
is  coiiHidembly  above  212°,  the  aleam  I 
fbrmed  under  such  drcnmstiincffi'  is 
termed  high  prttturt  tlnim  ;  at  21;i°  it  is 
termed  Ima  pnsture  «fArm,  and  its  prcs.- 
sure  is  equal  to  tliat  of  the  stiDospljere, 
or  15  lbs.  on  the  Hquaro  inch,  ^teuni  iii  I 
it«  perfect  stale  is  tmDHi>arent,  and  wm*  j 
stBDtly  invisible;  but  wlienit  has  heen 
deprived  of  part  ot  iw  lieaC  Ijy  poniing 
into  contact  with  cold  air,  il  sudclcnly  I 
assuineH  a  cloudy  anpoaraiice.  and  ix  mn-  I 


I'-"]  Lr'ni  mo^E  unpromieing  and 
I'.i'U'  fuiiMajicefl.  2.  In  popular 
M    li.-ilile  moial  viipoiir  wliicli 


«  .'<  '         Jiiiili,  of  n  tiiii-bed,  lic.    This 

tion'ofcieani.  " 
JJitlory  of  .•Jltam.      The  nature   and 

have  come  down  to  ua  bearinft  a  very 
early  date  of  engines  ;  snch,  for  enun- 

Sle,  as  that  proposed  by  Hero  of  Alexan- 
ria,  in  nhleh  the  mechanical  agency  of 

any  correct  notion  of  its  mode  of  action. 
Kven  at  a  much  more  recent  period  the 
effeeta  produced  by  steam  were  ascribed, 
not  to  the  vupor  of  water,  bnt  to  Ihe 
force  of  air  which  was  supposed  to  be 
expelled  from  water  by  IieaL  In  the 
begiiming  of  the  17th  centnry,  De  Cana 
proposed  llie  constrnelion  of  a  machine 
by  which  a  column  of  water  was  raised 
b^tlie  elastie  force  of  nteam.  About  the 
middle  of  Ihe  same  centnry,  Lord  Wor- 
ccnter  published  the  dcfcription  of  a 
lilgh  prc>-!<tirD  sleum-cugine,  which  hus 
since  Ibriiied  ko  remarkahle  a  feature  in 
iJI  liiBloiies  of  that  machine.  Towards 
Ihe  Initer  end  of  tliat  century,  however, 
■lie  actual  propertien  of  vapor  bemin  to 
be  gradually  iiiifulded.  In  lii^S.  Sir 
~iiniii<.-l  Uorclaiid  published  a  defcriplion 


pn-por 

volume  wlicii  evaporated  uiidertlie  pres- 
sure of  a  single  atiiiOHpbere.  A  few 
veara  after,  i'apin  discovered  tlic  method 
of  prmludn^  a  vacuum  by  the  condeima- 


applicd  to  It,  it  suddenly  re 
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H]e  of  the  ISth  oentnry,  the  celebrated 
Watt  applied  himnelf  to  the  improve- 
ment of  tno  i»team-eDgine,  and  by  various 
experiments  determined  the  relative  vol- 
nraes  of  steam  as  commonly  used  in 
steam-engines,  and  the  quantity  of  heat 
absorbed  in  evaporation  and  evolved  in 
condensation.  About  the  same  period 
Dr.  Black  was  engaged  in  his  well-known 
investigations  rci^pecting  tiie  phenomena 
of  heat,  and  had  discovered  the  pheno- 
mena and  found  the  theory  of  latent 
heat,  which  served  to  explain  the  effects 
which  Watt  had  also  observed.  The  re- 
lation between  the  temperatures  and 
pressures  of  the  vapor  of  water  was 
determined  by  Dalton,  and  confirmed  by 
Oay-Lussac,  Prof.  Robison,  Ure,  South- 
ern, and  others.  The  discovery  of  the 
law  in  virtue  of  which  the  pressure  of 
all  gases  and  vapors  increases  in  propor- 
tion to  their  deni^ity  at  a  given  tempera- 
ture was  due  to  Mariotte,  and  is  known 
us  Mariotte's  law.  The  discovery  of  the 
remarkable  fact  that  all  gases  and  vapors 
receive  the  same  increase  of  pressure  or 
volume  for  each  degree  of  temperature, 
was  first  discovered  by  Dalton ;  but  wns 
immediately  afterwards  discovered  also 
bv  Gay-Lussac,  who  was  not  informed  of 
I/alton^s  proceedings.  The  most  im- 
portant course  of  experiments  which  has 
since  been  made  were  undertaken  by  a 
committee  of  the  French  Institute,  con- 
sistinsr  of  MM.  Prony,  Arago,  Gerard, 
and  Dnlong,  in  consequence  of  an  appli- 
cation ft-om  the  French  government  to 
the  academy  to  point  out  the  best  means 
of  preventing  accidents  from  the  burst- 
ing of  the  boilers  of  steam-engines.  The 
experiments  were  conducted  chiefly  by 
Arugo  and  Dnlong,  and  were  certainly 
not  only  the  most  delicate  as  to  their 
mnnafirement,  but  the  most  hazardous 
which  science  and  art  owe  to  the  courage 
and  zeal  of  philosophers.  Steam  was 
produced  of  a  sufficient  pressure  to  force 
a  column  of  mercury  up  a  gluss  tul>e  to 
the  heitfht  of  nearly  43  feet ;  an  atmos- 
plierc  being  nu'iu<urcd  by  a  column  of 
mercury  measuring  29*922  inches.  Steam 
has  V)ccn  made  use  of  lately  in  many  no- 
vel modes  as  an  elfective  agent  in  the 
arts,  a  remarkable  employment  of  steam 
is  in  distilling  subsUmccs  at  a  low  tem- 
perature, which  require  a  high  tempera- 
ture without  its  use.  Turpentine,  vine- 
gar, and  charcoal  may  be  mentioned.  The 
following  table  exhibits  the  temperatures 
and  corresponding  pressures  of  steam  as 
determined  by  these  experiments,  up  to 
fifty  atmospheres. 
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35 
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40 
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10 

358  88 

45 
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11 

366  85 

60 

5106 

12 
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STEAM-CARRIAGE.  A  name  usual- 
ly applied  to  locomotive  engines  adapted 
to  work  on  common  roods. 

The  principle  of  the  construction  of 
these  is  m  the  general  conditions,  similar 
lo  that  of  the  locomotive  engine  used  on 
railways  {see  Locomotive  Engine)  ;  but 
the  engine  adapted  to  common  roads 
must  have  the  same  power,  with  a  much 
less  weight :  or  in  other  words,  the  ratio 
of  the  weiglit  of  the  engine  to  the  eva- 
porating power  of  the  Iwiler  is  much  less 
than  in  the  case  of  railway  locomotivea. 

The  first  carriage  was  that  of  Messrs. 
Trethevick  and  Vivian,  in  1802,  20  years 
after  Mr.  Griffith's  improvement.  Mr. 
Gordon,  followed  with  various  others, 
down  to  that  of  Sir  J.  Anderson,  which 
appeared  only  a  few  years  back. 

The  engine  in  steam-carriages  general- 
ly acts  eitlier  directly  on  the  wheels,  and 
causes  them  to  revolve,  and  thereby  pro- 
I^els  the  carriage ;  or  it  acts  on  cranks 
tormed  on  the  axle  of  the  wheels,  and 
the  wheels  being  keyed  upon  the  axle 
are  compelled  to  revolve  with  it.  In 
either  ease,  the  revolution,  whether  of 
the  wheels  or  the  axle,  is  produced  by  a 
connecting  rod  jointed  on  tne  end  of  the 
piston  rod,  and  receiving  motion  from 
the  piston  rod.  The  wheels  arc  generally 
driven  by  two  pistons  working  in  two 
cylinders,  so  that  one  is  at  its  dead  point 
when  the  other  is  in  the  position  most 
favorable  for  its  action.  The  arrange- 
ment of  this  part  of  the  machinery  being 
similar  to  that  of  the  railway  locomotive, 
need  not  be  here  more  fully  described. 

The  stcam-carriaijes  of  dilFereut  pro- 
jectors ditTer  one  from  another,  chiefly 
in  the  boilers,  and  in  the  apparatus  for 
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generstiDff  the  steam  and  admitting  it  to 
the  cylinaer.  Mr.  Gumey^s  boiler  con- 
sisted of  a  series  of  strong  iron  tubes 
placed  side  by  side,  so  as  to  form  the 
bars  of  the  grate  of  the  furnace.  These 
were  connected  with  another  system 
nearly  at  riffht  angles  to  them,  forming 
the  back  of  the  fUmace,  and  these  again 
with  a  third  system,  forming  the  roof 
of  the  Aimace.  The  tubes  forming 
the  grate  bars  had  their  ends  inserted 
in  a  strong  iron  cylinder,  having  its  axis 
horizontal,  and  its  length  extended  across 
the  front  of  the  iumace  under  the  lire- 
door ;  and  the  tubes  forming  the  roof  of 
the  furnace  were  inserted  m  a  similar 
cylindrical  vessel,  extending  in  like  man- 
ner across  the  fi'ont  of  the  furnace  above 
the  fire-door.  These  two  cylinders  were 
likewise  connected  by  upright  cylinders 
of  less  diameter  placed  at  each  side  of 
the  fire-door.  These  systems  of  tubes 
and  cylinders  being  filled  with  water, 
the  heat  of  the  furnace  acting  on  the 
tubes  surrounding  the  fireplace,  and  the 
heated  air  and  fiamo  being  afterwards 
conducted  above  the  tubes  forming  the 
roof  of  the  fireplace,  before  it  escaped 
into  the  chimney,  steam  woh  produced 
in  the  tubes,  which  by  its  lightness  pass- 
ed from  them  to  the  cylindrical  vessel  ex- 
tending over  the  fire-door.  From  that 
vessel  the  steam  passed  into  a  larger  cy- 
lindrical vessel  uDOve  it,  called  a  separa- 
tor, its  puq>ose  being  to  disengage  the 
pure  steam  from  the  spray  of  water  with 
which  it  is  generally  mixed  when  it  first 
escapes  from  the  }>oiling  water  in  a  state 
of  violent  agitation. 

Every  part  of  this  boiler  being  cylin- 
drical, has  the  form  which  is  moat  favor- 
able to^trcngth,  and  which,  within  given 
dimensions,  contains  the  greatest  quan- 
tity of  water.  The  tubes  surrounding  the 
furnace  can  freely  expand  in  the  direc- 
tion of  their  length,  without  being  loos- 
ened at  the  ioints,  and  without  strainiiisr 
any  part  of  tne  apparatus.  Proper  means 
of  opening  the  tubes  at  their  ends  are 
provided,  by  which  they  may  be  scraped 
on  the  insicfc,  and  cleansed  iVom  any  de- 
posit which  may  be  left  in  them  by  the 
water  evaporated  in  them. 

The  boiler  must  have  the  power  of 
generating  steam  rapidly,  strength  to 
secure  it  from  explosion,  liijhtness  and 
couipaotness.  A  strong  drat't  on  the  lire 
is  })roduced  cither  In  lui  air  chamber,  or 
air  fans.  Tlic  o}>eration  of  steering  is 
usnuliy  performed  by  a  h:m<l-wlieel  at 
tlic  forepart,  giving  iu(ttion  by  means  of 
a  rack  and  pinion,  or  chain  and  pulley  to 


the  fore  axle.  The  brake  by  which  the 
motion  of  the  steam-engine  is  arrested 
usually  oonsista  of  metal  oanda  capable  of 
be  ing  pressed  either  agaiiust  the  nave  or 
the  periphery  of  the  one  or  both  the 
after  wheels. 

On  railways,  a  steam  en^ne  will  rea- 
dily draw  200  tons  12  miles  in  an  hour, 
which,  compared  with  ahorse  at  12cwt», 
8  miles,  with  12  traction,  ia  4000  X 12  = 
48,000  to  1152,  or  nearly  42  to  1.  Hence, 
the  engine  operates  with  the  power  of 
42  horses,  and  if  of  greater  estimated 
power,  the  dififerenoe  is  lost  in  imperfect 
contact  of  wheels,  in  friction,  <&c.  II 
the  horses^  speed  were  taken  at  9  or  10 
miles,  it  would  accord  with  cruel  practi- 
ces which  ought  not  to  be  data,  that  this 
would  reduce  the  engine's  power  only  to 
85  or  86  horses. 

But  an  engine  can  work  24  hoora  per 
day,  and  a  horse  but  li  hour  at  this  rate ; 
hence,  the  working  power  of  the  engine 
would  be  16  X  42,  or  672  horses. 

The  cost  is  another  consideration ;  a 
railway  of  12  miles  in  Britain  coets  80 
or  40,000^.  but  it  will  hist  20  years ;  672 
horses  and  harness  would  cost  20,OO<k. 
renewable  every  tour  years.  The  coke 
for  200  tons  for  24  hours,  would  be  Bk 
tons,*  and  assistance  about  5^,  but  the 
horses  would  cost  75/.  for  keep. 

On  a  level  railroad,  the  force  of 
draught,  or  traction,  is  about  the  240th, 
i.  e.  1  cwt.  of  force  is  requisite  to  draw 
12  tons.  In  an  ascending  road,  this  force 
must  be  increased  by  the  ratio  of  the 
rise  to  the  length.  Thus,  a  rise  1  foot  in 
60  would  demand  a  60th  of  the  weight, 
or  12  tons  would  demand  4  cwt.  of  force 
more,  or  6  cwt.  One  foot  in  100  would 
require  2*4  morCj  or  8-4  cwt.  to  draw  it, 
and  so  on.  This  difficulty  is  obviated 
by  a  horse- wheel  at  the  top  of  each  plane, 
or  bv  dividing  the  load  at  bottom,  ana 
re-uniting  at  top.  A  station  engine,  or 
an  extra  engine,  requires  to  be  made 
ready.  But,  in  general,  an  engine  does 
not  travel  with  all  its  power,  so  that  in- 
clinations of  1  in  240  feet  may  be  sur- 
mounted by  enlarging  the  throttle  valves, 
so  as  to  double  its  own  power.  A  heavy 
nuiss,  rolling  the  contrary  way,  wouli 
obviously  give  the  requisite  force  ;  while 
the  pulling  it  up  again  would  be  conveni- 
ent in  descenta.  Ljxrdner  suggests  lifting 
stafres,  on  the  principle  of  canal  locks. 

I'erkins  showed,  that,  by  incretising 
the  strcngtli  of  the  apparatus,  we  might 
use  steam,  so  excited  by  increased  mo- 
tion as  to  press  with  a  force  of  2000  lbs, 
to  the  s(piare  inch. 
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The  fire-tabes  are  now  incrensed  fW>m 
100  to  150  of  1,  1*5,  and  2  inchca  diame- 
ter, BO  that  no  heat  is  lost,  and  the  water 
is  everywhere  in  contact  with  the  pipes 
filled  with  excited  air,  which,  in  all  ca»es, 
is  the  means  of  transmitting  the  motion 
of  fixed  oxyisren  to  bodies  within  its 
asceudinjir  current. 

For  security,  also,  the  steam  is  confin- 
ed within  plates,  so  that  their  reduced 
strentrth  is  a  constant  safety-valve. 

The  crank,  connected  with  the  wheels, 
makes  a  revolution  at  each  stroke  of  the 
piston ;  hence,  the  velocity  is  governed 
oy  the  rapid  generation  of  steam,  and 
this  is  as  the  heat  If  the  wheels  are  5  feet 
or  16  round,  16  into  the  strokes  per  minute 
expresses  the  velocity  on  level  ground. 

STEAM  ENGINE.  The  first  actual 
working  steam  engine  of  which  there  is 
any  record,  was  invented  and  construct- 
ed by  Captiiin  Savory,  an  Englishman  ; 
to  whom  a  patent  was  granted  for  it,  in 
169S.  These  engines  were  employed  to 
raise  water  by  the  expansion  and  conden- 
sation of  steam,  and  were  only  pumps. 
The  steiim  engine  received  great  im- 
provements from  the  hands  of  Newco- 
nien,  Bcighton,  Bhikey,  and  others,  from 
170')  to  1710.  Still,  however,  it  was  im- 
perfect and  nide  in  its  conHtruction,  and 
was  chiefly  applied  to  the  draining  of 
mines,  or  the  raising  of  water.  The 
steam  engine  was  brought  to  its  present 
high  t*tate  of  perfection,  by  the  celebrat- 
ed James  Watt,  about  the  year  1782. 
The  nnmerous  and  vital  improvements 
introduced  by  him,  both  in  the  combina- 
tion of  its  mechanism,  and  in  the  econo- 
my of  its  management,  have  rendered 
the  stoiitn  engine  at  once  the  most  pow- 
erful, the  most  easily  applied  and  rejru- 
latcd,  an<l,  generally  spejikinj?,  the  least 
expensive  of  oil   primo  movers,  for   im- 

Selliiii^  machinery  of  every  description, 
team  eiii^iiies  vary  much  in  magnitude, 
form,  and  proportions,  as  well  as  in  the 
details  of  the  machinery  by  which  the 
power  of  the  steam  is  applied.  In  short, 
the  tbrm  of  the  cnirine,  tlie  arranirement 
and  construction  of  its  parts,  its  power, 
Ac  depend  entirely  on  the  purpose  to 
which  it  i-*  to  be  applied,  and  may  be  in- 
dcfiiiilely  diversified.  The  form  of  the 
slcani  engine  is  susceptible  of  an  endless 
variety,  according  to  the  purposes  to 
which  it  is  to  ho  applied  ;  its  mechanical 
encrLTV  is  usually  estimated  in  horse 
finicr,  {nf,  HoicsE  i'owEu, )  and  is  propor- 
tioned to  the  pressure  of  the  steam,  the 
area  of  the  piston,  and  the  velocity  ot 
which  it  moves.     The  stupendous  effects 


which  have  resulted  from  the  appliostion 
of  the  power  of  steam  in  recent  times, 
are  strikmg  attestations  of  the  immense 
value  of  the  invention.  By  the  agency 
of  steam,  the  seas  are  now  navigated  in 
defiance  of  wind  and  tide ;  the  earth  is 
made  to  yield  np  in  Lavish  abondance  its 
metals  and  minerals ;  vast  marshes  are 
drained,  and  land  before  barren  rendered 
fruitful ;  communities  are  brought  into 
closer  connection  with  communities  ; 
fresh  and  inexhaustible  sources  of  wealth 
and  comfort  are  elicited  ;  new  combina- 
tions of  human  industry  and  ingenuity 
are  brought  into  requisition  ;  knowledge 
is  widely  scattered  abroad ;  distance  is 
lessened  by  velocity  of  locomotion ;  and 
time  itself  becomefe  more  precious.  Thus 
by  infinitely  enlarging  the  sphere  of  use- 
ful action  to  whatsoever  was  useful  be- 
fore, and  by  diffusing  among  millions 
what  previously  was  attainable  only  by 
the  few,  this  agent  has  wrought  a  change 
of  aspect  in  kingdoms,  in  commerce, 
and  in  the  individual  relations  of  society, 
to  an  extent  so  wide,  and  in  a  time  so 
brief,  that  the  history  of  the  world  bears 
no  parallel  to  it  in  influence. 

The  following  is  a  description  of  the 
various  forms  of  engines  commonly  in 
use  : 

DmihU-ading  Condensing  SUam-Er^ 
g'lM,  This  form  of  ensrineis  that  which  is 
almost  invariably  used  as  a  moving  pow- 
er in  almost  all  manufactures.  It  consists 
of  a  cylinder  represented  in  section  atC, 
in  which  a  moveable  piston  P  is  driven 
upwards  and  downwards  by  the  force  of 
steam  supplied  by  a  boiler  placed  near 
the  engine. 

This  piston  gives  motion  to  a  worh' 
ifuj  beam  H  /,  which,  by  means  of  a 
heavy  bar  O,  called  a  conn^fcting  rod^ 
moves  a  litf-wheel  and  crank,  from  which 
the  machinery  to  be  worked  directly  re- 
ceives its  motion.  Steam  is  supplied 
from  the  boiler  to  the  cylinder  by  the 
steam-pipe  S.  The  throttU-valve  T  in  that 
pipe,  near  the  cylinder,  is  regulated  by  a 
system  of  levers  connected  with  the 
(forernor  Q.  This  governor  is  an  appara- 
tus consisting  of  two  heavy  balls  attach- 
ed to  the  ends  of  rods  which  are  kept  re- 
volving on  a  vertical  shall  by  a  cord  or 
bund,  or  by  a  train  of  coi^./cdwhcols  con- 
nected witb  the  fly-wheel.  The  velocity 
with  which  the  balls  of  the  covernor  re- 
volve is  therefore  always  proportional  to 
that  of  the  tly-wluel,  and  of  the  machine- 
rv  driven  bv  it.  If,  by  reason  of  too  ra- 
id  a  suy)ply  of  steam,  an  undue  speed 
e  imparted   to  the  fly-whcci,  the  oalla 


I 


orcLOPEDU  or  thx  ubdttl  una. 


■ra  whiiied  rooDd  wilh  a  correnpnndlne 
velodly;  uii)  bj  reason  of  tlieir  centn- 
ftigiirorDO  thfly  recede  from  the  vertioBl 


lotlie  cj'lindei 

ry  of  tbe  mBcmne.      ii,  on  me    oilier 

luiid,  the  mntion  of  the  engine  be  Flower 

BoppljofineumlbroUBliS,  llientliebiillB, 
BOClwiinrsiifficienllynirectod  hy  ceiitri- 
rii0il  form,  full  lonards  tlie  vvrlinJ  spin- 
dle, ond  acting  on  Clio  Hvaicm  of  levere 
in  the  oontrary  wny,  thoy  turn  the  Ibrot- 
tlc-vidye  T  more  fully  open,  and  admit  a 


cjlinder,  and  made  lo  move  in  it  Bteaiii- 
tiaUt  by  paeking,  with  wlii.li  it  ia  "ur- 
Tounded.  Tliis  p;^•tDn  rlividca  the  erlin- 
der  into  two  toinparlinenlB.  bi'twepn 
which  there  is  no  coninmnicnlion  by 
■whieh  Bteam  or  anv  oilier  elot-tic  fluid 
can  pnfa.  A  cokc  SW  phieed  beside  the 
cylinder,  conlainii  llic  vnlve^  by  mciin^  of 
which  tlie  steuni  which  iinpcia  the  piitlon 
is  ndmiltcd  and  withdrun-n,  and  the  pis- 
ton comniences  it«  motino  in  each  direc- 
lioti.  The  vppir  ikaniJMr  B  is  divided 
into  three  c<itn)>annieiitH  by  two  iriilveB : 
above  the  ii)>|H'r  Aleum-valve  V  is  a  coin- 


Is  aDOther  eampartment  eomm' 

withs  pipe  called  tlieAiw^ton-^^ 
leads  dovnwHrds  lyoiD  the  c>lii 
vRHuiI  called  Ilie  oondeuser,  w 
presendy  describe.     Bv  tl 


[ant 


drive 


the  i^liniier  arter 

ton.  By  the  valve  V  a  cominunioaiiua 
may  be  opened  or  closed  betweeo  tba 
boiler  and  llie  lop  of  the  cjlinder,  bo  aa 

fkvm  the  one  to  the  other.  By  the  valve 
E  a  commnnieation  nuiy  be  opened  or 
dosed  between  tlia  top  of  the   ci  Under 

he  top  of  the  cj  tinder  may  either  be  per- 
m  ed  o  escape  into  the  condeo?>cr  or 
conG  ed  n  the  cylinder.  Tbe  wniinna- 
n  b  f  the  Bicam-jiipe  leads  in  the 
lorn  itam-lua  B,  which,  like  the  nppi^r, 
s  d  V  ded  into  three  compartments  by 
wo  val  eg  V  and  £'.    The  upper  coni- 

].  pe  &  land  the  lower  with  the  edmaion- 
p  pe      B     means  of  tbe  valve  V  aieain 

o  torn  of  the  cylinder, 

cape  to  the  condensei 


:eB  V,  E,  V,  and  E'. 

>re8eiited 
lyslem  of 


flirurc 


or  down  wards  opcn»  and 
vtoses  iiiB  laivea  in  pairs.  Thus  wlirn 
it  is  pressed  daan,  the  levors  connected 
with  It  raise  the  upper  eihaustins  valve 
E  and  the  lower  •■team  valve  V',  and 
clore  the  upper  steam  valve  V  and  the 
lower  eihaiisliiig-  valve  E',  On  the  oilier 
the  spanner  fn  is  pressed  ap 
le  upper  slenm  valve  Vend 
^haustiuE  valve  E',  and  at  the 
same  lime  ciose*  tne  nnper  eiliau^-tinz 
valve  E  and  the  lowerslum  valve  v.  ^ 
Mr.  I'linenl  has  improved  the  mode  of 
condenKin;  the  steam  after  it  has  done 
iu  duty  in  the  c}'lindvr.  Tlie  steam  on 
Icavine  passes  into  lubes  surrounded  bv 
water  intended  for  the  boiler,  which  cuii- 
denses  it  quickly,  and  is  itself  wsmiL-d. 
One  great  sdvuita|ie  U  the  sreat  purity 
of  the  water  w  obtainer"   ->-—• 


hand,  v 


lereby  pre- 
.  d  the  waler  it*clf 
bcine  healed  up  lo  US°,  liiere  is  a  saving 
of  fuel.    It  is  now  exiensivelv  used. 

Psrkins'a  Higli-Prssaure  uid  gaftlv- 
Eni;ine  is  made  upplicable  to  all  pnrpowa 

iiiL.'  the   steiim   lo  the  nd mission- valve. 
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cylinder,  from  whence  it  acts  on  the  nn- 
derside  of  the  piston  at  a  prei^snre  of 
2000  Ibtt.  on  the  inch.  The  cylinder  is 
about  a  IS-horse-powor  ;  the  pieton  only 
six  inches  in  diameter ;  and  the  lengtn 
of  stroke  only  20  inches. 

Polmer^s  apparatus,  as  well  as  Bmn- 
ton^s,  oonsames  the  smoke,  or  supplies 
sufficient  air  for  the  purpose,  either  by 
condensation  or  exhaustion,  turning  from 
right  to  left  or  left  to  right. 

By  placing  vane-wheels  within  the 
chimney  of  the  boiler  of  a  small  steam- 
engine,  the  smoke  and  hot  air  is  return- 
ed through  the  fire  and  paAsed  down- 
ward?, in  a  current,  towards  tlie  ground. 
Sometimes  an  air-pump  ha»  been  used 
instead  of  a  fan,  and  no  chimney  is  re- 
quisite; hence  steam-carriages  emit  no 
smoke. 

Nim-oondenHng  Steam- En^nes.  The 
form  and  «tructuro  of  non-condensing 
engines  differ  in  nothing  from  that  of 
double-acting  condensing  engines,  except 
in  the  absence  of  the  condensing  appara- 
tus ;  that  is  to  say,  the  condenser,  tne  air- 
pump,  and  the  cold  water  and  hot  water 
pumps.  The  ittcam,  after  it  has  impelled 
the  piston,  instead  of  being  conducted 
to  a  cold  vessel  to  be  condensed,  is  sim- 
ply allowed  to  escape  into  the  atmosphere, 
and  is  commonly  ejected  into  the  chim- 
ney of  the  furnace. 

'The  operation  of  such  a  machine  is  ex- 
tremely simple.    The  valves  by  which 
the  steam  is  admitted  to,  and  allowed  to 
escape  from  the  cylinder,  are  exactly  simi- 
lar to  those  of  tfie  double  acting  engine. 
In  the  down  stroke  of  the  piston,  the  up- 
)er  steam  valve  being  open,  admits  steam 
Tom  the  boiler  above  the  piston,  and  the 
ower  exhausting  valve  allows  the  steam 
)elow  to  escjipe  through  a  tube  whicli 
leads  to  the  chimney,  up  which  it  rushes. 
In  the  up  stroke,  tfie  lower  steam   vnlve 
being  open  admits  steam  from  the  boiler 
below  tlie  piston,  and  the  upper  exhaust- 
ing valve  Dcing  open   allows  the  steam 
above  the  piston  to  escape  to  the  chim- 
ney. 

ft  is  evident,  in  such  a  machine,  that 
tlie  piston  is  always  resisted  by  the  pres- 
sure of  the  steam 'escaping  to  the  cnim- 
ney.  As  such  escape  cannot  be  effected 
except  by  steam  of  greater  pressure  than 
that  of  the  atmosphere,  it  follows  that 
the  piston  is  always  resisted  by  a  force 
somewhat  greater  than  the  atmospheric 
pressure.  The  steam  which  urges  the 
jiiston  is,  therefore,  only  effective  by  the 
excess  of  its  pressure  above  that  of  the 
escaping  vapor,  which  may  bo  taken  at 


about  16  Ibe.  per  inch,  bat  which  varies 
in  different  engines. 

As  the  steam  used  in  non-oondensing 
engines  must  of  necessity  have  a  pres- 
sure considerably  exceedmg  that  of  the 
atmosphere,  sucn  machines  have  been 
generally  onlled  hi{/h-pres9ure  engines; 
while  those  which  condense  the  steam 
have  been,  on  the  other  hand,  called 
lauhpressure  engines.  These  terms  are 
not,  however,  correctly  expressive  of  the 
nature  of  these  engines  respectively. 
Since  the  pumps  of  the  non-condensing 
engine  are  dispensed  with  in  this,  the 
beam  ma^r  be  so  likewise,  and  a  still 
further  simplification  results  from  an 
oscillating  movement  given  to  the  cylin- 
der ;  such  are  teamed  vifprcUinff  engines, 
and  are  successfully  used  where  space  is 
limited  as  in  marine  engines.  Many  en- 
gines in  which  condensation  is  used, 
especially  those  in  which  the  expansive 
principle  is  applied  with  much  effect,  are 
worked  with  steam  of  a  high  pressure, 
not  unfrequently  with  a  pressure  amount- 
ing to  from  two  to  three  atmospheres. 
It  is,  therefore,  not  correct  to  call  such 
machines  low  pressure  engiues.  It  is, 
however,  true  that  engines  worked  with- 
out condensation  must,  of  necessity,  be 
worked  by  steam  of  a  pressure  whicn  is 
generally  called  higfi  pressvre. 

An  improvement  in  oscillating  engines 
has  been  introduced,  which  consists  in 
the  substitution  of  a  circular  valve  for 
the  ordinary  slide  valve,  thus  dispensing 
with  eccentric  guides,  which  renaers  the 
engine  less  complicated,  more  easily 
managed,  as  one  lever  suffices  for  use. 
It  is  especially  applicable  to  small  river 
boats. 

All  locomotive  engines,  without  excep- 
tion, used  on  railways  or  common  roads, 
are  high-pressure  non-condensing  en- 
gines. (See  Locomotive  Engine,  and 
Steam  Carriage.) 

High-pressure  non-condensing  engines 
are  almost  universally  used  for  inland 
navifiration  at  the  West  and  South. 

The  accompanying  engraving  repre- 
sents a  vertical  high-pressure  engine,  not 
occupying  much  apace,  and  adapted  for 
printmg  or  manufacturing  mirposes. 

notary  St^am  ZVi^in^?.— This  term  is 
sometimes  applied  to  the  double-acting 
engine  working  a  crank  and  fly-wheel, 
as  distinsruishing  it  ft-om  the  single-act- 
ing engine  used  for  pumping.  But  it  is 
more  properly  applied  to  an  engine  in 
which  a  motion  or  rotation  is  produced 
immediately  by  the  action  of  steam, 
without  the  inter\'ention  of  such  roecha- 
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nism  as  the  workingr  beam,  crank,  nnd 
fljr-wheel.  This  is  usually  effected  by  a 
piston,  which,  instead  of  moving  lonpi- 
tudinaJIy  in  the  cylinder,  revolves  with- 
in the  cylinder  on  an  axis  which  coin- 
cides with  the  geometrical  axis  of  the 
cylinder  itself.  The  mechanism  is  so 
contrived  that  this  piston  shall  revolve 
in  steam-tight  contact  with  the  sides  and 
ends  of  the  cylinder;  and  that  while 
Hteam  from  the*  boiler  constantly  presses 
it  on  one  side,  the  steam  on  the  other 
side  shall  continually  escape  to  the  con- 
denser, if  it  be  a  condens'ng  engine,  or 
to  the  chimney,  if  it  be  anon-condensing 
engine.  The  various  contrivances  for 
rotary  engine*  which  have  been  suggest- 
ed differ  one  from  the  other  only  in  the 
mechanictd  expedients  by  which  these 
ends  are  attained.  Such  machines  arc 
very  numerous  and  various. 

A  cubic  inch  of  water  becomes  vcrv 
nearly  a  cubic  foot  as  vapor,  or  steam  of 
the  first  degree,  exactly  16S0,  and  there 
arc  172S  culiic  inches  m  a  foot.  When 
Whicr  is  at  212,  it  requires  6  times  the 
heat  to  vaporize  a  foot  that  it  did  to  raise 
a  foot  from  ice  to  212°;  and  if  1  foot  of 
water,  as  steam,  be  mixed  with  6  of  wa- 
ter at  82,  it  becomes  7  at  212,  showing 
that  there  is  6  times  the  motion  in  steam 
that  there  is  in  water,  yet,  as  density  is 
inversely  as  bulk,  a  thermometer  in  such 
fcteam  still  standvS  at  2]ii°, 

The  7>oir<r  of  every  stroke  of  an  cncrinc 
is  easily  estimated.  Square  the  inside 
diameter  of  the  piston  in  inches,  and 
nniltiply  by  O-TS.vl.  Or,  Sfjiiaro  the  in- 
C'Uh'  circumtVronoc  in  inches,  and  nnilti- 
ply by  0-u7;'o8.  Then,  with  an  atmos- 
pheric power.  miilli|'ly  by  1'),  nnd  allow 
for  friction  and  loss  ol  power  a  fourth  or 
iiflii.  ^Vith  a  real  steam  now  or  or  hiLrh- 
pressure  en^rine  multiply  ny  tho  number 
indicated  by  heat  less  the  atmosydierie 
pressure,  as  50,  '2i><'>.  or  I30o,  as  it  may  be, 
and  nllow  a  fifth  frietion. 

EtToet,  or  work,  is  as  the  number  and 
length  of  strokes  per  minute,  since  the 
power  is  the  multiple  of  the  lii>t  force  by 
the  velocity. 

EiLdit  S(|Hare  feet  of  tlic  surface  of  the 
boiler  mu>t  be  acted  on  by  the  fire,  to 
convert  a  cubie  foot  of  water  into  steam 
in  nn  hour,  and  then  it  becomes  172'^ 
cubic  feet  ;  that  is,  fr<^m  1  toot  ench  way 
to  12  fcot  in  ea'  h  dirMcn>ion.  The  num- 
ber of  al"iiis  is  the  -nnic.  and  tlicy  mere- 
ly fill  a  larL'cr  space  by  their  combinc<l 
inoticns. 

The  power  is  equal  to  the  ex{.nn>ioii  or 
volume.     At  212,  t)ie  steam  to  the  water 


i»  as  17:^8  to  1,  which  giv%  a  force  of 

15  lbs.  to  the  square  inch;  but,  al  22Ti° 
to  the  volume  is  6  times  greater,  or  K^^O 
to  1 ;  at  250i,  is  15  times  greater,  27, "XO 
to  1 ;  and,  at  282°,  is  40  times  greater, 
or  72,C>00  steam  to  1  of  water,  with  a 
nower  of  65  lbs.  to  the  square  inch. 
Brunton  says  it  may  be  expanded  to  4<^) 
times  its  bulk  at  212°.  Its  force  depends 
on  the  power  and  continuity  of  compn-s.- 
sion,  or  reaction,  and  the  vast  increase  is 
an  accelerated  power. 

Expansice  Engine. — As  the  operation 
of  the  steam  engine  has  been  explained, 
the  power  which  moves  the  piston  i»  the 
immediate  force  with  which  vapor  is  pro- 
duced in  tlio  boiler.  Each  quantity-  of 
water  which  is  successively  evaporated 
obtains  the  space  requisite  for  it  in  the 
fonn  of  steain,  by  pressing  towards  the 
cylinder  an  ccjual  (quantity  of  steam  pre- 
viously contained  in  the  lx)iler ;  and  it  is 
the  force  with  which  the  steam  is  thui 
pressed  forward  that  impels  the  pi>ton. 
Great  additional  mechanical  power  will 
be  obtained  from  the  steam,  if,  bci'ides 
this  moving  power  which  results  from 
immediate  evaporation,  the  expansive 
power  of  the  steam  separated  from  the 
water  be  used.  This  is  accomplished  by 
clof-ing  the  valve  through  which  steam 
flows  from  the  boiler  to  tlie  cylinder  h-c- 
fore  the  piston  has  completed  its  stroke. 
Thus,  let  us  suppose  that  when  the  pi?*- 
ton  lias  advanced  tlirough  half  its  stroke 
the  steam  valve  be  closed,  the  stcani 
which  is  then  acting  upon  the  piston  will 
still  urge  it  forward;  but  as  the  pi>ton 
advances,  this  steam,  assuming  a  propor- 
tionally augmented  volume,  will  aovpiire 
a  gradually  diminislied  pressure,  so  that 
throutrh  the  remaining  half  of  tho  stroke 
the  piston  will  be  urged  by  a  pressure 
progressively  decreasing,  and  at  the  ter- 
mination ot*^  the  stroke,  it  will  be  a  little 
less  than  half  the  force  with  which  the 
piston  was  impelled  while  the  steam 
valve  was  opened. 

Since  the  force  of  the  steam,  from  the 
moment  the  steam  valve  is  closed,  is  thus 
continually  diminished,  its  moving  p^^\er 
might  be  so  much  attenuated  tliat  it 
would  be  incapable  of  overcomincr  the 
rc'^istance  so  as  to  complete  the  stn^ke  ; 
this  would  hnp[>en  if  the  steam  were  cut 
otf  when  only  a  small  fraction  of  the 
stroke  has  been  ma<le,  unless  the  {^n-s- 
sure  of  the  steam  while  the  valve  is  oj'en 
exctctls  the  resistance  in  a  projM>rTi<>ii;,te 
<lefrrec.  It  is  Ibr  this  reason  that  the 
expansive  princi|>le  cannot  be  brought 
into  operation  to  any  considerable  extent, 
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unless  steam  be  used  of  a  g^reater  pres- 
Buro  than  is  commonly  adopted  in  low- 
pressure  engines.  It  is  also  apparent 
thnt  with  an  eaoal  volume  of  cylinder 
greater  length  or  stroke  should  be  given 
when  the  expansive  principle  is  used. 

The  mecbanbm  by  which  the  exjMU- 
sivo  principle  is  brought  into  practical 
operation,  consists  merely  in  the  adapta- 
tion of  valves  or  slides,  which  shall  stop 
the  admission  of  steam  when  the  required 
fraction  of  the  stroke  has  been  made  by 
the  piston,  but  which  shall  leave  the 
communication  with  the  condenser  open 
till  the  stroke  is  completed.  If  separate 
valves  be  used,  this  is  accomplished  by 
adapting  the  pins  or  other  mechanism 
by  which  they  are  worked  to  open  and 
close  them,  independeutlj^  of  each  other, 
at  the  proper  times.  II  slides  be  used, 
it  is  eftected  by  retrulatiug  the  form  and 
aperture  of  the  slide,  so  as  to  cover  and 
uncover  the  passages  to  the  cylinder  at 
tlie  proper  times.  Each  species  of  valve, 
and  each  form  of  slide  or  cock,  has  its 
own  peculiar  provisions  for  accomplish- 
ing tnis. 

ISingU-acting  St^dm  Engine.  —  When 
the  steam  engine  is  applied  to  the  pur- 
pose of  pumping  waterj  which  in  the 
nrst  periods  of  its  invention  was  its  onl^' 
proctjctti  application,  the  force  which  it 
exerts  is  only  required  in  raising  the 
pump  rods  with  their  load  of  water, 
their  own  weight  being  more  than  suffi- 
cient for  their  descent.  As  the  pump 
rods  are  attached  to  the  working  end  of 
the  beam,  the  force  of  the  steam  is  only 
required  to  draw  up  that  end,  and,  there- 
fore, to  draw  down  the  end  at  which  the 
Btcum  piston  is  attached ;  the  steam,  there- 
fore, being  only  required  to  press  tiie  pis- 
ton downwards,  it  is  not  admitted  from  the 
boiler  alx)ve  it,  as  in  the  engine  already 
described,  whioli  for  distinction  is  called 
the  double-acting  cnjjine.  During  the 
down  j*troke  of  the  single-acting  engine 
the  performance  of  the  machine  is  pre- 
cisely similar  to  that  j^lready  described ; 
Hloam  is  admitted  through  the  upper 
steam  valve  above  the  piston,  while  the 
space  in  the  cylinder  below  the  piston  ift 
kept  in  free  communication  with  the  con- 
denser by  keeping  the  lower  exhousting 
vnlvo  open.  The  operation,  therefore, 
of  llic  upper  steam  vulve,  and  the  lower 
cxhaustiiiLr  valve,  is  precisely  tlie  same 
as  in  the  double-acting  eiiLfino.  When 
the  piston  hiis  readied  the  bottom  of  the 
cylinder,  the  two  former  valves  being 
closed^  a  valve  ctillod  the  equilibrium 
valve  IS  opened,  by  which  a  fVee  commu- 


nication is  made  between  the  top  and  the 
bottom  of  the  cylinder :  by  this  means 
\het  steam  which  fills  the  upper  part  of 
tSe  cylinder,  being  allowed  to  now  equally 
to  the  lower  part,  will  press  with  the 
same  force  on  both  sides  ot  tlie  piston,  and 
will,  therefore,  have  no  tendency  whatever 
to  move  it.  Under  these  circumstances, 
the  preponderating  weight  of  the  pump 
rods  suspended  from  the  other  end  of 
the  beam  will  draw  the  piston  to  the  top 
of  the  cylinder :  while  it  is  ascending 
the  steam  whicn  was  above  will  pass 
through  the  equilibrium  valve  below  it, 
and  when  the  piston  has  reached  the  top 
of  the  cylinder,  the  cylinder  under  the 
piston  will  be  filled  with  the  same  steam 
which  previously  had  driven  the  piston 
down. 

Upon  the  occurrence  of  the  next  down 
stroke,  the  equilibrium  valve  is  closed, 
and  the  upper  steam  valve  and  lower  ex- 
hausting vulve  are  opened ;  the  steam 
pressure  acts  above  the  piston,  and  a  va- 
cuum is  produced  below  it,  and  the  pis- 
ton descends  as  before. 

Atmospheric  Enfjine. — The  engine  so 
called  WHS  the  first  form  of  steam  engine 
which  was  ever  brought  into  extensive 
and  durable  practical  application,  and  in 
districts  where  fuel  is  cheap  and  abun- 
chint  the  simplicity  of  its  structure  still 
keeps  it  in  partial  use.  Steam,  in  the 
atmospheric  engine,  is  only  used  as  an 
agent  for  the  production  of  a  vacuum,  in 
order  to  give  effect  to  the  atmospheric 
pressure.  It  was  originally  only  used  for 
pumping  water. 

The  atmospheric  engine,  which  is  only 
applied  to  pumping,  consists  of  a  cylin- 
der open  at  the  top^  having  a  piston 
which  moves  in  it  air-tight  and  steam- 
tight.  The  piston  is  thus  maintained  by 
being  lubricated  by  oil  or  melted  tallow 
poured  above  it.  Supposing  the  piston 
to  be  at  the  bottom  of  the  cylinder,  steam 
is  admitted  from  the  boiler  by  a  proper 
valve.  This  steam,  having  a  pressure 
not  much  exceeding  that  of  the  atmos- 
phere, will  balance  the  pressure  of  the 
atmosphere  above  the  piston,  and  will  be 
sufficient,  also,  to  overcome  the  friction 
of  the  piston  with  the  cylinder.  Under 
such  circumstances,  the  prepondemtiiiu: 
wciffht  of  the  pump  rod  at  the  other  end 
of  the  beam  draws  the  piston  to  the  top 
of  the  cvlinder,  in  the  r»a]nc  manner  as 
the  piston  is  drawn  up  in  the  sint:lu  a<'t- 
inif  steam  eiiL,'ine  already  described.  The 
piston  beiii:^  thus  su>i>endcd  at  the  top 
of  the  cylinder,  the  vjdve  mimittinff 
steam   from   '.ho   boiler    is    closed,   and 
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•notlier  valve  or  oock  is  opened  by  which 
a  jet  of  oold  water  '»  thrown  into  the 
linder.  This  immediately  oondenROS 
steam,  and  leaves  a  vacaam  under 
pi^^tou.  The  atmospheric  pressure  above 
It  oonsequentl  V  takes  eifect,  and,  forcing 
the  piston  to  tiie  bottom  of  the  cylinder, 
draws  the  pump  rods,  with  their  load  of 
water,  up.  Wnen  the  piston  arrives  at 
the  bottom  of  the  cylinder,  the  oock  ad- 
mitting the  jet  of  cold  water  is  closed, 
aad  another  is  opened,  by  which  the 
warm  water  formed  by  the  mixture  of 
the  condensed  steam  with  the  cold  water 
of  the  jet  is  discharged  into  a  reservoir 
from  which  the  boiler  of  the  engine  is 
fed.  The  steam  is  then  again  admitted 
tVom  the  boiler,  the  piston  ascends,  and 
so  the  process  is  contmued. 

The  cocks  or  valves  above  mentioned 
are  opened  and  closed  at  the  proper  times 
by  means  of  a  rod  or  beam,  called  the 
plug  frame^  attached  to  the  working 
beam,  which  is  placed  and  which  is  moved 
in  a  manner  similar  to  the  rod  of  the  air- 
pump  in  the  steam  engines  already  de- 
scribed. 

STEAM  NAVIGATION.  The  art 
of  apnlying  the  power  of  steam  to  the 
propulsion  of  boats  and  vessels  in  general, 
as  well  for  inland  communication  by  riv- 
ers and  lakes,  as  for  the  general  purposes 
cf  national  commerce  on  the  seas  and 
oceans  by  which  the  various  parts  of  the 
globe  are  separated. 

To  Stive  space,  marine  boilers  are  con- 
structed bo  as  to  produce,  within  the 
smallest  possible  dimensions,  the  neces- 
sary quantity  of  steam.  With  this  view, 
a  more  extensive  surface  in  proportion  to 
the  capacity  of  the  boiler  is  exposed  to 
the  fire.  The  flues  by  which  the  flame 
and  heated  uirare  conducted  to  the  chim- 
ney are  so  constructed  that  the  heat  shall 
act  upon  the  water  on  everj^  side  in  thin 
oblong  shells  or  plates.  Tiiis  is  accom- 
plished by  constructing  them  so  as  to  tra- 
verse the  boiler  backwards  and  forwards 
several  times  before  they  issue  into  the 
chimney.  The  bottom  of  the  boiler  is 
not,  therefore,  one  uniform  flat  or  arched 
surface,  as  in  land  boilers ;  but  is  divided 
by  a  number  of  plates  olaced  in  a  vertical 
position  side  by  wide,  having  spaces  be- 
tween them  alternately  appropriated  to 
the  water  to  be  heated  and  the  air  from 
the  fire.  This  division  is,  in  some  boil- 
erM,  not  only  made  in  the  bottom  on  a 
level  nearly  with  the  furnace,  but  another 
stratum  of  similar  flues  and  water  spaces 
is  constructed  nbove  the  level  of  the  fur- 
nace ;  so  that  the  heated  air  first  traverses 


the  lower  stratnm  of  fines,  andaiterwvrds, 

being  oond  acted  iipwards^  traverse  the 
upper  stratum  before  it  lasues  into  the 
chimneys. 

In  steam  vessels,  instead  of  effecting 
the  necessary  evaporation  by  a  single 
boiler,  it  is  usual  to  provide  two,  three, 
four  or  more,  independent  boilers,  accord- 
ing to  the  magnitude  of  the  vessel  and 
the  power  of  her  engines.  By  this  meana* 
when  at  aea,  the  engines  may  be  workea 
by  some  of  the  bouers  while  others  are 
being  cleaned  or  repaired. 

The  manner  in  which  the  steam  engine 
is  rendered  an  instrument  for  the  propul- 
sion of  vessels  must,  in  its  general  fetn 
tures,  be  so  familiar  to  every  one  as  to  re- 
quire but  short  explanation.    A  shaft  is 
carried  across  the  vessel,  bein^  continaed 
on  either  side  beyond  the  timbers;  to 
the  extremities  of  thia  shaft  on  the  out- 
side of  the  vessel,  are  attached  a  pair  of 
wheels,  constructed  like  under-shot  wa- 
ter wheels,  having  fixed  upon  their  rims  a 
number  of  flat  boards  called  paddU  hoardi. 
As  the  wheels  revolve  these  paddle  boards 
strike  the  water,  driving  it  in  a  direction 
contrary  to  that  in  which  it  is  intended 
the  vessel  shall  be  propelled.    The  mov- 
iujy^  force  impartea  to  the  water  thua 
driven  backwards  by  reaction  on  the  ves- 
sel propels  it.    On  the  paddle  abaft  are 
constructed  two  cranks  or  winches,  placed 
at  right  angles  one  to  the  other,  so  that 
whenever  one  of  them  is  thrown  into  the 
highest  or  lowest  position,  the  other  » 
horizontal.    These  cranks  are  worked  by 
strong  iron  rods  called  connedin^  rodi, 
which  are  themselves  either  driven  di- 
rectly by  the  pistons  of  two  bteam  en- 
gines, or  are  worked  by  beams  or  lever*; 
thus  the  medium  of  working  becomes 
similar  to  those   used  in  the  ordinary 
land  engines.    (tS^  Steam  Engine.)    The 
two  cranks  beinff  placed  at  right  angles, 
it  follows  that  when  one  piston  is  at  the 
top  or  bottom  of  its  stroke,  and  the  crank 
driven  by  it  in  the  highest  or  lowest  po- 
sition, tlie  other  "VKiU  be  at  the  middle  of 
its  stroke,  and  the  crank  driven  by  it  will 
be  in  the  horizontal  position.     One  of  the 
pistons  is  therefore  always  iu  a  position 
to  produce  the  most  advantageous  etfeot 
on  the  crank  at  the  moment  that  the  other 
piston   lof*es  all   power  over  the   crank 
driven  by  it ;  and  in  the  same  manner  it 
may  be  seen  that  while  the  power  of  one 
piston   is  augmented   from    zero    to  its 
greatest  etfect,  the  power  of  the  other  is 
decreasing  from  its  greatest  ertV?ct  lo  zero. 
Ti)us  the  combined  action  of  the  two  pis- 
tons is  nearly  uniform  to  its  efficiency. 
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If  ODe  engine  only  were  need,  the  motion 
of  the  wheeU  would  he  anequol,  being 
mo8t  rapid  when  the  piston  is  at  tne  mid- 
dle of  tiio  stroke  ana  slowest  at  the  ex- 
tremities. 

Tlie  steam  engines  used  for  navigation 
Ttiuy  be  either  condensing  engines  or  non- 
condensing  engines.  If  the  latter  are 
Uficd,  steam  must  bo  used  having  a  pres- 
sure above  the  utmosnhere  of  from  15  to 
*2ij  lbs.  per  square  inon.  Boilers  in  which 
Htojim  IS  produced  under  this  pressure 
arc  considered  in  Europe  so  unsafe,  that 
there  condensing  engines  with  low  pres- 
sure boilers  are  almost  universally  used 
for  navigation.  On  this  continent,  how- 
ever, higli-prfss*ure  boiler:^with  non-con- 
densing en>fincs  are  generally  used. 

The  urnm^ement  of  the  parts  of  marine 
engines  \a  ditfcrcnt  in  several  respects 
from  land  engines.  Steam  vessels  being 
generally  employed  to  navigate  the  open 
sea.4,  and  being,  therefore,  subject  to  the 
vicissitudes  of  tempestuous  weather,  the 
machinery  must  be  protected  by  being 
placed  below  the  deck.  The  space  allots 
ted  to  it  bcinj?  thus  limited,  great  compact- 
ness is  necessary.  The  paddle  shaft  be- 
ing very  little  below  the  deck,  the  work- 
ing l>eam  and  connecting  rod  could  not 
be  placed  above  it.  Two  beams  ore  used 
— one  pl.iced  on  either  side  of  the  cy- 
linder. These  have  a  common  centre 
of  oscillntion,  which  is  placed  near  thf 
bcfl  of  the  engine.  At  the  one  end, 
lird'/t  from  the  crosit-head  of  the  piston  are 
coimccted  with  the  beams  ;  at  the  other, 
through  the  intervention  of  a  cross-tail^ 
the  connecting-rod  is  attached,  thus  com- 
plotinjr  the  connection  with  the  crank. 

Where  sea  water  is  used  in  the  boilers, 
as  the  water  evaporates  the  salts  are  dc- 
pcwited  in  an  insoluble  form  on  the  inner 
surface  of  the  boiler,  forming  a  crust  diffi- 
cult to  remove,  and  causing  loss  by  pre- 
ventinjr  ;he  heat  reaching  the  water  in 
tlu»  boiler  until  the  metal  is  heated  very 
hot,  when  explosions  are  liable  to  occur. 
Dr.  Davy,  on  the  l)est  method  of  pre- 
venting the  incrustation  in  the  boilers  of 
steam  vessels,  says,  it  is  principally  crys- 
talline in  structure,  composed  chiefly  of 
siilpha^c  of  lime.  To  prevent  the  deposi- 
tion of  the  inerusting  matter,  the  addi- 
tion of  muriate  of  ammonia  and  sulphate 
of  amnion iu  have  been  employed,  but 
witliout  success.  The  introuuelion  of  a 
certain  (juantity  of  sawdust  or  tallow,  or 
a  mixture  of  tallow  and  plumbaj^o,  to 
prevent  close  adlie.Mon  ami  the  more  easy 
separation  of  the  inerusting  matter  by 
percussion,  using  a  chisel  hammer,  or  by 


oontraotion  and  unequal  expansion  by 
means  of  flame  kindled  with  oakum  after 
emptying  the  boiler  and  drying  it,  has 
been  attempted,  with  partial  success. 
The  best  method  is  that  of  "  blowing  ofiV' 
that  is,  discharging  by  an  inferior  sto{)- 
cock  aoerttiin  quantity  of  the  concentrat- 
ed water  by  the  pressure  of  steam,  after 
the  admission  aoove  of  an  equivalent 
quantity  of  sea  water  of  ordinary  density. 
A  oertam  preventive  would  be  the  sun- 
stitntion  or  distilled  or  rain  water  in  the 
boiler  for  sea  water.  But  in  sea  steam- 
ers, in  which  sea  water  is  used,  or  any 
water  containing  sulphate  of  lime,  the 

Erevention  of  deposition  may  be  effected 
y  keeping  the  water  at  that  degree  of  di- 
lution at  which  the  sulphate  of  lime  is 
not  separated  fVom  the  water  in  which  it 
is  dissolved.  Sulphate  of  lime  is  hardly 
less  soluble  in  water  saturated  with  com- 
mon salt  than  in  perfectly  fresh  water. 
The  great  object  in  sea  steamers  is  to 
economize  the  escape  of  water  in  the  form 
of  steam,  and  thereby  heat  and  fuel,  also 
to  use  fresh  water  as  much  as  possible, 
and  to  avoid  using  sea  water  near  coasts 
and  parts  of  seas  where  ftilphate  of  lime 
is  most  abundant. 

The  method  by  which  the  water  in  the 
boiler  is  prevented  from  being  over  salted, 
baa  been  usually  to  dischnrgo  mto  the  sea  a 
certain  quantity  of  over  salted  water  (called 
brine\  and  to  supply  its  place  by  sea  wa- 
ter introduced  through  the  condenser,  and 
which,  being  mixed  with  the  condensed 
steam,  is  rather  less  salted  than  ordinary 
sea  water.  To  effect  this,  cocks,  called 
Uow-off  cocks,  are  placed  in  the  lower 

?art  of  the  boiler  where  the  brine  collecta. 
he  pressure  of  the  steam  is  sufficient  to 
force  the  lower  strata  of  water  out  through 
these  cocks  when  thev  are  open,  and 
this  process  is  called  Itlowing  out.  It  is, 
or  ouflrht  to  be,  practised  at  such  intervals 
as  will  prevent  the  water  fh)m  becoming 
over  salted. 

The  improper  observance  of  this  pro- 
cess is  attended  with  injurious  effects  at 
sea.    If  too  much  water  be  blown  out,  a 

f)roportionate  loss  of  heat  and  waste  of 
uel  is  incurred.  If  insufficient  water  be 
blown  out,  incrustation  takes  pljice,  and 
its  injurious  consequences  ensue. 

Where  there  is  plenty  of  boiler-room 
no  boiler  is  like  the  long  cylinder  one 
with  return  flues.  It  is  the'  safest  and 
best.  For  compactness  the  tubular  boil- 
er is  best,  but  then  it  needs  pure  water, 
for  it  has  so  many  joints  that  it  is  difficult 
to  prevent  leakaire,  owing  to  the  expan- 
sion and  contraction ;  incrustations  are 
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also  Bure  to  act  Injarionsly  towards  the 
end  of  a  tedious  sea  voyage.  Tabular 
boilers  are  peculiarly  liable  to  priming, 
and  great  danger  arises  from  this  cause. 
A  scale  of  about  l-16th  of  an  inch  is  form- 
ed in  the  interior  of  the  boilers  of  our 
ocean  steamers,  during  one  passage  be- 
tween New-York  and  Liverpool,  and  the 
evil  of  this  is  far  greater  in  tubular  than 
it  c«u  be  in  any  other  boiler.  It  is  very 
difficult  to  maintain  the  feed  of  tubular 
boilers  at  a  uniform  height,  owing  to 
the  smaller  quantity  of  water  in  them 
than  in  the  common  boilers;  the  only 
remedy  is  carefulness  on  the  part  of  the 
engineers — when  this  is  wanting,  then 
there  is  danger.  , 

As  the  voyages  accomplished  by  steam 
vessels  haveincreased  in  length,  the  eco- 
nomy of  fuel  in  working  them  has  be- 
come a  subject  of  vastly  augmented  im- 
portance.   So  long  as  steam  navigation 
was  confined  to  river  or  channel  trans- 
port, or  to  coasting  voyages,  the  speed  of 
the  vessel  was  a  paramount  consideration, 
at  whatever  expenditure  of  fuel  it  mi^ht 
be  obtained  ;  but  since  steam  navigation 
has    been   extended   to  ocean    voyaires, 
where  coaI^  must  be  transported  fvutiicic'nt 
to  keep  the  engine  in  c]>cration  for  a  long 
period  of  time  without  a  fresh   relay, 
greater  attention  has  been  bestowed  on 
economizing  it.     Since  the  resistance  of 
a  steam  vessel  to  the  moving  power  pro- 
duced by  the  action  of  the  j)acklle  wheels 
varies  with  the  state  of  the  weather,  the 
consumption  of  steam  in  the   cyliiulcrs 
must  undergo  a  corresponding  variation  ; 
and   if  the  ]irodiictiou   of  steam  in  the 
boilers  be  not  proportioned  to  this,  the 
engines  will  either  work  with  less  clfi- 
eicncy  than  they  might  do  under  the  ac- 
tual   circnnisturices   of  the   weather,    or 
more  steam  will   be  produced  tiian   the 
cylinders  can  consume,  and  the  snri>lus 
will  be  discharL'cd  to  waste  throuirh   the 
safety  valves.    The  fireman  of  a  marine  en- 
gine must,  therelure,  in  a  certain  dcLfree, 
disciiarge  the  fiinctions  of  a  sclf-reirulatini,' 
furnace,  rendering  the  force  of  the  tire  al- 
ways proportionate  to  the  wants  of  the 
euirine.     rs'onc  but  the  most  industrious 
and  skilt'ul  stokers  can  be  expected  to  ac- 
complish this. 

Until  within  a  fuw  voars  of  the  present 
time  the  heat  radiated  from  every  ])art  of 
the  surt'ace  of  tlie  l><»iler  was  allowed  to 
i^o  to  waste,  and  to  pn^tltiee  iiijiiii<»us 
et1('<-ts  on  those  parts  of  tin-  \osfl  t(^ 
which  it  was  transmitted.  This  e\  il  lias 
been  lately  removed  by  coatinL'  tlic  exte- 
rior of  the  boilers  with   felt  prepared  for 


the  purpose,  bv  which  the  escape  of  heat 
fVom  the  surface  of  the  boiler  ia  very 
nearly  if  not  altogether  prevented.     Tlii** 
felt  is  attached  to  the  plates  of  the  boiler 
by  a  thick  covering  of  white  and  red  lead. 
The  method    by  which   the   greatest 
amount  of  practical  effect  can  be  obt^iined 
from  a  given  quantity  of  fuel  must  mainly 
depend  on  the  extensive  apf>licalion  of 
the  expansive    principle.      {S^f    Steajc, 
Steam  Enoine).    The  difficulty  of  the  ap- 
plication of  this  principle  in  marine  en- 
gines has  arisen  from  tne  objections  en- 
tertained in  Europe  against  the  use  of 
steam  of  high  pressure  under  the  circom- 
stances  in  which  an  engine  must  be  work- 
ed at  sea.    Tiiis  objection  is  not  felt  in 
this  country,  where  all  the  river  steamers 
act  on  the  expansive  principle.     To  app?y 
the  expansive  principle  with  great  effect, 
it  is  necessary  that  tne  moving  power  at 
the  commencement  of  the  stroke  sliall 
considerably  exceed   the  resistance,    its 
force  being  gradually  attenuated  till  the 
completion  of  the  stroke,  when  it  will 
finally  become  less  than  the  resistance. 
This  condition  may  be  fulfilled  witlK-ut 
resorting  to  steam  of  hijrh  pressure,  if  a 
sufficient  quantity  of  piston   surface  be 
used.     This  method  of  rendering  the  ex- 
pansive principle  available  for  navigation 
and  compatible  with  low-pressure  steam 
has  recently  been  modified  in   Eniiland 
by  Messrs.  Maudsley  and  Field.     Their 
improvement  consists  in  adapting  two 
steam  cylinders  in  one  enirine  to  work  a 
single  crank,  both  pistons  ascending  and 
dcscendinff  together,  the  piston  rods  be- 
ing both  attiiched  to  the  same  horizontal 
cross-head  moving  in  guides. 

About  the  year  1S83,  Mr.  Field  propria 
ed  the  ffplit  pafltl/ey  which  is  now  corninir 
into  very  extensive  use.  In  this  whce' 
each  paddle  board  is  divided  into  two  or 
more  narrow  slips  arranged  one  belnnd 
the  other,  like  the  laths  of  a  Venetian 
blind  or  the  steps  of  a  step-ladder.  These 
wheels  are  as  enlcicnt  in  propelling  wluu 
at  the  lowest  point  >is  the  common  paddle 
hoards  ;  and  when  they  emerire  tne  wa- 
ter esc^ptcs  simultaneously  from  eacli  nar- 
row V)0:ir(l.  and  is  not  thrown  up,  as  is 
the  case  with  the  common  paddles. 

The  construction  of  a  trf^d  and  efficient 
paddle  is  still  a  desideratum. 

The  j'rol>lem  of  the  application  of  steam 
iiower  to  water  transjtort  j»resented  itself 
in  the  Tnited  States  under  condition:* 
very  dillVtiiit  iVoju  tho^^e  under  which  it 
olfcred  itself  in  Kuropc,  and  its  solution 
lins  accordin'jly  been  productive  of  very 
dilferent  results.     While  the  chief  objectV 
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of  the  commercial  interests  in  Europe 
was  the  establishment  of  lines  of  steam 
vessels  connectiuff  the  ^eat  cities  and 
coast  towns  of  the  British  dominions 
with  each  other,  and  with  those  of  the 
Continent,  and  as  the  art  advanced,  to  ex- 
tend the  same  sodal  and  commercial  ben- 
efit to  the  coasts  of  the  chief  coimtries  of 
Earope,  so  as  to  stimulate  the  social  inter- 
course of  nations  too  lon^  disunited  and 
struggling  in  unprofitable  warfare,  and 
thereby  to  diffuse  equally  amon^  all  the 
tlie  benefits  of  general  commercial  inter- 
course, America,  standing  alone  in  her 
vast  extent  ot  terrritory,  having  no  near 
neighbors  with  whom  to  cultivate  social 
or  commercial  relations,  regarding  her 
immense  country  intersected  by  some  of 
the  most  noble  rivers  in  the  world,  en- 
riched by  the  largest  sheets  of  inland  wa- 
ter which  can  be  found  upon  the  globe-;- 
thus  situated,  she  stiw  that  inland  navi- 
gation, river  and  lake  transport,  was  the 
great  application  of  steam  bv  which  her 
rising  and  enterprising  population  would 
bo  most  benefited,  and  bv  which  the  ne- 
cessary intercourse  coula  be  maintained 
between  her  great  western  emporiums 
erected  on  the  banks  of  the  Mississippi 
and  Ohio ;  her  more  northern  settlements 
on  the  coasts  of  the  gigantic  lakes  Ontario, 
Erie,  Michigan,  and  others;  and  on  the 
eastern  rivers,  the  Hudson,  the  Delaware, 
and  the  Susquehanna.  It  was,  therefore, 
to  the  construction  of  steamboats  suita- 
ble to  such  internal  navigation  that 
American  genius  was  directed;  and  in 
tills  it  has  been  eminently  successful 
above  every  other  country  in  the  world. 
Our  river  steamers  are,  in  general, 
long,  narrow  boats  with  a  small  draught 
of  water,  supporting  a  platform  or  deck 
of  vast  maj/nitudo  projecting  on  either 
side  considerably  beyond  the  limits  of 
the  boat  on  which  it  rests.  The  paddle 
wheels  are  large,  and  are  impelled  by 
sinirlc  or  double  engines  placed  with  their 
boilers  and  machinery  ahfjve  the  deci:  The 
eniriues  are  almost  universally  non-con- 
dcMisiug  higli-prcssure  engines,  and 
many  of  them  are  worked  expansively. 
The  fuel  is  generally  wood  ;  but  in  many 
casoH,  especially  in  the  eastern  vessels, 
co:il.  Owing  to  the  form  of  the  boats, 
and  the  smooth  water  in  which  they 
work,  a  much  greater  avemjc  speed  has 
been  obtained  than  in  the  soa-ijoing 
steamers  of  Europe.  On  the  Hudson, 
between  New-York  and  Albany,  where 
steam  navigation  first  coinineneed,  are 
the  faPtost  steamers  in  the  United  States  ; 
and  it  is  probable  that  if  the  average  speed 


of  these  vessels,  taken  in  all  circumstan- 
ces of  weather  and  tide,  be  stated  at  18 
or  20  geographical  miles  an  hour,  it  it» 
not  overrated ;  and  in  one  instance  lately 
(the  Reindeer),  the  passage  between  the 
two  cities  was  made  at  the  rate  of  24  miles 
per  hour. 

The  Mississippi  is  navigated  by  many 
hundred  steamers  of  very  large  tonnage. 
This  steam  traffic  is  carried  on  through  a 
distance  of  nearly  2000  miles  from  the 
mouth  at  New  Orleans.  The  towns  of 
Natohez,  Cincinnati,  Ix)uiBville,  Pitts- 
burgh, and  numerous  others,  maintain, 
by  tnis  means,  an  easy  and  oonstant  in- 
tercourse with  the  capital  of  the  Southern 
States. 

The  steamers  of  the  Mississippi  vary  in 
magnitude  from  100  to  above  1000  tons, 
and,  unlike  the  light  mould  of  the  Hudson 
steumera,  they  are  heavily  built,  so  as  to 
give  them  abundant  tonnage  for  goods. 
They  are  built  with  a  flat  bottom,  with  a 
draught  of  fVom  6  to  8  feet  of  water.  A 
deck  is  supported  by  the  hull  at  about  5 
feet  above  tne  level  of  the  water,  and  the 
space  in  the  hull  under  this  deck  is  ap- 
propriated to  the  cargo.  The  whole  of 
the  steam  machinery  is  placed  on  this 
deck,  the  engine  standing  in  the  middle 
of  the  vessel,  and  the  boilers  and  fur- 
naces towards  the  bow. 

The  engines  are  constructed  with  very 
small  cylinders,  worked  with  steam  of 
preat  pressure.  The  diameter  of  the  cyl- 
inder IS  often  under  18  inches,  while  the 
length  of  stroke  is  from  5  to  6  feet.  The 
safety-valve  is  usually  loaded  with  100  lbs. 
per  square  inch,  which,  at  the  discretion 
of  the  captain,  is  sometimes  increased  to 
150  lbs.  Some  of  the  large  boats  on  the 
Mississippi  are  equal  in  magnitude  to 
those  on  the  Hudson,  having  a  length  of 
260  feet,  and  a  breadth  of  beam  of  80  feet. 
With  this  great  magnitude  of  deck  and  a 
capacity  of  not  less  than  1000  tons,  they 
do  not  draw  above  S  feet  of  water. 

The  dimensions  of  the  steamers  which 
ply  on  the  Hudson  are  jfenerally  as  follows : 
The  length  of  deck  from  150 'to  8oo  feet ; 
the  breadth  of  beam  from  20  to  36  feet ; 
and  the  depth  of  the  hold  from  8  to  10 
feet.  Tlicy  are  generally,  but  not  always, 
worked  bv  a  double  engine;  the  lenifth 
of  stroke  IS  never  less  than  8  feet,  but  the 
most  common  length  is  10  feet;  the  di- 
ameter of  the  piston  varies  from  40  to  66 
inches,  and  the  diameter  of  the  paddle- 
wheels  from  20  to  2.'»  leot ;  the  breadth 
or  mther  the  thickness  (»f  the  wheel,  va- 
ries from  12  to  14  feet,  giving  a  great  ex- 
tent   of  surface   to    the    paddle-boards. 
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draxigbt  of  water  of  these  boats  varies 
from  4  to  6  feet ;  the  steam  is  generally 
worked  expaiwively,  being  cut  off  at  huff 
the  stroke,  and  otlen  sooner ;  the  wheels 
are  i^aid  to  make  ou  an  average  from  25 
to  80  revolutions  per  minute. 

The  progress  which  steam  navigation 
has  made  upon  our  lakes  and  western 
rivers  is  almost  incredible.  But  a  few 
years  past,  and  all  the  trade  of  the  Wil- 
derness of  the  West  was  carried  down 
the  inland  waters  by  lumber  boats  and 
vessels  of  small  draught  and  tonnage. 

In  1811,  the  first  steamboat,  the  Orleans^ 
was  launched  at  Pittsburgh,  on  the  Ohio. 

In  1818,  the  Walk  in  the  W'iiter  appear- 
ed upon  Lake  Erie;  and  in  1819,  she 
floated  over  Lake  Huron. 

In  1826,  the  first  steamer  was  seen  at 
Lake  Michigan ;  and 

In  1882,  a  steamboat  first  touched  at 
Chicago. 

At  the  present  time  the  vessels  on  the 
Mississippi,  the  Ohio,  and  their  tribu- 
taries, are  over  600,  with  a  tonnsfre  of 
140,000  tons,  a  larger  amount  than  is  at 
present  engaged  in  the  coast  trade  of  Eng- 
land, lu  1849,  the  United  States  Sen- 
ate printed  a  document,  which  estimates 
the  commerce  of  the  Western  rivers  at 
$256,288,840  for  that  year.  The  com- 
merce of  the  lakes  is  now  equal  to  nearly 
$200,000,000,  the  amount  ot  which,  is  in 
a  groat  degree  owing  to  the  existence  of 
steam  navigation. 

There  were  built  in  1850,  161  steam 
vessels,  and  employed  in  trade  in  the 
United  States,  whicli  are  thus  distributed 
in  the  various  states  : — Maine,  6;  Massa- 
chusetts, 2 ;  Vermont,  1 :  Connecticut,  1 ; 
Rhode  Island,  1 ;  New- York,  32 ;  New- 
Jersey,  8;  Pennsylvania,  81;  Delaware, 
1|  Maryland,  4  J  Virginia,  5;  North  Car- 
ohna,  5 ;  Georgia,  8 ;  Louisiana,  4 ;  Ken- 
tucky, 84  J  Missouri,  5 ;  Illinois,  1 ;  Ohio, 
16;  Michigan,  3*  Texas,  1;  Oregon,  2. 
Total  161.  Which  does  not  include  those 
in  the  California  trade,  nor  those  lately 
put  on  Lake  Nicaragua. 

The  subjoined  chronological  outline  of 
the  progress  of  steam  will  prove  interest- 
ing:— 

1668.  The  Marqnls  VVo'cest^r  gave  the  first  no- 
tion of  a  stoam-t*n<rine. 

1710.  Newcomen  (a  barber)  made  the  first  en- 
pine. 

17iS.  Savary  first  appliod  it 

1786.  Steam  naviifallon  wjis  first  pro^>o.«o(l. 

1764.  Watt  made  the  flrbt  perfect  Lnglish  en- 
pine. 

1778.  T.  Paine  proposed  tt)  apply  it  to  America. 

17S1.  The  Marquis  J<»frruy  eoostructed  a  Bteam- 
vea&el  on  the  lliver  Saooe. 


1782.  Brnnwy  prapelled  a  bosft  by 

New-York. 

1787.  John  Fitch  navigated  a  boat  on  the  Dela- 
ware. 

1789.  William  Symington  voTajped  on  the  Clyde 
In  a  steam  vessel.    1802.  fhia  was  repeated. 

1798.  Oliver  Evans,  of  Philadelphia,  cocstTuct- 
ed  a  locomotive  to  travel  on  turnpike  roada. 

1807.  Fnlton  made  the  first  steam  voyage  from 
New- York  to  Albany  at  the  rate  of  five  miles 
per.hoor  in  the  Clermont 

1819.  The  Savannah  steamer  crossed  IWhs 
New-York  to  Liverpool,  and  thence  to  Rossia. 

188&  April  4th.  The  SiHu»  left  Cork  for  New- 
York,  arrived  April  i8d,  steaming  161  milea 
•  day. 

1888.  April  8th.  The  GreatWaitm  left  Bristol 
for  New- York,  arrived  April  S8d,  steaming 
208  miles  a  day. 

There  are  now  (1851)  regular  linea  of 
steamships  established  between  New- 
York,  Boston,  and  Philadelphia,  on  this 
side,  and  Liverpool^  Soathanipton,  Ha- 
vre, and  Bremen,  in  Europe.  Up  to 
1888,  the  carriage  of  the  mails,  as  well  as 
of  freight  and  passengers,  between  this 
conntry  and  Enrope,  was  almost  wholly 
confined  to  the  New- York  sailing-pack- 
ets. From  1840  to  1850,  the  mails,  and 
a  large  portion  of  the  passengers,  were 
monopolized  by  the  English  (Cunard) 
steamers.  Steamships  of  other  Enelish 
companies  were  partially  successful  in 
this  trade,  but  had  all  oeen  withdrawn 
in  1850,  when  the  American  "Collins' 
line"  of  steamships,  with  the  U.  S.  gov- 
ernment contracts  for  carrying  the  mails, 
commenced  running  fh)m  I«ew-York  to 
Liverpool.  The  ships  of  this  line  are 
larger  than  those  of^the  Cunard  Com- 
pany, and  have  proved  themselves  among 
the  fastest  ocean  steamers  afloat — two  of 
them,  the  Baltic  and  Pacific,  having 
crossed  the  Atlantic  in  9  days  and  13  to 
20  hours.  The  dimensions  of  three  of 
these  vessels  are  as  follow : 


Atlantir. 


Length  on  fleck .,, 

llreailih  of  beam.. 

Depth  of  hnld 

Tonnage  (Cust.  H.) 

(Carpen 

ler'p) 

Loail  draft 

Diameter  of  cylinder 

I.encth  of  stroke  . . . 

Nominal  hora«  pow- 
er of  both  eni.'ine» 

Dinmeier  of  paddle- 
wheels  

T.eneih  o(  paildlei.. 

Immersed    midship 
section 


285 
45| 
32 
2,771 

3,W0 
20 

95  in. 
9  ft. 

800 

35  ft, 
121 

725 


PmiIIc. 


FMt. 

2S4 

45 

32 

2,686 

2,900 
20 

96  in 
9  ft. 

800 

36 
Hi 

720 


Baltic. 


F«t. 

2S7 

45 

32 

2,718 

2,920 
•20 

96  in. 
10  ft. 


36 
Hi 

790 
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Tlio  obvioas  p«oaliarity  of  those  ves- 

fiela  ia  tho  absence  of  bowsprit  and  jib- 
boom.  The  co^it  of  the  Paciiic  is  estima- 
ted at  $575,000. 

It  is  likely  that,  as  far  as  the  purposes 
of  cominerceare  conoemed,  the  use  of  the 
tcrew propeller  will  bo  yet  generally  adopt- 
edf  and  ultimately  supersede  paddle 
ships.  It  has  some  advantages  over  the 
paadle.  The  revolving  screw  was  first 
applied  by  Archimedes  as  a  power  to 
raise  wiiter. 

An  important  application  of  this  form 
of  screw  1ms  been  uuide  within  thcs«c  few 
years  to  steam  navigation.  An  import- 
ant use  to  which  screw  prof>cllers  nave 
al.-*o  been  advantageoiii«Iy  applied  is  as  an 
auxiliury  power  for  occaf»ionHl  une  during 
CJilms  ana  contrary  wind*  for  sailing  ves- 
seU.  The  lurj^cst  ncrew  steamer  con- 
structed wo;>  the  Great  BriUiin,  the  bur- 
then 3,000  tons,  and  the  engines  1,000 
iior^e  power.  It  had  a  screw  propeller 
lo4  feet  in  diameter,  with  six  arms 
mounted  in  the  t*tern,  and  capable  of  be- 
inir  turned  with  great  rapidity.  It  was 
fitted  afterwards  with  a  stronper  propel- 
ler, weiffhinff  several  tons,  and  having 
four  arms.  In  April,  18i>o,  the  first  screw 
steamer  started  from  GIr  sjrow  to  New- 
York.  An  American  Company  Hro  bnild- 
ine  them  for  the  emiifnint  traffic  from 
Liverpool  to  New-York. 

A  screw  with  an  increasing  pitch  is 
generally  prefenible.  By  the  word  pitch 
is  meant  the  distance  between  the  threads 
of  the  screw.  If  the  blades  of  the  propel- 
ler arc  bent  so  as  to  be  somewhat  hollow, 
this  makes  it  of  an  increasing  pitch.  The 
advant4i<;e  of  this  shape  is  that  each  in- 
creasing portion  of  the  screw  overtakes 
tlio  diKturbcd  water,  and  so  becomes 
ert'ective.  VVoodcrotVs  screw,  which  is 
of  this  kind,  wiu*  placed  in  the  Great 
Hritaiii  bef«»ro  her  la«t  voyajre.  The 
Sjiraii  Sands,  now  coiistinsf  alonjf  the  i'a- 
oifio,  in  the  Ciiliforniu  trade,  of  l,:>Otj  tons, 
has  2  CKcillatini?  enirines,  of  IbO  }ion*e 
j»<»wer,  driving  by  <lireot  action  a  Wood- 
orofVrt  screw  of  4  blades  nnd  14  feet  di- 
ameter. She  reached  New-Vork  fiom  Li- 
ver[.«»ol  in  20  days,  and  returned  in  14  days. 

Commodore  'Skinner,  in  a  lute  rejwrt, 
reomimcMidj*  the  building  of  proiK'llera 
by  this  government,  and  the  French  board 
have,  is?* lied  a  similar  recommendation. 

All  the  new  c<»asling  vessels  now  being 
biiilt  in  Knjrland,  are  pntpellers;  and  so 
many  improvements  have  l)een  n»ade  that 
tiny" are  now  jilmost  eipiMl  to  the  paddle 
st»!:imers.     The  city  of  Philadelphia  ap- 


pears to  be  the  great  Amerioan  port  for 
building  propellers. 

A  great  feat  was  performed  not  loDgf 
ago  bv  a  propeller  built  on  the  Clyde. 
The  Admira],  a  paddle  steamer  of  700 
tons  and  800  hon»e  power  engines,  left 
Greenock  for  Liverpool,  and  was  followed 
shortly  after  by  the  A  mo,  a  screw  pro- 

Seller  of  750  tons  and  150  horse  power, 
esigned  and  built  by  Messrs.  W6od  ana 
Beid,  at  Port  Glasgow,  and  intended  for 
the  Mediterranean  traae.  The  Admiral 
had  a  start  of  from  two  to  three  miles, 
and  during  the  passage  down  the  Clyde 
gained  a  little  on  her  adversary,  owing  to 
a  strong  head-wind  which  prevailed.  On 
getting  into  more  open  water,  under  a  lit- 
Ue  alteration  of  the  course  of  each  vessel, 
the  more  ample  spread  of  canvass  by  the 
screw  boat  told  trreatly  on  her  speed  and 
she  gained  considerably  on  the  Admiral, 
and  both  went  into  Liverpool  together. 
The  Arno^s  engines  attained  a  speed  of 
GO  revolutions  per  minute.  She  carried 
600  tons  of  coal,  and  the  average  speed 
was  14  miles  ner  honr. 

STEAM    THRASHING    MACHINE. 
Hitherto  low  pressure  engines  only  have 
been  applie<l  to  the  thrashing  machine; 
but  Mr.  Burstall  has  been  lately  engaged  in 
introducins:  extensively  the  high  pressure: 
1st.  Such  engines  are  considerably  cheap- 
er in  the  original  cost;  2d.  they  do  not 
require  more  than  1-1 2th  or  20th  of  the 
water   which   a   condensing   engine   re- 
quires;   and,  8d.  a  knowledge  of  their 
management    is    more   easily    acquired. 
They  are  thus  rendered  more  fit  for  farm 
labor,  and,  when  properly  made,  are  as 
safe  as  atmospheric  engines. 
STEAM-ENGINE    PLOUGHS    have 
i  been  indented  and  are  extensively  used 
i  in   England,    and    in    the  Lowlands  of 
;  Scotland,  where  labor  saving  machines 
,  are  imperative. 

STEAM-GAUGE.  An  instrument  for 
indicating  the  pressure  within  a  steam- 
boiler,  by  means  of  a  bent  tube  partially 
filled  with  mercury,  one  end  or  which 
springs  from  the  Iwiler,  while  the  other 
is  exposed  to  the  air ;  so  that  the  steam, 
by  its  pressure,  raises  the  mercury  in 
the  straight  limb  of  the  tube  to  a  heierhl 
above  the  common  level,  proportioned  to 
that  pressure.  An  iron  float  and  index 
are  usually  added  for  the  convenience  of 
observation. 
STEAM-GOVERNOR.    (.S^tf  Go- 

VKRXOK.) 

STEAIC-C;UN,    or    Sf^am     G^^n^rator, 
Perkin's  Slcum  Generator  consists  of  a 
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STEARIC  ACll).  improperly  ttiil,-,! 
Steaum:.  is  the  solid  constituent  of  r'aiiv 
'  .a»,>es,  as  of  tallow  and  oli<e  .'il, 
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|.r<-i-ess,  fnts  an?  convertible  Inio 
'  aeiils.  i-alleil  Steiirie,  Unnraric.  ind 
:  lliu  llrsi  two  beinff  solid,  and  the 
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50  parts  of  oold  water,  and  sot  the  whole 
into  a  place  whose  temperature  is  about 
52°  Fahrenheit.  A  Hubntance  fulls  to  the 
bottom,  possessed  of  pearly  lustre,  con- 
sist! uir  of  the  bi-st«arate  and  bi-marga- 
rute  of  potash ;  whicli  is  to  be  drained 
and  washed  upon  a  filter.  The  filtered 
liquor  is  to  be  evaporated,  and  mixed 
with  the  small  quantity  of  acid  necessary 
to  saturate  the  alkali  let\  free  by  the  pre- 
cipitation of  the  above  bi-siJts.  On  ad- 
ding water  to  it  afterwards,  the  liquor 
affords  a  fresh  quantity  of  bi-stearate 
and  bi-marjfaratc.  By'  repeating  this 
operation  with  precaution,  we  flnwly  ar- 
rive at  a  point  when  the  solution  con- 
tains no  more  of  these  solid  acids,  but 
only  the  oleic.  The  precipitated  bi -salts 
are  to  be  washed  and  dissolved  in  hot  al- 
cohol, of  specific  firravitv  OS'iO,  of  which 
they  require  about  24  times  their  weight. 
During  the  cooling  of  the  solution,  the 
bi-stearate  falls  down,  while  the  greater 
part  of  the  bi-margarate,  and  the  re- 
mainder of  the  oleate,  remain  dissolved. 
By  once  more  dissolving  in  alcohol,  and 
crystallizing,  the  bi-stoarate  will  be  ob- 
tained alone  ;  as  may  be  proved  by  de- 
composing a  little  of  it  m  water  at  a 
boiling  heat,  with  muriatic  acid,  letting 
it  cool,  washing  the  stearic  acid  obtained, 
and  exposing  it  to  heat,  when,  if  pure,  it 
will  not  fuse  in  water  under  the  158th 
dejrree  of  Fahrenheit's  scale.  If  it  melts 
at  a  lower  heat,  it  contains  more  or  less 
margaric  acid.  The  purified  bi-stearat« 
being  decomposed  by  boiling  in  water 
along  with  any  acid,  as  the  muriatic,  the 
discnirajrod  stearic  acid  is  to  be  washed 
by  melting  in  water,  then  cooled  and 
dried. 

Stearic  acid,  prepared  by  the  above 
process,  contains  combined  water,  from 
whicii  it  cannot  bo  freed.  It  is  insipid 
and  inodorous.  After  l>eing  melted  by 
heat,  it  solidifies  at  tlio  temperature  of 
l.')^o  Fahrenheit,  an'l  atfects  the  form  of 
white  brilliant  needles  grouped  together. 
It  is  insoluble  in  water,  but  dissolves  in 
all  proportions  in  boiling  anhydrous  al- 
cohol, imd  on  cooling  to  122°,  crystallizes 
therefrom  in  pearly  plates ;  but  if  the 
ooiK.vMtnited  solution  be  quickly  cooled 
to  112°,  it  tbrm-*  a  crystalline  mass.  A 
dilute  solution  iitTor.ls  the  acid  cn'stul- 
lized  in  hiTxo  white  brillinnt  ?cak's.  It 
di'>*oivos  in  its  own  weiirht  of  boiling  , 
ctlior  of  0-727,  and  orvstallizos  on  eoolintf  1 
in  i)e;ui'it'ul  scales  of  clianiring  colors.  It 
distils  over  in-  r</c«o  without  alteration ; 
but  if  the  retort  contnins  a  little  atmos- 
pheric air,  a  small  p<:»rliou  of  the  acid  is 


decomposed  during  the  distillation ;  while 

the  greater  part  piwaes  over  unchanged, 
but  slightly  tinged  brown,  and  mi.Ked 
with  traces  of  empyreumatic  oil.  When 
heated  in  the  open  air,  and  kindled, 
stearic  acid  burns  like  wax.  It  conUiiun 
8-4  per  cent  of  water^  from  which  it  may 
be  treed  by  combining  it  with  oxide  of 
lead.  When  this  anhydrous  acid  is  sub- 
jected to  ultimate  analysis,  it  is  found  to 
consist  of— 80  of  carbon,  12-5  hydrogen, 
and  7-5  oxygon,  in  100  parts.  Stearic 
acid  displaces,  at  a  boiling  heat  in  water, 
carbonic  acid  from  its  combinations  with 
the  bases ;  but  in  operating  upon  an  al' 
koline  carbonate,  a  portion  of  tlie  stearic 
acid  is  dissolved  in  the  liquor  before  the 
carbonic  acid  is  expelled.  This  decom- 
position is  founded  upon  the  principle, 
that  the  stearic  licid  transforms  the  salt 
into  a  bicarbonate,  which  is  decomposed 
by  the  ebullition. 

Stearine  is  made,  in  this  country,  al- 
most exclusively  from  lard,  which  fur 
nishes  about  two-sevenths  of  its  weight ; 
the  remaining  five-sevenths  being  maua- 
facturod  into  lard  oil. 

Lime  is  the  material  n.sed  to  saponify 
stearine,  according  to  the  old  patent  pro- 
cess of  G»y  Lussac,  the  celebrated  French 
chei.iist ;  the  process  being  effected  by 
several  hours'  ooiling,  and  the  decompo- 
sition of  the  lime-soap  is  then  effected 
by  sulphuric  acid. 

The  cakes  of  crude  stearine — about 
5,000  lbs.  at  a  time — are  then  melted  and 
saponified;  the  lime-soap  decomposed; 
the  stearine  acid  washed  and  east  into 
slabs  or  cakes  of  one  by  two  feet  in  di- 
mensions, and  two  inches  thick.  These 
are  then  pressed,  cold,  in  powerful  hy- 
draulic presses,  which  squeezes  out  a 
portion  of  oleine — the  red  oil  of  com- 
merce. They  are  pressed  a  second  time 
in  the  hot  presses,  which  are  still  more 
powerful  than  the  others.  They  are  af- 
terwards steamed,  drawn  oflF  into  pans 
while  hot,  and  bleached,  strained  through 
cloths  into  tin  pans,  and  when  it  cools, 
forms  blocks  ot  a  beautiful  white  wax 
appearance. 

STEATITE  (Soapotone)  is  a  mineral 
of  the  magnesian  family.  It  has  a  gray- 
ish-white or  greenish-white  color,  often 
marked  with  dendritic  delineations,  and 
occurs  massive,  as  also  in  vari<»us  suppo- 
sitious ery>taHine  forms  ;  it  }ia>*  a  dull  or 
fatty  lustre  ;  a  coarse  s}»liniGry  fracture, 
witli  translucent  edires;  aslsinintr  slrcj'k  ; 
it  writes  feebly  ;  is  soft,  and  easily  cut 
with  a  knife,  but  somewhat  touirh  ;  does 
not  adhere  to  th.e   tongue ;    feels   very 
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^reasv ;  infusible  before  the  blow-pipe ; 
specific  gravity  from  2*6  to  2-8.    It  eou- 
BistH  of— «ilica,  44  ;    magnesia,  44 ;  alu- 
mina,  2;    iron,  7'3;    manganese,    1*5; 
chrome,  2  ;   with  a  trace  ot  lime.    It  is 
found  frequently  in  small  contempora- 
neons  veins  that  traverse  serpentine  in 
all   directions,  as  in  Shetland,    in    the 
limestone  of  Icolmkiln,  in  the  serpentine 
of  Cornwall,  in  Anglesey,  in  Saxony,  B:i- 
varia,  Hungary,  at  Hobokcn.  N.  J.,  and 
in  Vermont.    It  is  used  in  the  manufac- 
ture of  porcelain.     It  makes  the  biscuit 
semi-transparent,  but  rather  brittle,  and 
apt  to  cracK  with  slight  changes  of  lieat. 
It  is  employed  for  polishing  serpentine, 
marble,  gypseous  alabaster,  ana  mirror 
glass  ;  as  the  basis  of  cosmetic  powders  ; 
as  an  ingredient  in  anti-attrition  pastes  ; 
it  is  dusted  in  powder  upon  the  inside  of 
boots,  to  make  the  feet  glide  easily  into 
them:   when  rubbed  upon  greiisc-spots 
in  silk  and  woollen  clothes,  it  removes 
the  stains  by  absorption ;    it  enters  into 
the  composition  of  certuin  crayons,  and  is 
used  itself  for  making  traces  up(»n  glass, 
silk,   slabs   for   the   sides   and    back    of 
stores,   <fec.      The   spotted   steatite,    cut 
into   cameos   and   calcined,   assumes  an 
onyx  aspect.     Soft  stcntite  forms  excel- 
lent stoppers  for  the  cliemicjil  apparatus 
used  in  uistilling  or  suhlimini]:  corrosive 
vapors.     Lamellar  steatite  is  Talc. 

STEEL.  Tliis  mo-t  u>eful  and  curious 
substance  is  a  coiiipoiind  of  iron  and  car- 
bon :  their  relative  proportions  vary  in 
steel  of  dilferent  qualities;  but  in  that 
used  for  ordinary  purposes,  the  Ciirbon 
rarely  exceeds  2  per  cent.,  and  is  gene- 
rally below  it.  Certain  kinds  ot'  iron  arc 
preterrcd  to  others  in  this  niainit;iotme  ; 
out  this  relates  entirely  to  its  purity, 
which  is  the  essential  requisite,  ^teel  is 
niaile  by  a  process  called  cemfttt^itU/n^ 
wliieh  consists  in  tiHiuL'"  a  proper  luniaoe 
with  alternate  strata  ot'  bars  ot  the  purest 
malleable  iron  and  powdered  charcoal  : 
atmospheric  air  is  carefully  excluded  I'rom 
the  boxes  eontainins  the  bars,  and  the 
wliole  kept  for  several  days  at  a  red 
heat.  I\v  this  process  carbon,  probably 
in  the  state  ot  vapor,  penetrates,  and 
combines  in  liie  above  small  relative  pro- 
portion with  the  iron,  tiu^  texture  of 
which,  originally  fi1>rous,  become-*  oviin- 
ul(it\  Hud  its  surface  uc<iuire«i  a  hli.^fjKil 
character.  The  iiiallcahiiity  ofstcel  tiills 
ffiT  short  of  that  ot' in>n  ;  but  it  is  hinder, 
and  more  sonorous  ;uid  elastic,  and  sus- 
cejitible  <.tf  a  hii^her  polish,  and  has  less 
tendency  to  ru->t.  At  a  red  heat  it  ad- 
mits of  liummcring  into  various  forms, 


And  of  beinff  weldfd  or  united  by  the 
blows  of  the  nammer  to  another  piece  of 
steel  or  iron.    Blistered  steel,  rolled  or 
beaten  down  into  bars,  forms  tkoir  Htel ; 
and  if  melted,  cast  into  ingots,  and  again 
rolled  out  into  bars,  it  forma  caM  *U^ 
which,    when   well    prepared,    haa    the 
great  recommendation  or  perfect  unifor- 
mity of  texture,  and  a  finer  and  doaer 
grain.     The  peculiarity  of  steel,    upon 
which  its  high  value  in  the  arts  in  great 
measure  depends,  is  its  property  of  he- 
coming,  by  sndden  quenching  in  water, 
when  at  a  bright  red   heat,  extremely 
hard^  and  of  being  again  tofUntd  down 
to  any  requisite  degree  by  the  application 
of  a  certain  temperature,  which  may  be 
indicated  by  a  thermometer,  commencing 
at  about  800 '^,  and  tenninating  at  a  duQ 
red  heat.     This  process  is  often  called 
Umperin^ ;  and  tne  workman  is  some- 
times gmded  in  the  extent  to  which  it  ia 
carried  by  the  color  of  the  polished  sur- 
face of  the  heated  steel,  which  is  at  first 
rendered  by  a  pale  straw  tint,  then  yel- 
low, brownish,  purple,  and  blue,  ns'the 
tempeniturc  rises  from  one  extreme  to 
the  other.     The  latter  color  indicates  ex- 
treme softness  and  elasticity,  such  as  be- 
longs   to    watch-springs,    some    sword- 
blades,  &c. ;  pale  straw  indicates  great 
hardness,  as  tor  razor  blades;  yellow  ia 
somewhat  sotter,  and  shows  a  fit  lempei 
for  penknives;  and  the  incipient  blues 
announce  the  temper  that    oelongs    to 
coarser  cutting  instruments,  and  to  table 
knives,    any   of   which,   made   of   hard 
steel,  would  soon  get  spoiled  and  notch-    . 
ed.   but  the  edges  of  which,  when  duly 
tempered,   resist    breaking  on   the   one 
hand,  and  bending  on  the  other.     When 
a  larirc   mass   of  steel  is  hardened   by 
•  jnenching  in  water,  it  undergoes  a  cer- 
tain dcirree  of  expansion,  so  that  the  spe- 
citie  trravity  of  nard  steel  is  somewtiat 
less  than  that  of  soft.     It  has  been  at- 
tetnpted  to  improve  The  quality  of  steei 
tor  <'crtain  purposes  by  adding  to  it  a 
small  portion  ot  other  metals :  hence  the 
term  K'ditr  stud,  &c. ;  but  none  of  these 
alloys  have  on  the  whole  proved  superior 
to  well  made  common  steel.     There  is  a 
kind  of  steel  imi>orted  from  India,  known 
under  the  name  of  irootZy  the  cutting  in- 
strunients  of  which  are  celebrated  for  the 
tou>;hness  and  durability  of  their  edire. 
It   appears  probable  that  its  pceuliarilies 
depend  upon  tiic  presence  of  a  little  alu- 
niintnn.      When    the    surface   of   some 
kinds   of  steel   is   washed   over  with    a 
weak  acid,  it  acquires  a  peculiar  mottled 
or  (/nf/ni((lfd  appearance,  as  if  itB  texture 
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conniflted  of  an  mtimate  mixtare  of  two 
different  kinds  of  steel,  or  of  line  fibres 
of  Ateel  And  iron.  Steel,  alloyed  with  a 
little  nickel,  often  puis  on  this  appear- 
ance ;  but  these  and  some  otiier  imita- 
tions of  the  celebrated  iMimascus  sword- 
bladcA  have  not  led  to  any  important  im- 
provements in  the  manufacture  of  our 
cutting  instruments. 

The  Shear  steel,  which  derives  its  name 

from  the  accidental  circumstance  of  the 

shears  for  dressinfif  woollen  cloth  being 

usually  forged  from  it,  is  made  by  biud- 

^ing  into  a  bundle,  with  a  slender  steel 

*rod,  four  parallel  bars  of  blistered  steel, 

freviously  oroken  into  lentrths  of  about 
8  inches,  including  a  fif^h  of  double 
length,  whose  projecting  end  may  serve 
as  H  handle.  Tnis  fuggot,  as  it  is  called, 
is  then  heated  in  the  forge-hearth  to  a 
good  welding-heat,  being  sprinkled  over 
with  sand  to  form  a  protecting  film  of 
iron  slag,  carried  forthwith  to  the  tilt, 
and  notched  down  on  both  sides  to  unite 
all  the  bars  together,  and  close  up  every 
internal  flaw  or  fissure.  The  mass  being 
again  hetitcd,  and  the  binding  rings 
knocked  off,  it  is  drawn  out  into  a  uni- 
form rod  of  the  size  required.  Manufac- 
turers of  cutlery  are  in  the  habit  of  pur- 
chasing the  blistered  bars  at  the  conver- 
sion furnaces,  and  sending  them  to  tilt 
mills  to  have  them  drawn  out  to  the  ]>ro- 
per  size,  which  is  done  at  regular  prices 
to  the  trade :  from  5  to  8  per  cent,  dis- 
count being  allowed  on  the  rude  bars  for 
waste  in  the  tilting.  The  metal  is  ren- 
dered so  compact  by  the  welding  and 
hunimering,  as  to  become  susceptible  of 
a  mncli  finer  polish  than  blistered  steel 
can  take ;  while  the  uniformity  of  its 
body,  tenacity,  and  malleabilitv,  are  at 
the  same  time  much  increased  ;  by  which 
properties  it  becomes  well  adapted  for 
mak  i  ng  table  knives  and  powerful  springs, 
sucli  as  those  of  gun-locks.  The  steel  is 
also  softened  down  by  this  process,  pro- 
bably from  the  expulsion  ot  a  portion  of 
its  carbon  durintr  the  welding  and  subse- 
quent heats  ;  and  if  these  be  frequently 
or  awkwanlly  opplied,  it  may  paas  back 
into  common  iron. 

(^uMt  uttd  is  made  by  melting,  in  the 
best  fire-clay  crncibles,  blistered  steel, 
broken  down  into  small  pieces  of  conve- 
nient si/o  tor  packing  ;  ond  as  some  car- 
bon is  always  dissipated  in  the  fusion,  a 
soincwimt  highly  converted  steel  is  used 
for  tills  purpose.  The  furnace  is  asouaro 
pri.'-inatic  envity,  lined  with  fire-bricks, 
12  inches  in  each  side,  and  24  deep,  with 
a  fiue  immediately  under  the  cover,  Zk 


inches  by  6,  for  conducting  the  smoke 
into  an  adjoining  chinmey  of  considera- 
ble height.  In  some  establishments  a 
dozen  such  furnaces  are  constructed  in 
one  or  two  ranges,  their  tops  being  on  a 
level  with  the  floor  of  the  laboratory,  as 
in  brass  foundries,  for  enabling  the  work- 
men more  conveniently  to  inspect,  and 
lift  out,  the  crucibles  with  tongs.  The 
ash-pits  terminate  in  a  subterraneous 
passage,  which  supplies  the  grate  with  a 
current  of  cool  air,  and  serves  for  emp- 
tying out  the  ashes.  The  crucible  stands, 
oV  course,  on  a  sole-piece  of  baked  fire- 
clay; and  its  month  is  closed  with  a 
well-fitted  lid.  Sometimes  a  little  bottle- 
glass,  or  blast-furnace  slag,  is  put  into 
the  crucible,  above  the  steel-pieces,  to 
fonn  a  vitreous  coating,  that  may  tho- 
roughly exclude  t^v  air  from  oxidizing 
the  metal.  The  fuel  employed  in  the 
cjiftt-steel  furnace  is  a  dense'  coke,  oril- 
liant  and  sonorous,  broken  into  pieces 
about  the  size  of  an  egg,  one  good  cnarge 
of  which  is  sufficient.  The  tongs  are 
furnished  at  the  fire  end  with  a  pair  of 
concave  jaws,  for  embracing  the  curva- 
ture of  the  cnicible,  and  lifting  it  out 
whenever  the  fusion  is  complete.  The 
lid  is  then  removed,  the  slag  or  scorisB 
cleared  awoy,  and  the  liquid  metal  pour- 
ed into  cast-iron  octagonal  or  rectangular 
moulds,  during  which  it  throws  out  bril- 
liant scintillations. 

Cast  steel  works  much  harder  under 
the  hammer  than  shear-steel,  and  will 
not,  in  its  usual  state,  bear  much  more 
than  a cherrj-red  heat  without  becoming 
brittle  ;  nor  can  it  bear  the  fatigue  inci- 
dent to  the  welding  operation.  It  may, 
however,  be  firmly  welded  to  iron,  through 
the  intervention  of  a  thin  fihn  of  vitreous 
boracic  acid,  at  a  moderate  degree  of  ig- 
nition. Cast  steel,  indeed,  made  from  a 
less  carburetted  bar  steel,  would  be  sus- 
ceptible of  welding  and  hammering  at  a 
higher  temperature  ;  but  it  would  require 
a  verv  high  heat  for  its  preparation  in  the 
crucible. 

Iron  moy  be  very  elegantly  ploted  with 
cast  steel,* by  pouring  the  liquid  metal 
from  the  crucible  into  a  mould  contain- 
ing a  bar  of  iron  polished  on  one  face. 
In  this  circumstance  the  adliesion  is  so 
perfect  as  to  admit  of  the  two  metals 
being  rolled  out  together;  and  in  this 
way  the  chisels  of  planes  and  other  tools 
may  be  niado,  at  a  moderate  rate  and  of 
excellent  quality,  the  cuttinj.'-fdiTC  being 
formed  in  the  stocl  side.  Such  instru- 
ments combine  the  toughness  of  iron 
with  the  hardness  of  steel. 
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hi«li1y  converted  exterior  nC  n  bar  Mill 
the  KOfter  »lcel  of  the  interior,  the  metii 
nquin-B  merely  to  bo  imbcddeil,  *t  s  ce 
monUnK  heHt>  in  oxido  of  iron  or  manga 
uene ;  tne  oxy^n  of  vhicii  hood  dI 
'      ts  the  lnjuriauK  exccsii  of  caFbon,  ~ 
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verted .  

tinueB  steely ;  because  the  decorboniiiug 
adv:mcc«  tai  mure  rapidly  Ihan  tlio  cv- 

To  preserve  Bleel  from  m«t,  Stodurt'» 

luUon  of  Kolil,  or  with  iniitHalo  of  plaliiiL 
■      ■'  ■  - ,   the   brcadtlis  of  pdiulicd 


Steel  heuled  a  liltio  abo> 
neeeBsnry  to  temper  it,  becomes  soil,  by 
thnt  very  operation  of  ttmrcrinir,  ond 
llii*  procesis  for  ncsling  it.  »  niudi  su- 
perior lo  the  ortliiinry  methnils.  Tlie 
process  in  no  way  deterioralos  tlic  steel, 
aii<l  iibri<leeK  tlic  ojienitioii. 

Tlie  »lHl-karJ,iiinf,  aUuded  to  pre- 
viously, ii  a  very  iiii]iortntit  process,  in 
connection  witli  siccl-enBTsvinfr  and  dle- 
diikinir.  The  subject  is  eiitrnived  on 
soft  eost-slecl,  and  then  is  hanlcned  by 
plaeinjr  it  in  a  enst-iron  pot,  snrrounded 
with  niiimsl  charcoal.  It  is  thr  n  exposed 
lo  i]ilcn>e  liciil  of  coke  In  an  ulr-rnrnnce, 
and  sltcrwards  plseed  in  a  veoscl  of  cold 
water,  renewed  by  a  current.  II  is  then 
used  toniskeapunelieon-dlconotbersult 
pteel.  lo  be  bardeni'd,  and  this  is  a  matrix 
for  others,  bv  which  coin  niny  be  stmrk. 

Every  hind  of  iron  is  not  sailed  lo  be- 
conie  steel.  Tlie  imn  wliicli  uii^wers 
best  is  inude  at  Danemom,  in  Sweden, 
and  the  whole  prwlncc  of  tbc  Dancniora 
mines,  amounlin^  to  8000  loiin,  'a  iin- 
pnned  into  BrlUilil>yDijin(rle  hinisp.  and 
the  ecnicntalioD  iaperTormed  at  Shetlield, 
by  Sanderson  &  Co.,  who  exiiort  aleel  lo 
.fl  pans  oflhe  world. 

tur  n  Innij  lime  we  had  lo  import  all 
our  sleel  f>nni  Emcland,  and  Enidaiid  hiid 
to  import  all  her  Iron  ftom  Hwcilen  to 
niahe  lier  steel.  'Wiiliin  lijc  jm^t  venr 
steel  has  been  made  at  Ihe  cst;ibllslinicnt 
of  the  Adirondac  Steel  Works  in  Jersey 
City,  and  althoutrb  these  works  are  roni- 
mrslii'cljin  their  iufuney,  havinc  been 

Brtiilc  prodiiceif  is  preferred,  at  llii'siinic 


The  ore  nacd  is  produced  Ihim  Trrirr 

county,  N.  Y..  at  the  sources  of  the  Hud- 
son, at  an  altitude  of  fi.OOO  feet,  uncuR 
the  Adirondac  Uountaims  and  about  .'•O 
miles  West  <yom  Lake  Chiunplain.  Luvo 
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III.  ![,■>  udupteJueu  to  tliis  purpose 
■JL1  Lbriii Ttniiied  bv  Joseph  DiioD,  Esq-, 
r  .Tr  istv  City,  afier  s  protmcted  seties* 
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MM-  1  r  (iiidirapiti — euj>po»cd  by  English 

nliid    liidistif    to    lie    innnnGiotnre    of 

ly  ].iHi\(-ri'ul  TclVnctory  qiuilitieB  lo  wilh- 
sliiii.l  ilic  heat  of  antliradle  fumama. 
Ir  I],;-'  IM  he  was  snc<.«sfut,  and  bia 
p  t~  :iri'  r.uw  in  usc  in  England uid  el*e- 
wli.r.-  Ui  ihcflrsl  snifsns. 

Ill  tlii'sc.  Ilie  Bleel  is  broken  into  amall 

a  capacity  of  lorty  to  sixty  pounds,  which 
lU^  placed  in  as  many  small  furmicei 
wlioso  tops  are  even  wilh  the  surface  of 
llie  floor.  Ailer  the  lapse  of  two  boun, 
Ibc  tncllcn  eonlcnis  arc  poured  into  in- 
Itot  moulds,  of  variaiig  sizes.  The  steel 
is  then  readily  drawn  out  upon  beiiipt  re- 
heated, under  heavy  hammers,  idIo  ban 
of  any  desired  shspe  orsiic. 

Edec  tools  may  be  made  with  twt  steel 
fliccs  upon  iron  by  fliiiip  a  clean  piece  of 
wroufrlit  iron,  brouphi  to  a  weliiinfr  best, 
in  Ibe  centre  of  n  mould,  and  llicn  pour- 

vetopo  Ibe  iron,  and  tiien  forging  the 
mass  into  snv  sbnpc  reonired. 

STEERING  APPAKATUS.  An  iro- 
provcnient  on  Ihe  steerinir  wheel,  aa 
cotnnioiilv-  used  on  ihipboard.  CapU 
C.  F.  Brown,  of  Warren,  Ehode  Island, 
him  invented  a  new  and  in^cnions  iui- 
provenienl  in  steerinjt  apparulns  for  ves- 
sels, tbr  which  he  has  taken  men>ures 
to  secure  a  patent,  and  which  will,  no 
doubt,  arrest  the  nttetilion  of  nanlieal 
men.  Tbe  head  of  the  rudder  post  is 
niiidc  of  metal,  wilh  a  heticsl  groove  nin- 
ninc  down  on  each  side  of  it :  and  nvcr 
this  is  placed  a  tube  with  two  fealhen 
on  its  inhide.  filling  into  the  said  helical 

iMil^ide  lube  or  nip.  bolted  bv  a  flange 
U<  llie  doik,  and  on  the  lop  U  llie  wheel. 
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into  a  thread  opening  in  the  second  tube, 
and  ns  tlie  wheel  is  turned  this  second 
tube  i«  raised  or  lowered,  and  its  feathers, 
thereby  working  in  tlie  helical  grooves  of 
tlio  head  of  the  rudder  post,  turns  it 
roundward  and  from  one  side  to  the 
other,  thus  operating  the  rudder  and 
steering  the  vessel.  The  steering  wheel 
is  horizontal,  and  th^re  is  an  indicating 
pointer  on  the  post  head,  which,  as  it 
turns,  points  to  an  index,  and  enables 
the  steersman  to  see  every  degree  through 
which  the  rudder  moves.  Of  all  tne 
steering  apparatus  that  we  have  ever  seen, 
this  is  the  most  compact  and  beautiful. 

The  steering  apparatus  on  board  the 
Cunard  steamer  Asia,  which  was  in- 
vented by  Mcssr:*.  Frazer  and  Robinson, 
K.  N.,  differs  from  the  foregoing.  It 
consists  in  the  application  to  the  steering 
wheel  of  a  friction  baud,  similar  to  that 
used  in  cranes,  which  passes  round  a  pro- 
jecting circumference  inside  the  wheel, 
and  is  brought  down  to  a  pedal  on  the 
deck,  by  pressure,  on  which  any  amount 
of  friction  can  be  put  on  the  wheel.  It 
is  not  desirable  that  the  helm  should  ever 
be  at  a  '*  deiul  look,''  without  the  j>ower 
of  yielding  a  little  to  the  shock  of  a  very 
heavy  sea,  as  that  would  endanger  the 
cjirrying  away  the  rudder.  An  adjusting 
screw  is  therefore  provided,  by  which 
the  amount  of  nitimatc  friction  that  can 
be  put  on  the  wheel  if»  reirulntcd,  and  not 
left  in  the  power  of  the  steersman.  A 
great  advantage  of  this  invention  is  the 
power  whicli  it  irives  of  fixing  the  rud- 
der.-' of  Vessels  lying  in  the  tideway  or 
luirl>or,  and  thereby  preventing  the  con- 
tinmil  wear  on  the  pintals  of  the  rudder, 
and  in  time  the  loosening  of  the  stern 
framincr  of  the  vessel. 

STEKLYARD.  A  balatiee  by  which 
the  weights  of  bodies  are  determined  by 
means  of  a  single  standard  weiifht.  lii 
the  Roman  steelyard,  or  HuUra^  the 
lever  was  so  constructed  that  the  centre 
of  gravity  was  brought  immediately  over 
the  point  of  support;  and  the  system  be- 
ing accordingly  balanced  upon  its  fulcrum 
F,  the  etfeet  of  the  weitrnt  of  the  lever 
was  neutralized.  The  lomjer  arm  was 
then  divided  into  parts,  each  equal  to 
tlie  shorter  arm,  ana  those  asrain  equally 
subdivided.  Suppose  now  the  lencrth  of 
the  shorter  arm,  or  the  distance  F  B  to 
be  one  inch,  and  the  constant  wei^jht  P 
to  be  one  pound  ;  then  if  P  be  placed  at 
the  distaiue  of  tive  inches  from  F,  it  will 
m;ike  equilibrium  with  a  load  of  five 
pounds  suspended  from  B;  for,  from  the 
property  oi  the  lever,  when  the  equi- 


librium is  estflblished  the  weight  P  ib  to 
the  load  at  B  as  the  distance  of  B  ft*om  F 
is  to  the  distance  of  P  from  F.  What- 
ever proportion,  therefore,  F  P  has  to 
F  B,  the  same  proportion  has  the  weight 
suspended  from  B  to  the  constant  weight 

Tlie  steelyard  in  common  use  is  con- 
structed somewhat  differently,  the  beam 
being  seldom  made  so  as  to  balance  itself 
on  the  fulcrum  Fj  but  the  error  that 
would  arise  on  this  account  is  compen- 
sated by  beginning  the  divisions  at  that 
point  where  the  weight  P  being  placed, 
the  equilibrium  is  established.  If,  there- 
fore, when  P  is  removed  the  longer  arm 
preponcltiwtes,  the  divisions  commence 
from  a  point  between  F  and  B.  For  the 
purpose  of  increasing  the  range,  there 
are  also  in  general  two  fulcni,  from  either 
of  which  the  beam  may  bo  suspended, 
and  two  corresponding  scales  of  division 
are  marked  on  opposite  sides  of  the  longer 
arm. 

For  weighing  heavy  loads  the  steel- 
yard is  a  convenient  instrument ;  but  for 
smaller  weights*  it  is  susceptible  of  less 
accuracy  than  the  common  balimce.  It 
should  \yo  constructed  so  that  the  point 
of  support  F,  and  the  point  of  suspen- 
sion at  B,  may  be  in  the  same  straight 
line  with  the  divisions  of  the  beam. 

STENCILLING.  Drawinjr  upon  walls 
in  water  colors,  by  means  of  a  plate  of 
metal,  on  which  the  device  is  cut  out :  a 
brush  dij)ped  in  pigment,  and  passed 
over  the  plate,  conveys  the  pigment 
through  the  {perforations,  and  forms  the 
pattern. 

STEREOTYPING.  The  invention  of 
stereotyping  has  usually  been  attributed 
in  Europe  to  W.  Ge(i,  of  Edinburgh, 
about  1780  ;  but  there  is  evidence  on  re- 
cord that  in  1779  Cadwalladcr  Golden,  of 
New-York,  communicated  the  plan  of 
the  art  to  Dr.  Franklin,  then  in  Paris, 
and  the  details  were  by  him  given  to 
Didot,  the  great  printer.  In  1780,  Til- 
losh  and  Foulis  introduced  improve- 
ments :  a  little  later,  various  novelties 
were  added  in  France  under  the  name  of 
polytj'pe.  In  some  of  them  the  form 
was  imitated  by  striking  upon  a  mass  ot 
soft  metal  like  clichee  moulds.  Stereo- 
typing, as  now  practised,  became  fully 
established  in  1800.  (See  '*  IVorld^s 
Profjress,''^  p.  643.) 

Stereotype  printing  signifies  printing 
bv  fixed  types,  or  by  a  cast  typographic 
plate.  This  plate  is  made  as  follows : — 
The  form  composed  in  ordinary  tyi^es, 
and  containing  one,  two,  three,  or  more 
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e8|  inversely  as  the  size  of  the  book, 
fng  laid  flftt  upon  a  slab,  with  the  let- 
ters looking  upwards,  the  faces  of  the 
types  are  brushed  over  with  oil,  or  prefer- 
aoly  with  plumbago  (black  lead).  A  heavy 
iron  reotangnlar  frame,  with  bevelled 
borders,  adapted  exactly  to  the  size  of 
the  pages,  is  then  laid  down  upon  the 
chase,  to  circumscribe  its  typography. 
The  frame  resembles  that  of  a  picture, 
and  serves  to  define  the  area  and  thick- 
ness of  the  cast,  which  is  made  by  pour- 
ing the  pap  of  Paris  plaster  into  its  in- 
terior space,  up  to  a  given  line  on  its 
edges.  The  plaster  mould,  which  soon 
sets,  or  becomes  concrete,  is  lifted  gently 
off  the  types  by  the  untwisting  of  a 
screw  at  each  comer,  and  immediately 
placed  horizontally  on  shelves  in  an  oven 
heated  to  400°,  when  they  become  per- 
fectly dry  in  two  hours.  As  they  are 
now  friable  and  porous,  they  require  to 
be  delicately  handled.  Each  mould,  con- 
taining generally  two  pages  octavo,  is 
laid,  with  the  impression  downwards, 
upon  a  flat  cast-iron  plate,  called  the  float- 
ing-plate ;  this  plate  being  itself  laid  on 
the  bottom  of  the  dipping-pan,  which  is 
a  cast-iron  square  tray,  with  its  upright 
edges  sloping  outwards.  A  cast-iron  lid 
is  appliea  to  the  dipping-pan,  which  has 
its  corners  cut  on  to  allow  the  meltod 
metal  to  flow  in,  and  is  then  Beenred  in 
its  place.  The  pan  having  been  hcnted 
to  400O,  by  resting  on  the  melted  rnetjil, 
previous  to  receiving  the  liot  mould,  is 
ready  to  be  plunged  into  the  bnth  of 
melted  alloy  contained  in  an  iron  pot 
placed  over  a  fiirnnce,  and  it  is  dip])ed 
with  a  slight  deviation  from  the  horizon- 
tal plane,  in  order  to  facilitate  the  escape 
of  the  air.  As  there  is  a  minute  space 
between  the  back  or  top  surface  of  the 
mould  and  the  lid  of  the  dipping-pan, 
the  liquid  metal,  on  entering  into  the 

San  through  the  orifices  in  its  corners, 
oats  up  the  plaster  along  with  the  iron 
plate  on  which  it  had  been  laid,  thence 
called  the  floating-plate,  whereby  it  flows 
freely  into    every   line    of  the*  mould, 
through  notches  cut  in   its  edee,   and  | 
forms  a  layer  or  lamina  upon  its  face,  of  i 
a  thickness  correspond! n^r  to  the  depth  I 
of  the  border.    Only  a  thin  metal  film  is  i 
left  upon  the  back  of  the  mould.    The  j 
dipping-pan  is  suspended,  pluntred,  and  , 
removed,  by  means  of  a  powerful  crane, 
susceptible  of  vertical  ancl  horizontal  mo-  ' 
tions  in  all  directions.     When  lifted  (Mit 
of  the  bath,  it  is  set  in  a  water-cistern,  ' 
upon  bearers  so  placed   as   to  allow  its  ' 
bottom  only  to  touch  the  surface.     Thus  i 


the  metal  first  concretes  below,  wli]l«, 
by  remaining  fiaid  above,  it  oontinaeB 
to   impart  hydrostatic  pressure  daring 
the  shrinkage  attendant  npon  refrigera- 
tion.   As  it  thas  progressively^  contracte 
in  volome,  more  meltod  metal  is  fed  into 
the  comers  of  the  pan  by  a  ladle,  in  or- 
der to  keep  up  the  hydrostatic  pressnre 
upon  the  mould,  and  to  secure  a  perfect 
impression,    as    well    as   a   solid  cast. 
Were  the  pan  more  slowly  and  eqnablj 
cooled,  by  oeing  left  in  the  air,  the  thin 
film  of  metal  upon  the  back  of  the  in- 
verted plaster  cake  would  be  apt  to  so- 
lidify first,  and  intercept  the  hydrostatic 
action  indispensable  to  the  purpose  of 
filling  all  the  lines  in  its  face.    The  lid 
of  the  pan  being  taken  off,  the  compoand 
cake  of  mould  and  metal  is  removed, 
and  beat  upon  its  edges  with  an  iron 
sledge,  to  aetach  the  superfluous  metal. 
The  stereotype  plate  is  then  washed  with 
a  brush  and  water  to  remove  the  ad- 
hering plaster,  and  handed  over  to  the 
picker,  who  planes  its  edges  tmly  square, 
turns    its   back   flat  npon   a  lathe,    in 
which  a  steel  cutter  or  knife,  mounted 
on  a  slide  rest,  shaves  off  the  metal  in 
concentric  circles  to  a  determinate  thick- 
ness,  and  carefully  removes   the  little 
imperfections  occasioned  by  dirt  or  air 
left  among  the  letters  when  the  mould 
was  cast.    Should  any  of  them  be  da- 
maged in   the  course  of  the  operation, 
thev  must  be  cut  out,  and  replaced  by 
soUleringr  in  separate  types  of  the  same 
size  and  form. 

They  are  then  mounted  on  blocks  of 
wood  to  the  height  of  type. 

In  this  country  a  mnenine,  similar  to 
that  given  in  this  illustration,  is  used 
for  smoothin^r  the  back  of  the  plate. 
Til  is  t<tereotifp€  Sharing,  or  Planing  Ma- 
chine, for  equallizing  the  thickness  of 
stereotype  plates,  is  made  of  wrouirht 
atid  cast  iron,  and  rests  upon  a  wooden 
bench.  It  consists  of  a  cast-iron  bed 
plate  pinned  perfectly  true  on  tho  fuce 
and  ederes,  with  liearingrs  projecting 
above  to  receive  a  wrought  iron  shaft 
with  two  case  hardened  pinions  on  it, 
between  the  bearinifs  and  a  hand  wind- 
lass, with  arms  outside,  on  one  end.  A 
sliding  head,  with  knife  attached,  which 
can  be  adjusted  by  set  screws,  has  two 
racks  attached,  by  which  it  is  impelled 
by  the  windlass  and  pinions  back  and 
forward  over  the  stereotype  plate  (which 
is  placed  on  the  bed)  until  it  is  reduced 
to  tho  roonirod  thickness. 

STETHOSCOPE.     A  cvlinder  of  cedar 
wood  about  12  inches  long,   and  1  in 
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diameter ;  perforated  thronghont  its 
leni^th,  haviu|f  an  ear-piece  at  one  end 
and  a  funnoUahaped  cavity  at  the  other. 
It  is  used  to  recognize  the  soands  of  the 
cheat  in  health  and  disease. 

STILE.    In  architecture,  the  vertical 
piece  in  framing  or  panelling. 

STILL.  An  apparatus  for  the  distilla- 
tion of  liquids  upon  the  large  scale.  It 
includes  the  6o<xy,  or  bailer^  which  is 
Uisually  set  in  brick-work  over  a  furnace, 
and  to*  which  is  annexed  tAe  head^  form- 
ing the  communication  between  the  boiler 
and  condensvr  or  worm-pipe;  from  the 
extremity  of  whidi  the  disulled  liquid 
pa.sses  in  succe^tsive  drops,  or  a  small 
continuous  stream,  into  the  recipient. 
There  are  an  infinite  variety  of  stilts  ad- 
apted to  particular  purposes,  of  which 
tue  most  important  are  tne  distillation  of 
spirituous  liquon*. 

STOMACli  PCMP.  A  small  pump  or 
syringe  with  two  apertures,  the  valves  of 
which  are  so  arrango<l  as  to  admit  of 
liquids  being  drawn  out  of,  or  injected 
into,  the  stomach,  by  means  of  a  flexible 
tube. 

STOR.VX.  A  gum-rcsin.  obtained  by 
incisions  in  the  branches  ot  a  small  tree 
which  grows  wild  in  the  countries  about 
the  Mediterranean. 

STOVE.  A  receptacle  for  the  combus- 
tion of  fuel  for  the  purpose  of  lieuting 
houses,  &c.  The  closed  fire-grate  for 
the  combustion  of  coal,  with  its  various 
appendage:*,  is  generally  called  a  etove — 
hence  retfi-eUr  gtoeee.  Bath  stoves^  &c. 
These  are  ofren,  and  indeed  generally, 
very  unscientifically  constructed,  and 
calculated  to  consume  a  large  quantity  of 
fuel,  with  a  proportionate  waste  of  heat. 
They  are  genernily  intended  to  dittuse 
warmth  princinally  or  entirely  by  radia- 
tu/n,  and  should  be  placed  as  near  the 
floor  as  poA.-ible ;  while  the  diflerent 
parts,  into  the  contact  of  which  the  burn- 
injr  tut'l  is  brouirht,  should  be  of  fire- 
brick, or  some  similar  composition,  which 
is  a  bad  conductor,  but  a  good  ra<liator 
of  heat,  it  is  manifest  that  in  open  fire- 
places the  enormous  volume  ot  hot  air 
which  passes  up  the  chimney  is  not 
available  as  a  source  of  heat ;  hence,  in 
colder  climates,  such  as  that  of  the 
Northern  States,  and  where  greater  econ- 
omy of  fuel  is  studied,  the  tirei^pee  is 
frequently  closed  in,  and  contjiined  in  an 
iron  box  which  nrojects  into  the  room, 
while  the  heatea  air  be  tore  it  finally 
enters  the  chimney  in  uiadc  to  cireulatc 
throutfh  tubes  or  }»ipcs,  to  which  it  com- 
municates much  of  its  excess  of  heat,  and 
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these  affun  impart  it  to  the  snrroanding 
air.  W  hat  are  termed  in  Europe  German 
stoves^  are  usually  made  upon  such  prin- 
ciples;  and  in  them  the  fuel  is  often  in- 
troduced, and  the  air  required  for  the 
support  of  its  combustion  admitted,  on 
the  outside  of  the  room  in  which  the 
stove  with  its  flues  and  heating  surfoces 
is  placed. 

In  AmotVs  atoves  the  heat  is  similar, 
but  more  scientifically  economized.  There 
is  only  enough  air  admitted  to  keep  up 
the  slow  combustion  of  the  fuel,  and  the 
heat  is  communicated  to  the  radiating 
surfaces  of  the  stove ;  so  that  before  the 
air,  which  has  passed  through  the  fuel, 
flnallpr  enters  the  chimney,  it  has  been 
deprived  of  the  greater  part  of  its  availa- 
ble heat.  These  stoves  are  also  so  con- 
structed as,  by  means  of  thermometric  oi 
self-acting  registers,  to  adjust  with  much 
nicety  the  supply  of  air,  so  that  neither 
more  nor  less  may  enter  than  is  required 
to  maintain  the  combustion  of  a  given 
quantity  of  fuel. 

In  /eetJiam'*s  air-stoves  the  common 
open  fire  is  retained  ;  but  the  heat  is  to 
a  certain  extent  economized  by  causing 
the  hot  air  before  it  enters  the  chimney, 
to  communicate  a  portion  of  its  heat  to 
an  iron  box,  over  which  a  current  of  air 
passes  and  is  sent  wann  into  the  room. 

It  is  manifest  that  open  fires  must  act 
as  powerful  ventilators,  and  that  the  large 
quantity  of  air  which  is  driven  up  the 
chimney  must  be  supplied  in  some  way 
or  other  through  the  apartment  in  whicn 
the  fire  is  burning.  This  supply  of  air 
is  generally  left  to  chance,  ana  finds  its 
way  into  the  room  by  crevices  in  the 
door-ways  and  window-sashes,  or  between 
the  boards  of  the  floor,  or  any  similar 
accidental  passage  through  which  it  can 
make  its  way  ;  and  as,  in  London  at  least, 
llie  air  always  abounds  in  fuliginous  par- 
ticles, these  are  carried  in  along  with  it, 
and  show  its  track  by  the  blacks  which 
it  deposits.  If  this  supply  of  air  is  inad- 
equate, and  it  generally  is  so  in  new  and 
well-built  houses,  in  consequence  of  the 
tightness  of  the  doors,  windows  and  floors, 
the  chiinnev  of  ueees^itv  smokes,  and  the 
1  door  or  window  recjuires  to  be  letl  open  to 
i  prevent  sue  in  efleet.  This  evil  may  nsu- 
'  ally  be  eti  .ir.ally  prevented  by  admitting 
fresh  air  fron.  without  through  some  pro- 
per and  adequate  channel,  and  various 
onuimental  <)r  eonccaled  apertures  may 
!  be  contrived  tor  the  ]iurj)Ose;  in  the  best 
arranL'eujent  ot"  winch,  however,  niueh 
praelieal  as  well  a:^  iheorelieal  skill  is 
1  ot\eu  essential. 
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'When  rooms  are  warmed  by  German 
or  Arnott^s  stoves,  the  ventilatinjBr  powers 
of  which  are  very  inferior  to  the  open 
grate,  veniiUtium,  requires  to  be  strictly 
attended  to.  Where  buildingti^  are  warmed 
by  currents  of  hot  air  sent  up  from  stoves 
on  the  ba-semcnt  story,  grent  attention 
should  also  be  paid  to  ventilation ;  and  in 
such  coses  the  leading  object  should  be 
to  send  in  u  lanre  volume  of  air  very  inod- 
erutely  heated  (to  about  lOO'^),  rather  than 
a  small  quantity  of  very  hot  air;  the 
latter  docs  not  readily  mix  with  the  sur- 
rounding cold  air,  l>ut  forma  a  distinct 
and  rapidly  ascending  column,  which 
does  not  diffuse  itself  where  most  want- 
ed ;  and  is  apt  to  have  a  disngreeablc  or 
burned  odor,  arising  from  the  charring  of 
the  particles  of  organic  dust,  which  are 
earned  with  the  air  over  the  too  highly 
heated  surfaces  of  the  stove  or  Hues.  A 
little  aqueous  vapor,  sent  in  along  with 
the  warm  air  by  placing  a  snucer  of  water 
in  some  c(»nvenicnt  situation,  is  often 
effectual  in  preventing  the  disagreeable 
sensation  occasioned  by  respiring  too  dry 
an  atmosphere. 

The  common  Dutch  stove  is  an  iron 
box,  of  an  oblong  souore  form,  intended 
to  8t4ind  in  the  midolc  of  a  room.  Tlie 
air  is  admitted  to  the  fire,  through  a  snuill 
opening  in  the  door,  and  the  smoke  passes' 
off  through  a  narrow  funnel.  Beinjr  in- 
sulated, and  detached  from  the  walls  of 
the  room,  a  trrcater  part  of  the  heat  pro- 
duced by  the  combustion  is  saved,  and 
the  radiated  heat  being  thrown  into  the 
walls  of  the  stove,  they  become  hot,  and, 
in  their  turn,  radiate  heat  on  all  sides  to 
the  room.  The  conducted  licat  is  also 
received  by  siicocsftive  jmrtions  of  the  air 
of  the  room,  which  pa.ss  in  contact  with 
the  «love. 

The  Swedish  and  Russian  stoves  arc 
small  funuices,  with  a  very  circuitous 
smoke  flue.  In  principle,  thev  rescmV^lc 
a  common  stove,  with  a  funnel  ^)ent  round 
and  round,  until  it  has  performed  a  great 
number  of  turns  or  revolutions,  before  it. 
enters  the  chimney.  It  ditfers,  liowever, 
in  beintr  wholly  inclc-ed  in  a  larire  box 
of  stone  or  briok-work,  whicli  is  inter- 
sected with  air-jii[)es.  In  operation,  it 
connnunieates  heat  more  slowly,  heiuir 
loML^er  in  bccomiiicr  liot,  and  also  slower 
in  beeominircold,  than  the  common  stove. 
Ras.->ian  stoves  are  usually  ])rovided 
with  u  dati  per,  or  valve,  at  top,  which  is 
used  to  close  the  funnel  or  pa.ssajre,  when 
tlie  smoke  has  ceased  to  aseend.  Its  op- 
eration, however,  is  hij^hly  pernicious, 
since  burning  coals,  when  tliey  arc  fully 


ignit«d,  alirayt  give  out  carbonic  acid  in 
large  qnantities  which  rendem  the  air  of 
the  room  nnfit  for  respiration. 

The  forma  of  stoves  patented,  and  in 
nse  in  tliis  country,  are  so  numeron*, 
that  it  has  been  thought  unnecessary  to  do 
more  than  advert  to  the  general  principloB 
which  should  regulate  their  use. 

STOVE.  In  horticulture,  a  stmctnre 
in  which  plants  are  cultivated  that  require 
a  considerably  hieher  temperature  than 
the  open  air'ffi  Britun  and  similar  cli- 
mates. There  are  two  or  three  kind:*  of 
stoves,  but  the  principal  are  the  dry 
stove  and  the  damp  stove.  The  drr  stove 
is  a  structure,  the  atmosphere  of  wliich  is 
heated  to  the  temperature  of  from  55* 
to  60°  during  winter,  in  which  are  chiefly 
cultivated  succulents ;  such  as  the  diflTef- 
ent  species  of  Oretn*^  Cereus^  Staphflia^ 
Euphorbia^  Mestmbr^arithemvm^  ana  otjier 
succulents  having  similar  habits.  During 
winter  these  plants  require  very  little 
water,  and  durine  summer  they  require 
intense  heat,  and  abundance  of  air  and 
water  during  fine  weather.  The  damp 
stove,  sometimes  also  called  the  baric 
stove,  requires  a  temperature  of  be- 
tween C0°  and  70°  durmg  winter,  with 
a  proportionate  increase  during  summer, 
accompanied,  in  both  seasons,  with  a 
degree  of  atmospherical  moisture.  This 
moisture  is  produced  partlv  by  evapora- 
tion ft'om  tne  bark  bed  in  which  the 
plants  are  plunged,  but  chieflv  by  ^*atcr- 
mg  the  floor  of  the  house,  and  by  syring- 
ing the  plants.  During  summer  the 
plants  in  the  bark-#tove  require  all  the 
liirht  which  an  unclouded  atmo«»phere 
is  capable  of  producingr,  together  with 
abundance  of  air,  as  in  the  dry  stove. 
Both  stoves  are  heated  by  smoke  flues, 
or  bv  hot  water  or  steam,  circulated  in 
meta'llic  or  other  tubes.  The  plants  cul- 
tivated in  the  moist  stove  are  exclu?ivclv 
those  of  the  tropics;  and  those  whicli 
rc^iuire  the  hiirhcst  dcflrree  of  heat  arc 
chiefly  Monocotyledonous  plants,  such  ns 
tlic  Sriftnui/Kit,  which  include  the  gintrcr, 
plantain,  banana,  suirar  cane,  palms, 
OnhUncur ;  and  such  Dicotyleaonoua 
plants  as  the  bread  fruit,  the  yam,  nian- 
go-tecn,  and  other  East  Indian  i>lanLs. 
;  STKAW-HAT  MANUFACTURE.  In 
Italy  the  straw  used  for  hats  is  made  of 
rye,  "w^ioh  is  sown  on  poor  land,  very 
thick,  and  it  therefore  docs  not  erow  to 
above  one  lialf  of  its  usual  size.  The  rve 
straw  used  for  braidintr  is  cut  near  tlie 
fi-round  when  the  grain  is  in  the  mUk. 
It  is  tieil  up  in  small  bundles,  the  heads 
then  it  is  dipped  in  boiling 
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water)  and  pat  out  to  dry  in  the  san. 
taking  caro  to  take  it  in  at  night,  ana 
allowing  no  dew  to  get  on  it.     When 

{)roperly  dried,  it  is  cut  into  proper 
engthS)  drawn  between  the  fingers  with 
a  blunt  knife  edge  along  the  inside,  and 
is  u.scd  either  for  fine  or  coarse  bonnets, 
as  is  desired.  The  tool  used  for  splitting 
straw  is  a  piece  of  wood  five  inches  long, 
with  a  senes  of  sharp  spurs  near  one  end, 
with  a  wooden  or  niettd  spring  over  the 
•pure — or,  rather,  one  side  of  them — 
which  is  pressed  down  upon  the  straw  to 
keep  it  spread  flat,  while  it  is  drawn  over 
the  spurs  and  split. 

Straw  is  bleached  by  wetting  it,  and 
putting  it  into  a  tight  box  or  barrel,  with 
some  sulphur  placed  on  hot  coaLs  in  an 
iron  pot,  placed  on  the  bottom  of  it,  so 
OA  to  allow  the  straw  to  receive  the  free 
action  of  the  sulphurous  vapor.  Two 
ounces  of  bar  sulphur  will  bleach  a  pound 
of  straw.  The  straw  must  be  kept  fVom 
the  sides  of  the  box,  by  laying  it  on  strips 
of  wood  running  across  the  box  or  caslc. 
It  should  not  be  taken  out  of  the  sulphur 
box  in  less  time  than  four  hours.  Old 
straw,  leghorn,  or  palm-leaf  hats  or  bon- 
nets, may  be  whitened  in  this  way,  if 
they  are  thoroughly  washed  with  a  brush 
or  sponge  in  soup-suds,  before  smokinjj. 
Straw  must  always  bo  wet  when  it  is 
braided,  to  prevent  its  breaking.  The 
braiding  and  platting  of  straw  is  accom- 
plished, in  tins  country,  by  a  straw  plat- 
ting machine,  which  is  capable  of  braid- 
ing six  plats.  When  the  straw  hats  are 
dry,  after  being  cleaned,  thev  are  sized 
with  size  made  of  clean  parchment  par- 
ings boiled  in  water,  and  then  hung  out 
to  dry  ;  and  are  afterwards  pressed  with 
clean  damp  cloths  and  hot  irons,  on 
blocks  which  fit  them  to  the  desired 
Bhuj>c. 

Tiio  mode  of  preparing  the  Tuscany  or 
Italian  straw  is  dirforeut  from  that  matlo 
of  rye,  and  is  commenced  by  pulling  the 
bciirdcd  wheat  while  tlio  ear  is  in  a  soft 
milky  state.  The  straw  is  spread  out 
tliinlv  upon  the  ground  in  fine  hot 
weather,  fur  three  or  four  days,  to  dry  the 
sap ;  it  is  then  tied  up  in  bundles  and 
stacked,  for  tlie  purpose  of  enabling  the 
lu-at  of  the  mow  to  drive  off  any  remain- 
iiiir  moisture.  It  is  important  to'  keep  the 
eii'ls  of  the  straw  air-tight,  in  order  to 
retain  the  pith,  and  prevent  its  gummy 
purticles  from  passing  off  by  evapora- 
tion. 

Atlerthe  straw  has  been  exposed  about 
a  month,  it  is  removed  to  a  meadow  and 
spread  out,  that  the  dew  may  act  upon 


it,  together  with  the  Bun  and  idr,  and 
promote  the  bleaching.  The  fiiat  pro- 
cess of  bleaching  being  complete,  the 
lower  joint  and  root  is  pulled  from  the 
straw,  leaving  the  upper  part  fit  for  nse, 
which  is  then  sorted  according  to 
qualitiea ;  and  after  being  submitted  to 
the  actipn  of  steam,  for  the  parpoee  of 
extractinp^  its  color,  and  then  to  a  fumi- 
^tion  ofsulphur,  to  complete  the  bleach- 
ing, the  straws  are  in  a  condition  to  be 
platted  or  woven  into  hate  and  bonneta, 
and  are  in  that  state  imported  in  bandies, 
the  dried  ears  of  the  wneat  being  still  on 
the  straw. 

Straw  may  be  bleached  by  a  solntion  of 
chloride  of  lime.  The  straw,  after  being 
aired  and  sotlened  by  spreading  it  upon 
the  grass  for  a  night,  is  ready  to  be  split, 
preparatory  to  dveing.  Blue  is  given  by 
a  boUing-fiot  solution  of  indigo  in  buI- 
phuric  acid,  called  iSaxon  Uue^  diluted 
to  the  desired  shade ;  yellow,  by  decoc- 
tion of  turmeric ;  red,  by  boiling  hanks 
of  coarae  scarlet  wool  in  a  bath  of  weak 
alum  water,  containing  the  straw;  or 
directly,  by  cochineal,  salt  of  tin,  and 
tartar.  Brazil  wood  and  archil  are  also 
employed  for  dyeing  straw. 

STKENGTH.  The  power  exerted  by 
an  animal  or  machine  m  overcoming  re- 
sistance. That  of  the  horse  is  used  as  a 
standard  ;  it  certainly  is  the  most  useftil, 
and  that  whoso  labor  is  susceptible  of  the 
most  numerous  and  varied  applications. 
It  is  therefore  very  important  to  ascertain 
his  average  force ;  and  accordingly  a  great 
number  of  estimates  have  been  published, 
both  of  the  amount  of  labor  he  is  capable 
of  performing,  and  of  his  absolute  mus- 
cular power.  For  the  purpose  of  deter- 
mining the  latter,  the  dynamometer  may 
be  conveniently  used;  but  as  the  action 
of  the  animal  is  very  cjuickly  reduced  by 
continued  exertion,  it  is  more  usual  to 
estimate  it  according  to  the  amount  of 
daily  labor  performed.  Desaguliere  and 
Smoaton  estimate  the  strength  of  a  horae 
as  equivalent  to  that  of  nve  men;  the 
Frencli  authors  have  commonly  stated  it 
as  equal  to  that  of  seven  men ;  and  Schulze 
makes  it  equal  to  that  of  fourteen  men  in 
drawing  horizontally.  Accordincr  to  Des- 
aguliers,  a  horse's  power  is  equivalent  to 
44,lKXJ  lbs.  raised  1  foot  high  in  oiio  min- 
ute ;  Smeaton  makes  this  number  22,910; 
llachettc  28,000  ;  and  Watt  83,000.  This 
last  estimate  is  what  is  commonly  under- 
stood by  the  term  hofse  power  as  applied 
to  steam  engines. 

The  quantity  of  action  which  a  horse 
can  exert  diminishes  as  the  duration  of 
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the  labor  in  prolonged.  Tredgold  gives 
the  following  table,  showing  the  average 
maximum  velocity  with  wnich  a  horse 
unloaded  can  travel,  according  to  the 
number  of  hours  per  day  : 


Tbna  of 

March,  in 

Huon. 


Onmtat  Vclo-]     TrniP  of 
dt^  p«r  Hoar,]    Mnroh,  in 
m  Miles.      I       Honri. 


Greatest  Vrb. 
city  per  Hour, 
I      ID  Miles. 


1 

14-7 

6 

6-0 

2 

10-4 

7 

6-5 

8 

8-5 

8 

6-2 

4 

7« 

9 

4-9 

6 

6*6 

10 

46 

The  useful  effect  a  horse  is  capable  of 
producing,  depends  much  on  the  manner 
in  which  his  strength  is  applied.  One  of 
the  best  modes  is  to  make  him  draw  a 
loaded  carriage.  The  carriers  in  Scot- 
land usually  transport  in  a  single- honte 
cart,  weighmg  about  7  cwt,,  the  load  of  a 
ton,  and  travel  at  the  rate  of  22  miles  per 
day.  Neglecting  the  weight  of  the  ani- 
mal and  of  the  cart,  and  supposing  the 
journey  to  be  accomplished  in  10  hours, 
the  usefiil  effect  reduced  to  dynamic 
units  (1000  lbs.  one  foot  in  one  minute) 
is  260,198  dynamic  units. 

Napier  gives  the  following  results  :  A 
horse,  drawing  in  a  cart  a  load  of  1540 
lbs.,  (700  kilojjrrammes,)  travels  at  the 
rate  of  2l6i  feet  per  minute,  diirinjr  10 
hourd  per  day.  Here  the  useful  effect  is 
200,046. 

A  horse  harnessed  in  a  coach,  and 
drawing  a  load  of  770  Iba.  avoirdupois, 
goes  at  a  trot  at  the  rate  of  433  feet  per 
minute,  during  4i  hours  per  day.  The 
useful  effect  is  conpequeutlv  90,020. 

A  horse  carrying  on  his  tack  a  load  of 
264  lbs.  can  tra'vel  at  the  rate  of  2ir,J  feet 
per  minute,  10  hours  a  day.  The  useful 
effect  is  84,294  dvnamic  units.  Golnjr  at 
a  trot  with  double  the  velocity,  duiin?  7 
hours  a  day,  and  carrying  a  load  of  f76 
lbs.,  the  useful  effect  is  32,007. 

A  horse  harnessed  in  a  mill,  ^roinsr  at  a 
pace  of  195  feet  per  minute,  and  excrcis- 
mg  a  force  equal  to  a  pressure  of  99  ll)s., 
during  8  hours  a  day,  produce!" 
effect  represented  '  by  92G6 
uuit.«*. 

On  the  atrengrth  of  mules,  oxen,  and 
the  other  animals  emploN  ed  in  industry, 
there  are  few  correct  observations.  The 
following  are  the  princii>al  results  :  Tuk- 
inj^  tlie  useful  effect  of  the  dailv  labor  of 
a  man  accordin'/  to  Coulonil)'^  estimate 
as  unity,  then  the  comparative  effects  of 
the  labor  of  some  of  the  other  animals 


a  useful 
dynamic 
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u 
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applied  in  the  same   manner  are  Hum 
estimated : 

For   carrying   loads   in   a   horixontal 
plane — 

Strength  of  a  noan 1    (Coulomb.) 

^       of  a  hone 4-8  (Brunacci.) 

"       ofahorae 6  1  (WeMsmianQ.) 

**       of  a  hone 7-6(Bruoacd.) 

For  transporting  burdens  with  a  wheal 
carriage — 

Man  wuh  a  barrow 1    Ooulomb.) 

Horse  in  a  four  wheel  wagon..  17  5  (Weaerm.) 

Horae  with  a  cart -/i  3(Bruo*cci.) 

Mule  wiih  a  cart •••23*3  (Brunacci) 

Ox  with  a  cart 12-2  (BninaccL  ) 

The  above  comparisons  are  probably 
nearer  the  truth  than  the  following,  which 
are  usually  ouoted  from  Hasseufratz 
{EncydopeaU  Methodique) : 

In  carrying  loads  on  a  horizontal 
plane — 

Strength  of  a  man 1 

'*       ofahorae 8 

of  a  mule 8 

of  an  a^ta 4 

of  a  camel 3) 

of  a  dnmiedary 25 

of  an  elephant ...147 

of  a  dog ? 

of  a  reindeer 3 

In  drawing  a  weight  along  a  horizontal 
plane — 

Strength  of  a  man l 

"  of  a  horso T 

"  ot  a  mule   7 

"  of  an  ass % 

"  of  an  ox 4toT 

**  of  a  dojc. 0*6 

"  of  a  reindeer 0"8 

STRENGTH  OF  MATERIALS.    The 

force  with  which  a  solid  body  resists  an 
effort  to  separate  its  particles,  or  destroy 
their  apjrregation,  can  only  become 
known  froiji  experiment ;  nevertheless,  if 
we  assume  an  hvpothesis  to  represent  tlie 
manner  in  whic-li  the  elementiiry  particles 
are  nrnmu'ed  and  cohere,  ^'cncral  formulae 
niiiy  be  deduced,  which  will  represent  the 
com^>nrative  strenirth  of  bodies  of  differ- 
ent tonus  and  dimensions,  or  submitted 
to  the  action  of  forces  applied  indilfereiit 
numners,  mul  will  consequently  be  of 
great  use  in  }iractionl  mechanics. 

There  are  tour  different  ways  in  which 
the  strength  of  u  solid  body  ?nav  be  exerted: 
first,  in  icsij^tiii;/  u  lou<ritudiiuil  tension, 
or  fone  tciidiujr  to  tear  it  asunder;  se- 
condly, ill  rcsistiuir  a  force  tending  to 
break  the  body  by  a  transverse  strain; 
thirdly,  in   resisting  compression,  or  a 
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force  tending  to  crueh  the  body  \  and 
fourthly,  in  reaisting  a  force  tending  to 
wrench  it  asunder  by  torsion.  We  anall 
consider  these  separately. 

1.  Longitudinal  Tensum, — ^The  resist- 
ance opposed  bjr  a  solid  body  to  a  longi- 
tudinal strain  is  usually  tonned  the  ab- 
toluU  9tr«ngthy  or  force  of  direct  cohe- 
sion,  of  the  body,  l^o  points  may  be 
proposed  for  investigation :  first,  to  de- 
termine the  quantity  by  which  a  body 
of  a  given  length  is  stretched  or  elongat- 
ed under  the  action  of  a  given  force  or 
weight ;  and  secondly,  the  effect  required 
to  separate  the  parts  or  produce  rupture. 
Experiments  have  usually  been  directed 
to  the  last  of  these  only,  but  the  first 
may  be  determined  indirectly  from  ex- 
pen  men  to  on  flexure.  In  bodies  of  a 
fibrous  structure,  as  the  woods,  the  co- 
hetiive  force  differs  greatly,  according  as 
the  effect  is  applied  in  the  direction  of  the 
fibres,  or  at  right  an^irles  to  it.  .When 
the  strain  is  exerted  in  the  direction  of 
the  fibres,  the  cohesive  force  obviously 
depend>^  on  two  circumstances  only — the 
strength  of  each  fibre,  and  their  number ; 
and,  in  general,  in  bodies  of  the  same 
substance  and  structure,  the  strength  is 
proportion^  to  the  transverse  area  of  the 
Dody,  and  to  a  certain  constant  which 
muAtbe  determined  by  experiment. 

Although  the  longitudinal  tension  is, 
with  respect  to  mechanical  action,  the 
simplest  of  all  the  strains  to  which  a 
solid  body  can  be  subjected,  it  is  the 
mo»t  difficult  to  submit  to  experiment, 
by  reason  of  the  enormous  forces  required 
ti  produce  rupture,  nnd,  in  the  case  of 
fibrous  bodies,  the  diflflculty  of  applying 
those  forces  in  the  direct  line  of  the 
fibres.  If  the  fibres  are  not  all  subjected 
to  tb.o  same  strain,  it  is  obvious  that  the 
direct  cohesion  will  be  estimated  at  less 
than  its  real  value;  and,  as  Mr.  Barlow 
remarks,  it  is  probably  owing  to  this  dr- 
cnmstanee  that  so  little  agreement  is 
found  in  the  results  of  experiments. 

2.  Transverse  Strength. — When  a  body 
fiuffers  a  transverse  strain,  the  mechani- 
cal notion  which  takes  place  among  the 
piirti<'le9  is  of  a  more  complicated  nature. 
G.ililco  was  the  first  who  attempted  to 
^ive  a  rational  explanation  of  this  action, 
an'l  to  submit  the  strength  of  the  mate- 
rials u<ed  in  the  mechanical  arts  to  the 
iniMsures  of  (geometry  and  arithmetic. 
Hi*,  as-iuincfl  that  all  solid  bo<lles  are  com- 
pose.I  of  numerous  small  parallel  fibres, 
perfoct'y  inflexible  and  inextensible  ;  nnd 
that  when  thoy  break,  the  several  fibres 
give  way  in  succession,  the  body  turning 


on  the  last,  which  give  way  as  on  a  hing«, 
and  the  strain  on  each  fibre,  previous  to 
the  rupture,  being  proportional  to  its 
distance  fh>m  the  quiescent  fibres. 

From  the  table  of  data  given  by  Bar- 
low the  following  mean  results  of  experi- 
ments (on  beams  supported  at  both  ends), 
made  in  the  dock-yard  at  Woolwich,  for 
determining  the  elasticity  and  atrength 
of  various  apeoies  of  timber,  are  ex- 
tracted: 


DMoiptiMi  of  Wood. 

ElMtieity. 

fr/3 

E— 

2Qhbd^ 

Ahd» 

Teak 

Poon 

3OIH0O 
2IIC00 
10^200 
181400 
20X300 
205&T0 
169200 
87480 
155300 
27:iOOO 
166100 
108700 
131600 
1822W 

^62 
2'i'21 

English  Onk 

Diuo,  another  ppec. 

Canadian  Oak 

ABh 

Beech 

Elm 

1181 
16?2 
1766 
2026 
1666 
1013 

Pitch  Pine 

New-England  Fir.. 
RiiraFir 

1632 
1108 

Mar  Forest  Fir.... 
I«arch 

1262 
1149 

Norway  Spar 

1474 

From  the  mean  of  a  number  of  experi- 
ments by  Tredgold,  the  values  of  E  and 
S,  for  rectangular  cast  iron  bars,  were 
found  to  be  &=22.54000,  S=7620. 

Be^intance  of  bod  Us  to  forces  tending  to 
crush  them. — The  resistance  of  a  body  to 
a  cratihing  force  might  be  supposea,  a 
prioriy  to  follow  the  same  law  as  the  ab- 
solute force  of  cohesion,  and,  consequent- 
ly, to  depend  only  upon  the  area  of  the 
section  and  the  force  of  aggregation  of 
the  particles.  It  is  found,  however,  by 
experiment,  that  the  thickness  of  the 
body  (or  length,  if  the  force  is  applied 
endwise),  has  an  important  influence  on 
the  amount  of  pressure  it  is  capable  of 
bearing.  Very  thin  plates  are  readily 
crushed;  and  the  resistance  appears  to 
increase  with  the  thickness  up  to  a  cer- 
tain maximum,  after  which  it  diminishes. 
The  theory  of  the  resistance  of  pillars, 
which  is  or  great  importance  on  account 
of  its  api)lication  to  an.'hitectural  pur- 
poses, was  investigated  by  Euler;  and, 
ttccordinsf  to  the  hyj:)Otliesis  adopted  by 
him,  the  strength  varit's  directly  ns  the 
fourth  power  of  the  diameter  or  side,  and 
inversely  as  the  square  of  the  lensth. 
Tills  is  conflrmci  l)y  the  recent  experi- 
ments of  Mr.  Hodfirkinson,  in  respect  of 
pillars  of  wrought  iron  or  timber ;  but  in 
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of  the  diAmctor  and  tcnsth  were  iionis- 
what  different.  Mr.  HoaKhiuBon  foand 
from  a  mean  of  eipctimentu,  Ihst  n  solid, 


(as  reprOKCnting  his  eiperimenln),  ia 
which  t  is  tlie  Btrenglh  or  weight  in 
lbs.  thil  would  crush  the  pillar,  d  the 
dinnietcr,  and  ( the  lenRth,  rii.,  t— 9B9S2 
XrfJM^iiT.     This   formiiln  ii].plicB  lo 

Bve  times  the  dismcler  and  upwards,  aiid 
whiuh  are  perfeollj-  flit  at  the  ends. 
When  the  enda  of  a  pillar  are  roimdeil, 
Ro  that  the  load  beats  only  an  the  middle 
flbre*,  the  Mrenirth  is  greatly  reduced. 
In  pillara  whose  Icneth  is"  thirty  limos  the 
diameter,  or  upwards.  Mr.  KodickinHin 
(bund  the  strength 


rength  , 


It  tllTt 


>il  the 


1  rouud  enits,  the  mean  ratio 
being  S-16T.  In  tliorter  |iillars  the  mlic 
wu  not  constant.  The  atrenjith  of  a 
pillar  is  HllghllylncresM-d  by  placing  disfcs 
OD  the  BndH  to  iiicreaie  iho  bearinga. 

BTKONTIA,oiinoftlieal1:altnecHrthR, 
ofwiiieh  tlFonlinm 'm  tiie  inctullie  busis, 
oocurs  in  a  crystalline  utate,  as  a  carbon- 
ate, in  lead  mines.  The  sulphate  is  foimil 
crvsialliicd  in  several  parts  oftlio  world  ; 
iMit  stronlitic  niineriilx  are  ratlier  rare. 
The  pnre  earth  is  prepared,  like  barvta, 
from  tlioTOrhonaleorthesuli'luilc.  ttia 
a  grayish- while  powder,  int'usihte  in  the 
fiimaeo.  of  a  si>w-ifle  gravity  o[.proBi;ii' 
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l\iuno.»lii1e  \y:»-  <>l*^:irUnL-ive  a  vellow 
lini."'.  Flnxsilh'ir-  iK-id  and  ioilate  of  i-odii 
pui-ii-it^ilu  \\w  sills  ■•(  the  lull.-r  enHh. 
f<iit  nut  th.ise  .<f  the  runner.    The  ciii- 


WTUBBLE.  The  root  ends  of  stalks  of 
grain  left  in  the  lleld  standiug  u  thry 
grow  stlcr  the  gmin  ii»  been  reaped  \f} 


,rt.v; 


fool  or  eighteen 
hos  ill  lengtli ;  but  in  otlien  the  gnir. 
I'll!  as  cloae  to  the  snrTnee  as  possible, 
which  ease  tlie  Btubh'e  is  qiule  ehon. 
eencrol,  long  stubble  in  ohjecCionable, 
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STUCCO.    In  art 
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nt  of  Ihree-cool  pit 
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used.    Rough  "I 
floated  and  hmshed  witii  water,  but  Ih'e 
best  is  trowelled  stnceo. 

KUHKKIC  A(,'1D.  An  acid  substance 
into  which  cork  is  converted  bytholraig- 
continned  artion  of  nitric  acid. 

8U13EKIN.  A  name  given  bj  Chr». 
renl  to  the  cellular  tispue  of  cork  afterihe 
varioni"  soluWo  mallera  have  been  re- 
miivi'dhv  tlie  fidion  of  water  uiid  tdci'li'tl. 

urBI.lMATION.  A  process  by  which 
snlbLs  are  liy  the  ud  of  heat  eouvertiil 

o)K.rution  is  frcriue'ntly  reported  lo  ibr 

ii-ai  pniiiiicls,  and  i>ei«mtina  them  ftvra 
anhsUci-.  which  a 
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SUBSTANTIVE  COLORS,  are  those 
which,  in  the  process  of  dyeing,  remain 
fixed  or  permanent  without  the  interven- 
tion of  other  snbstances ;  they  are  oppos- 
ed to  adjectioe  cnlor»^  which  require  to  be 
fixed  by  certain  intermedia^  or  anbetances 
which  have  a  joint  affinity  for  the  color- 
ing matter  and  the  material  to  be  dyed. 
(*S^  Dyeing  and  Mordant.) 

SUBSTRATUM.  A  stratum  lying  un- 
der another.  The  term  sudeoil  is  gener- 
ally applied  to  the  matters  which  inter- 
vene between  the  surface  soils  and  the 
rocks  on  which  they  rest ;  thus  clay  is  the 
common  substratum  or  subsoil  of  gravel. 

SUGAR,  is  the  sweet  constituent  of 
vegetable  and  animal  products.  It  may 
bo  dii^tingui.Hhed  into  two  principd  spe- 
cies. The  first,  which  occurs  in  the  bu- 
gar-cane,  the  beet-root,  and  the  maple, 
crystallizes  in  oblique  four-sided  prisms, 
terminated  by  two-sided  summits ;  it  has 
a  sweetening  power  which  may  be  repre- 
sented by  100 ;  and  in  circumpolarization 
It  bends  the  luminous  rays  to  the  right. 
The  second  occurs  ready  formed  in  ripe 
rrapcs  and  other  fruits;  it  is  also  pro- 
duced by  treating  starch  with  diastase  or 
sulphuric  acid.  TWs  species  forms  cauli- 
flower concretions,  but  not  true  crystals  ; 
it  has  a  sweetening  power  which  may  be 
represented  by  60,  and  in  circampolari- 
zntion  it  ben(fs  the  rays  to  the  lefl.  Be- 
sides these  two  principal  kinds  of  snarar, 
some  others  are  distinguished  by  chem- 
ists ;  as  the  sugar  of  milk,  of  manna,  of 
certain  mushrooms,  of  liqnorice-root,  and 
that  obtained  from  saw-dust  and  glue  by 
the  action  of  sulphuric  acid;  but  they 
have  no  nnportuncc  in  a  manufacturing 
point  of  view. 

Siiffar,  extracted  either  from  the  cane, 
the  beet,  or  the  nmplc,  is  identical  in  its 
properties  and  composition,  when  refined 
to  tne  same  pitch  of  purity  ;  only  that  of 
the  beet  seems  to  surpass  the  other  two 
in  cohesive  force,  since  hirjrcr  and  firmer 
crystals  of  it  are  obtained  from  a  clarified 
solution  of  equal  density.  It  contains 
f)-'S  per  cent,  of  combined  water,  which 
can  DC  sc]>arttted  only  by  uniting  it  with 
oxide  of  lead,  into  what  hos  been  called  a 
sucoharate  ;  matle  by  mixing  synip  with 
finely  pround  litharge,  and  evaporating 
the  mixture  to  dryness  upon  a  steam- 
bath.  When  sufiraf  is  exposed  to  a  heat 
of  400°  F.,  it  melts  into  a  brown  pasty 
mass,  but  still  retains  its  water  of  compo- 
sition. Sugar  thus  fused  is  no  longer 
capable  of  crystollizotion,  and  is  called 
cjirainel  bv  the  French.  It  is  used  for 
coloring   liquors.      Indeed,   sugar   is  so  : 


BuscepUble  of  change  by  heat,  that  if  a 
colorless  solution  of  it  be  exposed  for 
some  time  to  the  temperature  of  boiling 
water,  it  becomes  brown  and  partially 
uncrystallizable.  Acids  exorcise  such  an' 
ii^urious  influence  upon  su^r,  that  after' 
remaining  in  contact  with  it  for  a  little 
while,  though  they  be  rendered  thor- 
oughly neutral,  a  great  part  of  the  sugar 
win  refuse  to  er^^stollize.  Thus,  if  three 
parts  of  oxalic  or  tartario  acid  be  added 
to  sugar  in  solution,  no  crystals  of  sugar 
can  be  obtained  by  evaporation,  even 
though  the  acids  be  neutralized  by  chalk 
or  carbonate  of  lime.  By  boiling  cane 
sugar  with  dilute  sulphuric  acid,  it  is 
changed  into  starch  sugar.  Manufactu- 
rers of  sugar  should  be,  therefore,  parti- 
cularly watchAil  against  every  acidnloos 
taint  or  impregnation.  Nitnc  acid  oon<- 
verts  sugar  into  oxalio  and  malic  acids. 
"When  one  piece  of  lump  sugar  is  rubbed 
against  another  in  the  dark,  a  phospho- 
rescent li^ht  is  emitted. 

Sugar  18  soluble  in  all  proportions  in 
water ;  but  it  takes  four  parts  of  spirits 
of  wine,  of  spec.  grav.  0'880,  and  eighty 
of  absolute  alcohol,  to  dissolve  it.  both 
being  at  a  boiling  temperature.  As  the 
alcohol  cools,  it  deposits  the  sugar  in 
small  crystals.  Caramelized  and  uncrj's- 
tallizable  sugar  dissolve  readily  in  alco- 
hol. Pure  sugar  is  unchangeable  in  the 
air,  even  when  dissolved  in  a  good  deal 
of  water,  if  the  solution  be  kept  covered 
and  in  the  dark ;  but  with  a  very  small  ad- 
dition of  gluten,  the  solution  soon  begins 
to  ferment,  whereby  the  sugar  is  decom- 
posed into  alcohol  and  carbonic  acid,  and 
ultimately  into  acetic  acid. 

SUGAb,  MANUFACTURE  OF.  The 
great  commercial  demand  for  sufirar  is 
almost  exclusively  supplied  from  the  su- 
gar cane  {Arun'do  saccharifera)^  which 
contains  it  in  greater  quantity  and  purity 
than  any  other  plant,  and  consequently 
affords  the  greatest  facilities  for  its  ex- 
traction. A  larce  quantity  of  sugar  is 
contiiincd  in  the  sap  of  the  American 
maple  (Acer  gaccharinum),  and  in  the 
juice  of  the  beet-root  (Jiefa  ruhjarm^^ 
from  both  of  which  it  may  be  economi- 
cally obtained  ;  it  has  also  lieen  extract- 
ed irom  grapes  or  raisins,  and,  as  is  well 
known,  is  contained  abundantly  in  many 
ripe  fruits  and  esculent  vctretables.  It  is, 
however,  in  these,  seldom  so  pure  or  in 
such  quantity  as  to  admit  of  ready  sepa- 
ration. 

Suear  is  a  crop,  wliich,  as  made  fVom 
the  cane,  is  nlmost  confined  to  Louisiana, 
in  this  country.     The  return  of  the  crop 
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of  1346,  was  abont  140,000  hofrshoads.  In 
the  year  1848,  the  growth  being  larger, 
it  wan  estimated  at  240, 000 — which  at  the 
rate  of  50  doIlnrB  a  hogshead,  would  give 
the  BUin  of  12,000,000  dollars,  the  value 
of  a  single  product  of  23  parishes  in  that 
State.  The  cultivation  or  this  plant  is 
extending  in  Geoi^ia,  Alabuma,  and  Flo- 
rida. Texas,  however,  will  be  the  jyrreat- 
est  rival  of  Louisiana  in  the  cultivation. 

The  steady  advance  in  improvement 
of  Louisiana,  affords  encoun^rement  to 
believe,  that  tlie  time  mav  not  be  far  dis- 
tant, when  this  State,  aided  by  Florida 
and  Texas,  will  be  able  to  furnish  enough 
to  meet  all  the  demands  for  consumption 
of  this  article  in  the  United  States.  This 
would  be  a  very  desirable  consummation, 
not  merely  on  account  of  the  growing 
prosperity  of  this  State,  but  as  occasion- 
ing still  increased  exchange  of  products 
from  other  States. 

The  following,  taken  from  the  New 
Orleans  Price  Current,  of  September  1, 
1847,  03  the  amount  of  the  crops  of  that 
State  for  many  years  post : 

Crop  of  1828 8R,0no  hhds. 

"  1829 4«.CB0    " 

"  18;« 70,000     '* 

"  1833 75.(1U0     " 

**       if<u loosm   " 

"  1R35 30,000  " 

«  1836 70,000  " 

«  JS37 65,000  " 

"  1838 70.000  " 

«  1839 113.000  " 

"  18^10 87.(KK)  " 

*'  J^UI  'MICMIO  •( 

"  1R12 uo.ooo  " 

"  lfi43 lOO.dOO  " 

»*  iai4  '^tO.O(X)  " 

"  1S45 lS<i,(iOO  " 

"  1816 'JOd.OOO  '' 

"  1847 240.1K)0  " 

The  production  and  consumption  of 
sugar  is  lurge.  In  l'^44,  the  wliole  ainonnt 
produced  from  ull  the  biigar-ir rowing 
countries  in  the  world  was  set  down  at 
778,000  tons,  of  which  2<i(i,0o()  was  sup- 
nlied  by  Cuba  nlono.  It  is  probable  tliat 
by  this  time,  therefore,  it  can  seareelv  ]>c 
less  than  8o0  to  *J0<',0oo  tons,  if  wc  in- 
clude beet  and  maple  snifar.  It  is  esti- 
mated that  Great  liritain  consumes  as 
much  ns  goO.coo  tons,  the  rest  of  Kuro]>c 
450,000,  the  United  States  loO  to  l(;<i,o(i(i 
tons,  or  more ;  Canada  and  ihc  other 
British  Colonies,  'jr»,(Mio  tons. 

The  amount  of  Utt-rottt  amjtir  made  in 
Franee  in  li>4fJ-ls47,  was  estimated  at 
107,1^M\110  pounds,  Iwin^,'  an  increase  (>f 
26,5'J6,43*J  jiounds  on  the  quantity  niaiiu- 
faetured  the  i>revious  year.  Thi-^  article 
shows  the  importance  of  penseveruiicc  in 


such  experiments  as  hold  ont  the  proba- 
bility ot  success.  It  is  well  known,  as  a 
fact  of  history,  that  the  origin  of  this 
manufacture  as  a  national  one,  sprang 
from  the  necessities  of  the  French  people, 
when  in  their  wars,  they  were  cut  off 
from  the  usual  supplies  of  cane  sugar  by 
the  West  Indies.  It  is  not  less,  too,  a 
matter  of  record,  how  great  was  the  ridi- 
cule cast  upon  the  Emperor  Napoleon  for 
his  efforts  by  way  of  encouragement  to 
this  business. 

Five  different  kinds  of  cane  are  culti- 
vated in  Louisiana — Bourbon,  green-rib- 
bon, red-ribbon,  Otaheite,  and  Creole. 
The  two  first  are  the  most  extensively 
cultivated.  The  cane  is  planted  in  full, 
sometimes  in  October,  in  rows  from  fivo 
to  eight  feet  apart,  and  reaches  its  full 

f growth  in  nine  months.  It  grows  no 
uxu riant  that  the  rays  of  the  sun  can- 
not penetrate  it.  Previous  to  pNoting, 
the  soil  is  ploughed,  harrowed,  and  the 
furrow  opened  with  a  double  mould- 
board  plough.  Cane  slips  are  then  laid 
in  straight  lines  three  thick,  and  ovcr- 
lappinjBT.  They  are  then  covered  four 
or  six  inches  with  earth,  as  a  protection 
from  frost. 

The  Mississippi  lands  on  which  the 
cane  grows  is  almost  inexhaustible,  re- 
quiring no  manure  for  the  present  but 
only  to  be  ploughed  deeper,  it  is  found, 
however,  advantageous  to  plough  in  the 
tops  and  other  refuse  matter  of  the  cone. 
On  this  point,  Mr.  Benjamin,  writing  in 
De  Bow's  Review,  savs : 

"  Wlien  the  cane  is  cut  in  the  fall,  a 
large  portion  of  the  produce  of  the  S4)il 
renuiins  on  the  field,  as  is  well  known, 
in  the  tops  und  leaves  of  the  ciiue,  the 
rij)C  portion  alone  of  the  stalk  being  con- 
veyeil  to  the  mill.  This  is  cjilled  the 
trasl),  and  is  placed  on  the  stubbie  to  as- 
sist in  ]>roteeling  tVom  the  frost  that  part 
of  tlie  cane  whieli  remains  under  ground, 
and  from  which  the  rattoons  slioot  up 
the  ensuing  seiv^on.  As  soon  in  tlie 
spring  as  danger  of  frost  is  no  longer  nj»- 
prehended,  tlie  trash  is  ruked  off  the 
rows  of  stubble  to  allow  access  to  the 
sun  and  air;  and  on  nearly  ull  planta- 
tions this  tnish,  which  is  a  useful  and 
fertilizing  manure,  is  burnt  up,  instead 
of  bein^  returned  to  the  earth.  One 
cause  of  tlie  ditticulty  of  makiiiir  use  of 
this  trash  as  manure,  was  the  narrow- 
ness of  the  space  between  the  rows  untler 
tin-  old  system  ot  plantintr,  which  lell  so 
little  room  as  to  make  the  operation  of 
)lonirhiuir  in  the  trash  diftieult  and  la- 
orious ;  but  where  the  rows  are  eight 
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tlie  uroiind.  in  order  to  live  Biitflcieiil 
full  fur  llie  jnice  lo  flow  inro  tlie  .iolce- 
boxcK,  and  ft-oin  tbem  into  tlie  kettle^. 

rollers,  from  2a  to  28  incheB  io  diameler, 
and  m>in  4  (o  St  feet  long. 

The  following  cat  is  an  iUoBtrttioo  of 
a  horuouUl  Bngni^mill. 


IK  in  diametiT,  Tiie  boxen  in 
iouniHla  revolve  ore  of  bnisa, 
■■BnbUtfsanti-aHrilion  iiie- 
I  retnm  [ilals.  aboni  irliirh 
rrimt  ditfereiipc  of  opinion  rc- 


w  I  lie  lop  n 
6tl  to»Of«< 


»  per  cent,  of  iaice; 
t  oMsIned,  probably, 
per  cent.     Wmy  re- 


in^h,  according!  to  the  hefglit  at  which 
the  mill  i»  pisred. 

Plantcn  who  pay  attention  lo  tbe  iiot- 
^g  of  the  rollers  and  the  feedin;;  of  tb« 

yet  the  miial  ni 


adjnstcd  eractly  flve-aisteentlis  of  an 
inch  from  the  main  or  upper  roller,  and 
the  second  ntider  roller  jnst  one-tenlh  of 
an  inch  from  the  npper  roller." 

The  juice  so  obtained,  Is  carefblly  eva- 
porated  till  it  has  acnaired  the  proper 

is  added  dnring  tluB  operation,  lo  nen- 
traliie  any  fVee  acid,  and  to  facilitate  the 
separation  of  certain  vc)ietable  mntlers, 
whieli,  Id  mnBcqnence  of  tlia  action  of 
the  lime,  rise  more  readily  to  the  snr- 
fiicc,  and  admit  of  beina  shimmed  off. 
When  duly  concciitmted,  the  «yriip  is 
run  off  into  Bhailow  wooden  cooler«, 
where  it  concretes;  it  is  then  put  into 
barrels  with  holes  in  the  bottom,  Ihrongh 
wliidi  n  qoantily  of  treacle  or  molasses 
gradually  drips,  and  the  remaining:  angar 
acquires  thegrannlnr  erystalllne state;  it 
Is  packed  into  liogHhcmlB,  and  comas  to 


irified. 


rTB  by  which  raw  sugar  Is 
law  stiimr  is  cliosen  by  the  i 
lie  sharpiioM  and  briKhtiieHB  ol 
'.  in  pnt  into  a  copper  pan  or  b 
ionsly  chareed  witl:  -  — ■-'■■ 


Vo<yis«tJ"vcV  Ei.rly  in  the  morning  iTres 
are  lighted  under  the  pani,  and  whcD 
the  liquid  bolls,  the  eongaluted  alba  men 
of  the  blood  rii-cs  lo  the  surface  and  ntr- 
rics  the  impurities  of  the  sugar  with  it. 
The  liquid  i<  keni  gentiv  siiiiuiering.and 
coiiignuiilly  ahimnie^l,  1^1  a  snuill  quan- 
tity, lalren  not  in  a  metal  spoon,  ap- 
pesra  perfeellv  transparent;  Ihi.*  gcneral- 
Iv  tnkca  ffoin  four  to  Ave  hours.  The 
clear  syrnp  la  Ih 


'e  reduced  to  half  tli 


miller  pnrtioi 


en  on  the  thumb  is  capnlile  i.f  bi'itip 
nn  into  tlirciHl'  bv  the  fureflnu-cr; 
Arc  i«  then  .liimpe.l.  mid  lite  1-iililig 

vsli  quantity  la  then  pumped  into  tha 
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pans  and  evaporated  as  before.  In  the 
coolen*  tlie  siijrar  is  violently  agitated 
with  woodcu  oare  till  it  nppeara  jfrann- 
lated.  It  is  upon  this  ngitatioii  that  the 
whiteness  nnd  fineness  of  crrain  in  tlje 
refined  8U)|far  principally  depend  ;  the 
crystals  arc  thus  broken  down  wliile 
forming,  and  tlie  whole  converted  into  a 
granular  mu^,  which  permits  the  color- 
ed liquid  saccharine  matter  to  run  off, 
and  which  would  be  combined  with  the 
solid  if  it  were  suffered  to  form  into 
Jarjrcr  crystals.  This  granular  texture 
likewise  facilitates  the  percolation  of  wa- 
ter through  the  loaves  in  the  attcr  pro- 
cess, which  washes  the  minutely  divided 
crystals  front  all  remaining  linge  of  mo- 
lasses. That  this  is  the  real  theory  of 
the  whitening  of  sugar  by  the  process  of 
refining,  appeal's  from  a  comparison  with 
the  process  for  making  su(/nr  cambf.  In 
this  the  raw  material  is  cleared  ami  boil- 
ed as  above;  but  instead  of  being  put 
into  coolers  and  agitated,  it  is  poured  into 
pans,  across  which  threads  are  strung,  to 
which  the  crvstals  attach  themselves  ; 
these  are  sot  in  a  stove,  ajid  frrcat  care  is 
taken  not  to  disturb  the  li(jni«l,  sis  upon 
this  depends  the  largeness  and  beauty  ot' 
the  candy.  In  this  state  it  is  left  Ibrtive 
or  six  days  exposed  to  a  heat  of  about 
95°  ;  when  it  is  taken  out  and  waslied 
with  lime-water.  Tins  takes  otf  the  mo- 
lasses from  the  outside  ;  hut  a  great  aiian- 
titv  is  combined  in  the  crystal,  and  the 
conseiiuenee  is,  that  candy  is  never  whiter 
than  the  siiirar  it  is  in:i(le  t'rom.  "VViien 
the  sUL'ar  luis  attained  the  gr:inul:ir  ^•tate 
in  the  coolers,  as  above  <k'scrilK'd,  it 
is  poured  into  eonieiil  enrthen  niotiKls, 
wliioh  have  been  f>revi()ii>ly  soake<l  a 
nJL'lit  in  water;  in  these  it  is  iiLMin  stirred, 
for  the  iiurposcofextrieatiiiL^  the  air-buh- 
bles,  wliieli  would  <^)tlier\\  ise  adiieit*  to 
tliC  surtai-e  an«l  render  it  ronixli  ;  when 
Huflieiently  eold,  the  loaves  are  earrie*!  to 
Home  of  the  nj)|>cr  lloors  of  tlie  ni:iniifac- 
tory,  and  the  pajK'r covers  heinir  ninnved 
from  their  point-*,  they  are  set  with  their 
broad  ends  iij^ward  upon  earthen  pots. 
The  first  portions  of  the  rKjiiid  molasses 
soon  run  <lo\vn,  and  leave  the  sii-rar  mneh 
whitened  by  the  scparati(»n  ;  afterwards. 
j>i)K'-elay  mixed  with  water  to  the  eon- 
^i>teney  of  eii-am  is  put  u]>on  the  base  of 
the  loaves  to  the  thickiie>s  of  about  an 
iiK'h  ;  the  w^ter  from  this  elay  tilter- 
throu_'h  the  loat",  and  (MrrvinLr  with  it  nil 
remaininL'  tiiiLTC  of'  mola^si-s,  runs  into 
the  pot,  the  el;iy  Ijeinir  of  no  other  ii-e 
than  to  retain  the  water  Jind  ]'revrnt  it;- 
too  rapid  percolation,  by  which  too  niii<li 


of  the  solid  suffar  would  be  diaeolTed. 

This  process,  ciDled  claying^  is  repeated 
four  or  five  times,  according  to  the  na- 
ture of  tlie  sugar  and  the  degree  to  which 
it  has  been  boiled.  When  the  loaves  are 
thus  cleansed  JVom  all  relics  of  color  they 
are  suffered  to  remain  some  time  for  the 
water  to  drain  off;  when  this  is  com- 
pleted, they  are  set  with  their  points  up- 
wards, when  all  remans  of  it  are  equnl- 
ly  diffused  throughout ;  thev  are  then 
store-dried  at  a  temperature  between  95 
and  100. 

Mr.  M.  Robinson  has  patented  some 
improvements  in  the  process  of  making 
ana  purifying  sugars.  He  applies  to  the 
juice  a  saturated  mixture  of  alum  and 
lime,  in  the  proportion  of  two  pounds  of 
the  mixture  to  a  hundred  gallons  of  the 
juice.  These  being  intimately  mixed, 
the  acid  is  to  be  neutralized  by  the  appli- 
cation of  milk  of  lime,  in  the' proportion 
of  three  pounds  to  a  hundred  gallons.  If 
there  be  an  excess  of  acid,  it  will  be  dis- 
covered by  the  application  of  the  test- 
paper  usually  employed  by  chemists  to 
detect  acids,  and  more  milk  of  lime  must 
be  added  :  and  if  there  be  an  excess  of 
alkali,  it  may  l>e  discovered  by  the  appli- 
cation of  the  test-paper  used  for  detcetme 
alkalies,  and  more  juice  must  be  added. 
When  the  mixture  ceases  to  affect  either 
the  test  lor  acid  or  alkali,  the  impurities 
will  be  precipitated,  and  may  thus  be 
separated  ;  and  the  juice  thus  puritied  is 
to  V)e  subjected  to  the  usual  mode  of  cla- 
ritication  and  concentration. 

Pure  raw  sugar  is  now  obtained  direct 
from  the  8n<j-ar-canc,  without  h.aving 
under^-one  any  subsequent  proi-ess  of 
decolorization  or  retininir,  prc|>arcd  by 
etfcctinfr  the  last  Ftaires  of  the  conecntra- 
tion  of  the  cane-juiee  in  a  vacuum,  at  r 
temperature  insiilheient  to  produce  any 
ehemiciil  changes  in  its  constituent  parts. 
By  this  improved  and  scientific  process 
of  mannfaclure,  no  molasses,  or  uncrys- 
talli/able  sugar  is  fonned,  and  there  is, 
hence,  an  increase  in  the  quantity  of  su- 
gar obtaineil  of  25  per  cent.  This  e?tab- 
lishes  the  fact,  that  molasses  is  not  an 
(</>/rt  of  the  ciine.  but  merely  a  j^roduot 
of  the  former  operation,  from  the  intense 
ard  lonir  continued  degree  of  heat  em- 
ployed in  the  jtrocesscs.  The  siiirur,  thus 
obtained,  is  in  perfect,  pure,  transparent, 
trranuliir  crystals,  developing  the  true 
cr^xtrilline  Ibrm  of  the  sugar,  and  being 
entirely  free  fiom  the  least  portion  of  uu- 
crystalli/abie  sugar  or  coloring  matter. 
The  new  |)roeess  is  now  in  complete  and 
.  hucee.-.sful  operation   in  eight  estates   in 
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Domerara.  From  the  reaulto  of  the  flrat 
trials,  tho  iiitrodaction  of  the  prc:«ent 
improved  process  cannot  ftul  Boon  to  be- 
come generul,  and  the  product  is  much 
upuroved  in  tho  Europetui  market. 

instead  of  open  kettles  and  pans,  high- 
pressure  steam,  and  vacuum  pnnfl  have 
Dcen  introduced,  producing  an  economy 
in  the  manufacture.  Different  forms  of 
Bteum  apparatus  are  used  in  ditferent 
piftccs— ouch  as  that  of  Derosne,  De- 
gnuid,  and  Z^licux. 

The  process  of  potting  sugar,  or  free- 
ing it  Irom  syrup  or  treacle,  (molasses,) 
as  pntctiaed  in  the  West  Indies  and  other 
countries,  consists  in  allowing  it  to  otand 
for  a  conbiderable  period  of  time  in  liogs- 
lieuds,  catAks,  or  cisterns,  having  holes 
bored  through  their  bottoms.  The  force 
of  gravity  causes  the  syrup  or  treacle 
gniclually  to  descend  through  the  sugar, 
and  escape  through  the  lioles  in  the  bot- 
tom of  the  hogsheads. 

In  order,  by  the  above  operation,  to 
expel  the  syrup  or  liqiiid  sutficiently  to 
render  the  sugar  fit  tor  market,  much 
time  is  necessarily  consumed.  Besides, 
largo  curing-houses,  as  they  are  termed, 
adupted  for  the  purpose  must  be  erected 
and  maintained.  An  improvement  made, 
consists  in  etl'ecting  tiio  separiitiou  of 
molasses,  by  a  machmeof  a  peculiar  con- 
struction, which  accomplishes  the  same 
through  the  agency  of  centrifugal  force. 

The  objects  of  boiling  and  evaporating 
jiiice  is  to  separate  extraneous  mattcra. 
The  addition  of  blood  and  lime  have  for 
their  object,  the  one  to  entangle,  tho 
other  to  neulrnlize  tho  thick  and  ucid 
impurities,  and  ultimately  separate  them 
from  the  syrup.  Charcoal  or  ivory  black 
is  used  to  remove  coloring  matter.  Dr. 
Sootlern's  new  proccus  dispenses  with  the 
use  of  lime  and  blood.  It  is  based  on 
the  affinity  of  oxide  of  lead  tor  coloring 
matter,  as  well  as  for  the  melacic  and 
other  aciils,  all  of  which  have  to  be  re- 
moved from  the  syrup.  Dr.  S.  heats  the 
syrup  2"50^  Fahr.,  ana  then  mixes  it  with 
subaecUttc  of  lead :  a  bulky  precipitate  of 
meiacitate  of  leati,  formed  with  svrup 
more  or  less  contaminated  with  lead, 
pa-sses  tlirough  the  filter.  This  lead  is 
then  sej)arated  in  the  Ibrm  of  an  insolu- 
l)le  sulphate  by  a  current  of  sulphurous 
aeid  sent  through  the  syrup,  Al\or  tho 
removal  of  tluj  metul  has  been  proved  bv 
the  ti'st  of  sulphuretted  hydroijen,  chalk 
is  adiled  to  neutralize  the  acetic  aeid, 
and  then  the  syrup  is  thus  sent  to  the 
vacuum  pan  fur  granulation. 

TJie  latest  improvement  in  the  purifl- 


oatioa  of  BUffar  is  that  of  M.  Melaens  of 
Belgium.  This  chemist  employs  acid 
sulphites,  more  especially  bi-sulphite  of 
lime,  for  the  double  purpose  of  prevent- 
ing fermentation  by  the  action  of  tlie 
suTphnrous  acid,  and  of  neutralizing  tlio 
sulphuric  acid  as  fast  as  it  is  ibnued  by 
means  of  the  lime.  Tho  results  are,  that 
bi-sulpliate  of  lime  can  be  employed  in 
the  extraction  of  sugar  as  an  antiseptic, 
preventing  the  production  and  action  of 
any  ferment — and  as  a  subsUuice  greedy 
of  oxygen  opposing  on  alteration  whicti 
its  action  on  the  juice  could  etfect.  It 
also  acts  as  a  clarijier^  coagulating  at  212° 
all  albuminous  and  other  coaguhible  mat- 
ters. It  also  bleaches  all  coloring  mat- 
ters, and  prevents  their  ai\er  formation ; 
and  it  is  alone  capable  of  neutnilizing 
any  acids  which  exist  or  may  be  formed 
in 'the  juice.  The  quantity  of  sugar 
wliich  is  now  lost  in  the  bagasse,  in  con- 
sequence of  the  impossibility  of  washing 
it  out  unchanged,  can  be  all  collected  by 
being  dissolved  in  water  charged  with  bi- 
Hulphnte  of  lime.  Both  M.  Melsens's  and 
Dr.  Scuftern's  processes  are  liable  to  ob- 
jections; but,  even  os  they  stand,  they 
arc  large  im[)rovements  in  the  manufac- 
ture. In  the  preparation  of  beet  sugar, 
bi-sulphatc  of  l#no  is  said  to  be  as  valu- 
able as  for  the  cunc.  In  this  manufac- 
ture, M.  Melsens  employs  a  solution  of 
bi-Bulphate  of  lime,  of  10°  Bcaume;  the 
beet-root  pulp  is  sprinkled  over  with  this 
solution  ;  24  parts  of  bi-sulphate  are  suf- 
ficient for  luo  parts  of  beet- root.  The 
aaceharine  solution  marking  7°  or  8° 
Beamne  when  it  comes  from  the  press, 
remains  iilmost  colorless  when  exposea 
to  the  air,  and  does  not  ferment.  It  ia 
then  heated,  without  any  further  addi- 
tion, up  to  100°  C.  and  as  soon  tu»  it 
boils,  it  is  run  otF  ana  filtered ;  the  limpid 
juice  is  then  evaporated  to  JJO"  Betmmo, — 
filtered  a  second  time,  concentrated  to 
the  required  degree,  and  then  set  aside 
to  crystallize. 

M*  Chevreul  states,  in  reference  to  the 
above  process,  that  tho  employment  ot 
sulphites  cannot  be  claimed  as  anew  dis- 
covery. M.  Laeostc,  in  IbOlt,  employed 
sulphurous  aeid  ;  luid  M.  Proust,  in  ISlO, 
the  sulphite  of  lime.  M.  de  Bournissac, 
a  prisoner  in  tho  fortress  of  Vincennes, 
was  set  at  liberty  in  consideration  of  his 
work  on  the  employment  of  these  hub- 
stances  in  the  manuVaelure  ofsuirar  from 
the  grape  :  and  MM.  Toulet  of  Marseilles, 
Serullas,  Dejardin,  and  Fourmer,  junr., 
of  2sismes,  have  published  ar-couuts  of 
their  researches  on  this  subject. 
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Process  ttf  M.  Dubrvnfaut, — M.  Dn- 
bmufiiut  employs  hydrate  of  baryta, 
which  (separHtes  the  sugar  from  the  prin- 
cipal part  of  tlie  salts  aud  foreign  matters 
contained  in  the  pulp;  the  insoluble 
saccharate  of  boryta  is  then  treated  with 
Bulpharic  acid,  and  a  perilsctly  pure  su- 
gar is  obtained. 

The  following  is  one  of  the  most  recent 
methods  for  the  manufacture  of  maple 
sugar  {see  Maple),  as  given  by  8. 
Tinker,  of  Richland,  Oswego  co.,  N.  Y. 
The  sap  is  boiled  in  a  [)otasu  and  caldron 
kettle  to  a  thick  syrup,  strain  it  when 
wnrni.  let  it  stand  24  hours  to  settle,  then 
pour  it  off,  heaving  back  all  that  is  im- 
pure. To  clarify  50  pounds,  take  a  quart, 
one  ounce  of  salemtus,  and  the  whites 
of  two  eggs  well  mixed.  Boil  it  ogain 
until  hard  enough  to  lay  upon  a  saucer, 
then  let  it  i«tand  in  the  kettle  till  cool ; 
stir  it  very  little,  to  keep  it  from  caking 
in  the  kettle,  or  draining,  use  a  tube  fun- 
nel-shaped, say  15  inches  square  at  the 
top,  coming  to  a  point  at  the  bottom. 
Put  in  the  sugar  when  cold,  tap  it  nt  the 
bottom,  and  keep  a  flannel  cloth  damp 
on  the  top  two  or  three  thicknesses. 
When  drained,  dissolve  the  sugar  in 
pure  warm  water  and  clarify,  and  drain 
It  OS  before.  It  is  ilnpo^«ib^e  to  estimate 
the  amount  of  muplu  sugar  produced. 
The  season  exercises  a  remarkable  in- 
fluence, and  the  increased  cutting  of  timber 
in  a  district  annmiliy  lessens  the  crop. 
The  low  price  of  imported  pugiir  also 
tends  to  keep  down  its  inanut'acturc. 

It  is  but  a  few  years  since  tiic  highest 
reach  of  art  in  this  numutacuire  produced 
only  u  fine  muscovado-like  sugar,  and  now, 
by  the  improved  proces>e>,  specimens 
are  annually  exhibiled  at  the  a«rricullural 
fairs,  vyiii^  with  liie  nuK-^t  beautiful  loaf 
sug^ar.  Tiiis  luw  been  ctleeled  by  great 
attention  to  cleanliness  in  the  prejiaiation 
of  the  sap,  and  in  the  processes  of  puriti- 
cution  and  graining. 

The  manufacture  of  sugar  from  h€et  de- 
serves more  attention  tiuni  it  has  received 
in  this  country.  It  is  in  France  only  {xee 
Bklt)  that  its  manufacture  has  been 
tried,  and  resulted  in  ultimate  success, 
so  iw  to  push  the  colonial  sugar  out  of  the 
market. 

In  Ireland,  the  manufacture  was  suc- 
cessful and  remunerating,  but  the  Kng- 
hsh  (ioveniTnenl  laid  on  a  heuvvduty,  in 
order  to  j)rotect  its  West  hulia  siipir, 
atid  thus  crushed  the  manufacture  from 
beet.  ^ 

In  France,  tliis  jrrowth  of  Deet  is  a  com- 
mon branch  of  husbandry,  and  sugar  is 


Dot  only  made  on  lai^  scales  by  the 
Dufacturera,  but  by  houi^ewivea  of  Uio 
fiurm-house,  oa  a  branch  of  domestic  eoo» 
nomy,  requiring  not  more  skill  or  troable 
than  cheese-maRing  or  brewing. 

The  beet-root  sugar-makers  on  a  lai^ 
scale  reflne  their  sugars,  aud  produce  su- 
gar which,  for  whiteness  and  beauty,  is 
unequallea  by  the  reflued  sugar  from 
West  India  sugar.  Bulk  for  bulk,  how- 
ever, the  refined  West  India  si^rsr  is 
sweeter  than  the  refined  beet-root  sugar ; 
but,  weight  for  weight,  thev  are  equally 
BweeU    A  lump  of  refined  beet-root  hu- 

f^ar  of  the  first  quality  is  lighter  than  a 
ump  of  equal  dimensions  of  refined  West 
India  sugar,  probably  because  it  is  more 

Cure  and  free  from  extraneous  matter; 
ut  a  pound  weight  of  beet-root  sugar 
ditfers  from  a  pound  weight  of  West  In- 
dia sugar  only  in  our  receiving  more  of 
these  lumps  in  our  pound  weight.  It  is, 
for  domestic  use,  even  more  economical. 
From  6  to  7  per  cent,  of  raw  or  Musco- 
vado sugar  ap|>ettr8  to  bo  the  usual  pro- 
duce from  a  given  weight  of  beet-ruots. 
From  a  given  weight  of  this  raw  sugar. 
40  per  cent,  of  the  finest  white  refined 
sugar,  with  16  per  cent,  of  inferior  re- 
fined sugar,  are  the  quuiitities  produced ; 
making  about  2  lbs.  4-5ths  weight  of  the 
finest  white  refined  sugar  f^om  every 
loo  lbs.  of  raw  beet-roots.  The  puip 
from  which  the  juice  is  extracted,  and 
the  other  residue  of  the  manufacture,  are 
used  for  feeding  cattle.  According  to 
M.  Chaptul,  the  value  of  the  molu»ses, 
]>ulp,  &c.  is  one-fourth  of  the  ex^tense  of 
the  niaiinfacturc.  It  is  a  promising  fea- 
ture of  the  manufacture,  that  it  is  linked 
with  the  ordinary  business  of  husbandrv 
— thai  it  operates  upon  a  known  root  cuf- 
tivated  for  feeding  cuttle,  and  that  the 
farmer,  whether  he  raises  beet-root  for 
feeding  cattle,  or  for  sale  to  the  sugnr- 
baker,  is  cultivating  a  green  crop,  which, 
in  his  ordinary  rotation  of  crops,  he 
would  at  any  nite  raise  on  a  part  of  his 
farm. 

The  beet  best  for  sugar  is  white  and 
yellow,  and  that  which  is  red  outside  and 
white  within.  It  thrives  best  in  mixed 
soils.  In  France  the  juice  is  expressed 
with  Burette's  or  OdoDcl's  rasps  for  po- 
tatoes and  beet.  Tin-rasps  with  holes 
answer  in  a  small  way,  but  the  al>ove 
'  rasps  arc  cylinders  armed  with  saws  and 
I  turned  In  machinery.  The  pulp  is  tlien 
put  in  hafr-*,  and  pressed,  }iclding  in 
juice  »■((>  or  7.')  per  cent,  of  the  wei^'hl  of 
the  raw  root.  It  produces  crystals  of  su- 
gar   and    bad-flavored    molasses,    from 
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which,  however,  good  rectified  spirits  are 
produced. 

Another  mode.-^Aft^r  the  roots  are  re- 
duced to  pulp  by  rasps,  it  is  placed  in 
bajTA  and  submitted  to  presses  which 
yield  from  65  to  80  per  cent,  of  juice  from 
the  pulp.  This  marks  from  5°  to  9°  of 
Beanme. 

It  contains  snpfar  in  crystals  and  mo- 
lassos  ;  alsOf  water,  leaven,  <fec.  It  may 
nt  once  be  set  to  ferment  with  its  own 
leaven,  and  it  works  well. 

An  hectare  (2-47  acres)  will  yield  80,000 
or  100,000  lbs.  of  beet-root,  costinpr  per 
1000  ib«.  about  5  or  6  francs ;  and  1000 Ids. 
yield  700  lbs.  of  juice  of  9°  gravity,  which, 
diluted  to  5°,  yield  7i  gallons  of  hue  spirit 
at  19°,  or  0*941  spec.  grav. 

There  is  even  more  advantage  from 
first  separating  tbc  sugar,  but  the  mo- 
lasses IS  impregnated  with  much  salt- 
petre, thongn  it  yields  more  spirit  than 
the  molasses  of  the  sugar-cane,  and  the 
flavor  is  very  pleasant.  Properly  treated 
by  fermenting,  22  gallons  of  syrnp  yield 
16  or  17  gallons  of  spirit  at  1*9°.  Some 
add  gniin  to  the  fermenting  solution. 
Dombasle  and  other  distillers  get  22  of 
spirit  from  22  of  the  beet-root  molasses. 

White  or  yellow  beet-root,  or  the  white 
inside  with  red  skins,  arc  the  best  for 
susrnr,  or  for  distillation. 

The  stem  and  leaves  of  the  common 
beet,  when  dried  and  hnmed,  yield  ashes 
so  rich  in  potass,  that  it  surpasses  many 
of  the  commercial  vftrieties. 

SUGAR  OF  LEAD,  properly  acetate 
of  Uatl^  is  prepared  by  dissolving  pure 
litharge,  with  heat,  in  strong  vinegar, 
made  of  nuilt,  wood,  or  wino,  till  the  acid 
bo  sat ti rated.  A  copper-boiler,  rendered 
necr.itively  electrical  by  solderinj?  a  strap 
of  lead  within  it,  is  the  best  ada]>ted  to 
this  process  on  the  irreat  scale.  '-Vlh  parts 
of  finely  (ground  and  sifted  oxide  of  lead, 
rc<|nire  r)7.'>  parts  ofstronir  acetic  ncid.  of 
specific  gravity  T^  Reaiime,  for  neutrtliza- 
tion,  and  ntford  9R0  parts  of  crv>tallized 
suirar  of  lead.  The  oxide  sjiould  be 
gra<lnally  sprinkled  into  the  moderately 
hot  vinegar,  with  constant  stirrinjj,  to 
prevent  adhesion  to  the  bottom ;  and 
when  the  proper  quantity  is  dissolved, 
the  solution  may  be  \vcakcne<l  with  some 
of  the  waMhinifs  of  a  preccdina-  y)rocess, 
to  dilute  the  acetate,  after  which  the 
whole  should  be  heated  to  the  boiling 
poipt,  and  nllowed  to  conl  slowlv,  in  or- 
der to  'Settle.  Tiie  limpid  solution  is  to 
be  (Irawti  r»tF  by  a  syphon,  concentrated 
by  boilinjf  to  ihir  density  of  32°  B.,  tak- 
ing care  that  there  be  always  a  faint  ox- 


oess  of  acid,  to  prevent  the  possibility  of 
any  basic  salt  being  formed,  which  would 
interfere  with  the  fonnation  of  regular 
crystals.  Should  the  concentrated  liquor 
be  colored,  it  may  be  whitened  .by  filtra- 
tion through  granular  bone  black. 

Stoneware  vessels,  with  salt  glaze,  an- 
swer for  crystallizers.  Their  edges  should 
be  smeared  with  oandle-grease,  to  pre- 
vent the  salt  creeping  over  them  by 
efflorescent  vegetatwn.  The  crystals  are 
drained,  and  dried  in  a  stove-room  very 
slightly  heated.  Linen,  mats,  wood,  and 
paper,  imbued  with  sugar  of  lead,  and 
stronglv  dried,  readilv  take  fire,  and  bum 
away  like  tinder,  w  hen  the  mother  wa- 
ters cease  to  afibrd  good  crystals,  they 
should  be  decornpoHed  by  carbonate  of 
soda,  or  by  lime  skilfully  applied,  when 
a  carbonate  or  an  oxide  will  be  obtained, 
fit  for  treating  with  fresh  vinegar.  The 
supernatant  acetate  of  soda  may  be  em- 
ploved  for  the  extraction  of  pure  acetio 
acid. 

Acetate  of  lend  is  much  used  in  calico- 
printing.  It  is  poisonous,  and  ought  to 
DC  prepared  ana  handled  with  attention 
to  tnis  circumstance. 

There  are  two  subacetates  of  lead ;  the 
first  of  which,  the  ter-subacetate,  has 
three  atoms  of  base  to  one  of  acid,  and  is 
the  substance  long  known  by  the  name 
ot  d  oulard's  extract.  It  mav  be  obtained 
by  digesting  with  heat  a  solution  of  the 
neutral  acetate,  upon  pure  litharge  or 
massicot.  The  solution  affords  white 
crystalline  scales,  which  do  not  taste  so 
sweet  as  sugar  of  lead,  dissolve  in  not  less 
than  30  parfc*  of  water,  are  insoluble  in 
alcohol,  and  have  a  decided  alkaline  re- 
action upon  tc^t  paper.  Carbonic  acid, 
transmitted  through  the  solution,  preci- 
pitates the  excess  of  the  oxide  of  lead  in 
the  state  of  a  carbonate,  a  process  long 
ago  prescrib'xl  by  Thenard  for  making 
white-lead.  This  subacctate  consists  of 
,SS-t)»)  of  oxide,  and  13-34  acid,  in  100  parts. 
It  is  Bjnployed  for  making  the  orange 
sub-chroniate  of  lead,  us  also  sometimes 
in  surirery. 

SULI'HATE,  is  a  name  given  to  a  salt 
composed  of  sulphuric  acid  united  to  a 
metallic  oxide. 

SULPHATE  OF  ALUMINA  AND 
POTASSA.     r^V/'ALUM.) 

SL'LPH.\TE  OF  AMMONIA,  is  a  salt 
sometimes  forrnetl  by  saturating  the  am- 
nioiiiii  111  I  nor  of  the  iras-works  with  sul- 
phuric acid  ;  and  it  is  cmiiloyed  for  mak- 
ing ciirboruite  of  ammonia.  (.Sv  Ammo- 
NiK  and  (iAS  Coal  MANrKAcrrRE.) 

SULPHATE   OF    BARYTA,    is  tho 
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mineral  called  heavy-spar,  which  fre- 
qaently  forma  the  gan^ue  or  vein-stone 
of  lead  and  other  melullic  ores. 

SULPHATE  OF  COPPER,  Homan  or 
Hue  vUf^hly  ia  a  salt  composed  of  sul- 
phuric acid  and  oxide  of  copper,  and  may 
oe  formed  by  boiling  the  concentrated 
acid  upon  the  met^l,  in  an  iron  pot.  It 
is,  however,  a  natural  product  of  many 
copper  mines,  from  which  it  flows  out  in 
tlie  form  of  a  blue  water,  being  the  result 
of  the  infiltration  of  water  over  copper 

Ey rites,  which  has  become  oxygenated 
y  long  exposure  to  the  air  in  subter- 
ranean excavations.  The  liquid,  is  con- 
centrated by  heat  in  copper  vessels,  then 
set  aside  to  crystallize.  The  salt  forms 
in  obliaue  four-sided  tables,  of  a  fine  blue 
color;  luis  a  specific  gravity  of  2-104;  an 
acerb,  disagreeable,  metallic  taste  ;  and, 
when  swallowed,  it  causes  violent  vomit- 
injj.  It  becomes  of  a  pule  dirty  blue,  and 
effloresces  slightly,  on  long  exposure  to 
the  air;  when  moderately  liGatc'd,  it  loses 
36  per  cent,  of  water,  and  f;ills  into  a 
white  powder.  It  dissolves  in  4  parts  of 
water,  at  60'=',  and  in  2  of  boiling  water, 
but  not  in  alcohol ;  the  solution  has  an 
acid  reaction  upon  litmus  paper.  When 
strongly  ignitca,  the  acid  flic:*  ofl*,  and  the 
black  oxide  of  copper  remains.  The  con- 
stituents of  crystallized  sulphate  of  cop- 
per ore — oxide,  31-80;  noid,  32-14;  and 
water,  36-06.  Its  chief  emplovment  in 
this  country  is  in  dyeiuij.  anJ  for  pre- 
paring eertain  green  pigments.  ( Scr 
f^ruEELK's  and  Schweinfukth  Green.) 
Farmers  sprinkle  a  weak  solutiiMi  of  it 
upon  tlu'ir  grains  and  seodH  holore  sow- 
ing them,  to  prevent  tlieir  being  attacked 
by  l>irds  and  insects. 

'SULPHATE  OF  IROX.  G/y^n  vi- 
triol^ copperas.  Names  tjiveJi  to  tlie  coin- 
binulion  of  sulphuric  acid  with  prot<.)xi(le 
of  iron.     It  is  nuule  up — 

1  Ecuiiviilriit  siilphnnr  aci-l 40 

1  I'qiiiv.ilciii  protoxulc  irun •,??^ 

7  Eijuivaleuid  of  water O'i 

III 

It  is  trenenilly  made  t'nnn  the  bitnmln- 
OUH  siuiU's  of  ur  near  the  coal  l)t;ds.  The 
siialcs  of  the  inidlaiid  counties  <>f  New 
York  atfonl  the  materials  lormakiiiL'  sul- 
]»hate  of  iron;  and  in  the  coal  ictrions 
aloiiL:  the  slope  of  the  .\]lc-.'iiani»'S  it  is 
I'oiind  al)untlantly,  antl  is  luiind  crynial- 
li/cd  in  t-astcrn  Tcnc,->see. 

Siilj)liate  of  iron  is  L't-ncrally  ni.'ulo  fi"oin 
combinations  of  irun  with  brimstone, 
called  irun  pyrites,  or,  iti  connnon  lan- 
guage, copperas  stones,  gold  stones,  or 


horse  gold.    These  stones  being  oonect«d 
in  great  quantity,  arc  laid  in  heap;«  al«oat 
two  feet  thick,  upon  a  clay  floor,  sur- 
rounded by  boards,  that  direct  the  rain- 
water that  falls  upon  them,  to  flow  into  a 
cistern.    The  copperas-stones  arc  five  or 
six  years  before  they  yield  any  consider- 
able quantity  of  strong  liquor.     In  time^ 
the  stones  turn  to  a  vitriolic  earth,  which 
swells  and  ferments  like  leavened  dou^rh. 
When  a  bed  is  come  to  perfection,  it  is 
refreshed  every  four  years,   by  laying 
fresh  copperas-stones  on  the  top.     When 
a  new  bed  is  made,  the  work  is  hastened 
by  mixing  a  good  quantity  of  the  old  fer- 
mented earth  with  the  new  stones. 

When  the  copperas-liquor  is  14  peunv- 
weights  stronjj  it  is  esteemed  rich.  It 
will  dis.solve  the  shell  oflf  an  ef^;^  in  throe 
minutes,  and  produce  %oles  in  any  clothes 
on  which  it  may  fall. 

The  liquor  is  boiled  in  leaden  vessels, 
old  iron  is  put  in  at  first,  and  more  adtled 
as  fast  as  it  dissolves.  The  boiling  is 
esteemed  finished  when  a  little  of  the  li- 
quor, put  into  im  earthen-ware  dish,  and 
cooled,  deposits  crystals  on  the  sides. 

In  some  works,  iron  is  added  to  the 
liquor  in  the  cistern  ;  and,  of  course,  less 
is  required  in  the  boiling.  There  is  an«> 
ther  kind  of  pyrites,  which  contains  a 
double  proportion  of  sulphur;  this  sort 
does  not  alter  by  exposure  to  the  weather, 
until  the  extra  proportion  of  sulphur  is 
removed,  either  by  roasting  in  P''<^«S  ^^ 
by  distilling  in  close  vessels.  There  is 
also  a  kind  of  bituminous  earth,  that  pr3- 
diiccs  copperas  bv  exposure  to  the  air, 
and  from  which  it  may  be  obUiined  by 
washing  with  water  in  the  usual  m:umer. 
Copperas  is  also  manufactured  by  dis- 
solvin-^  old  iron  in  weak  sulphuric  a«.*id, 
j  at  oo^  Beaume,  and  erystiillizing  the  solu- 
tion. 

Its  color  is  a  bright  green,  and  its  taste 
very  astringent.  A  solution  in  water, 
dropped  on  oak  bark,  instantly  produces 
a  l>lack  spot.  It  is  in  request  with  dyers, 
tanners,  and  the  inanulacturers  of  ink, 
and,  fur  their  use,  is  artificially  prepared 
fnmi  pyrites,  which  being  moistened  and 
cxpostd  to  the  air  a  crust  is  formed  upon 
it,  to  be  dissolved  in  water,  and,  from 
this,  crvstals  of  vitriol  are  obtaincil  bv 
evaporation.  (Jrcn  vitriol  is  used  in 
dyiuLT  wor.lli'ii  articles,  hats,  Szc,  blaek, 
ani]  it  is  the  l^a^i-^  of  ink,  and  used  in  the 
tnannl'iK'tnre  of  Prussian  bhic.  Kedueed 
to  powder,  drie<l,  and  inixC'l  wit li  pow- 
ilcr  ol'iralls,  it  lonns  the  dry,  portable  ink- 
cakes  and  powders. 

le  green  sulphate  is  exposed 


iices  and  i 
When   tl 


«ul] 


CTCLOPSDIA  OF  THB  U8BFUL  ARTS. 


G2S 


to  the  air  it  is  decomposed,  and  grednally 
converted  into  red  oxide  of  iron  and  per- 
sulphate of  iron.  When  coppenw  is 
heated  in  a  crucible,  or  over  a  lamp,  it  is 
converted  into  the  red  oxide  or  peroxide 
of  iron. 

An  excellent  powder  for  applyini?  to 
razor-strops,  is  made  by  igniting  toiyrcther 
in  a  crucible  equal  parts  of  well-dried 
copperas  and  sea  salt.  The  heat  must  be 
slowly  raised  and  well  regulated,  other- 
wise the  mateiials  will  boil  over  in  a  pasty 
Htatc,  and  the  product  will  be  in  a  great 
uiensure  lost.  When  well  made,  out  of 
eoiiUict  of  air,  it  has  the  brilliant  aspect 
of  plumbago.  It  has  a  satiny  feel,  and  is 
a  true  ftr  oleyisU^  similar  in  composition 
to  the  Elba  iron  ore.  It  requires  to  be 
ground  and  elutriated ;  after  which  it 
affords,  on  drying,  an  impalpable  pow- 
der, that  may  l>e  either  rubbed  on  a  strop 
of  smooth  biiff  leather,  or  mixed  up  witn 
hog's-lard  or  tallow  into  a  stitf  cerate. 

SULPHATE  OF  MANGANESE  is 
prepared  on  the  great  sonle  for  the  calico- 
printers,  by  exposing  the  peroxide  ot  the 
metal  and  pitcoal  ground  toucther,  and 
made  into  a  pas»to  with  sulphuric  acid,  to 
a  heat  of  400*^  F.  On  lixiviating  the  cal- 
cined mass,  a  solution  of  the  salt  is  ob- 
tained, which  is  to  be  emigrated  and 
crvstallized.  It  forms  pale  amethyst- 
colored  prisms,  which  have  an  astringent 
bitter  taste,  dissolve  in  24  parts  of  water, 
anrl  consist  of — protoxide  of  manganese 
8l'li3,  sulphuric  acid  85-S7,  and  water 
3'2-20,  in  100  parts. 

SULrilATE  OF  MERCURY  is  a 
white  salt  which  is  used  in  making  cor- 
rosive sublimate.  (Xv  MKiirrRv. )  The 
HuVjsuIplmtc,  called  turhKk  mirn'mfy  is  a 
pnle  yellow  pigment,  and  may  be  pre- 
pared by  wa.^liing  the  white  sulpiuitcd 
jHToxide  with  hot  water,  which  resolves 
it  into  the  soluble  supcrsulpliato,  and  the 
insoluble  subsulphatc,  or  turlnth.     It  is 

l>oisoiiOUS. 

SULPHATE  OF  ZINC,  called  also 
irldtt'  ntriif,  is  oornnioiily  ]»roj»ared  in 
tlio  llnrz,  !»y  wfishing  the  cakincd  and 
elll«tres<'e<l  sulpliuret  of  zine  or  bk-txle, 
on  the  same  priiicijile  as  green  and  blue 
vitriol  are  ol»tained  from  the  sulplinrets 
of  iron  and  copjver.  J'uro  sulpliate  ot* 
zine  inav  bo  n\ade  most  readily  bv  dis- 
solving  the  metal  in  diliiti;  >uli.hnric 
aci<l,  evaj)orating  and  erNstnUi/ini;  the 
solution.  It  f'oniis  prismatic  er\>ta!s, 
whioh  have  an  astrinircnt,  di^au'reeablc, 
melalli<!  taste;  they  etlloresee  in  a  dry 
air,  di>solve  in  '2'^>  parts  of  water  iit  Oo^, 
and  eonsjist  of—  oxi'le  of  zinc.  ^JS-29  :  n«'id. 


28*18 ;  water,  48-58.  Sulphate  of  zuic  is 
used  for  preparing  drying  oils  for  var- 
nishes, and  in  the  reserve  or  resist  pastes 
of  the  calico-printer. 

SULPHITES  are  a  class  of  salts,  con- 
sisting of  sulphurous  acid,  combined  in 
equivalent  proportions  with  the  oxidized 

SULPHUR.  BrirruftoM.  A  yellow 
brittle  mineral  product,  found  in  various 
parts  of  the  world ;  but  apparently  most 
abundant  in  volcanic  regions.  It  most 
commonly  occurs  massive;  but  it  is 
sometimes  met  with  crystallized  in  the 
form  of  an  oblique  rhombic  octocdron. 
Fine  specimens  of  this  description  are 
seen  in  our  mineral  cabinets,  and  bear  a 
high  price.  A  considerable  quantity  of 
sulphur  is  also  obtained  from  .some  ot'its 
metallic  combinations,  such  as  the  sul- 
phurct^s  of  coijpcr  and  of  iron.  These 
ores  are  heated,  or  roasted,  as  it  is  term- 
ed, in  furnaces  so  constructed  that  the 
sulphur  vupor  may  be  condensed,  and 
from  time  to  time  collected:  this,  when 
puriiied  by  fusion,  is  cast  into  moulds, 
and  forms  common  or  roll  brimstone. 
Small  quantities  of  sulphur  also  occur  in 
several  animal  and  vegetable  products, 
and  are  frequently  recognized  by  the  odor 
of  sulphuretted  hydrogen  which  they 
evolve  during  putrefaction.  Sulphur  is 
a  non-eonduetor  of  electricity,  msipid, 
and  inodorous,  unless  rubbed  or  heated, 
when  it  evolves  a  sulphurous  smell.  Its 
specific  gravity  is  1-1*9.  It  melts  at  about 
216®  ;  and  wh'cn  heated  to  about  250''  it 
becomes  a  limpid,  amber-colored  liquid  ; 
if  the  heat  be  raised  to  about  450*,  it 
again  becomes  viscid  and  deeper  colored ; 
at  4S0''  up  to  its  boiling  point  it  acquires 
rather  more  fluidity;  at  abont  600*'  it 
rises  rapidly  in  vanor,  and  in  close  ves- 
sels condenses  in  tnc  form  of  a  fine  yel- 
low powilcr,  composed  of  crvstallino 
grains  :  in  this  state  it  is  culled ^oKYr*  of 
Mu.'j'/i{/r.  The  earthy  and  nie'tallie  im- 
purities whieh,  with  a  poiHon  f>f  sulphur, 
remain  in  the  fluldiniing  ves?>el,  were  for- 
merly I'iilled  Kulphiir  iivum.  When  sul- 
phur in  its  viseid  state  of  fusion  is  pour- 
ed into  water  it  beeomes  a  duetile  mass, 
wliieh  slowly  hardens,  and  whieh  is  often 
used  tor  takiiiif  impres.sioiis  of  seals  and 
nictlals.  When  suljdiur  is  in  the  tbrm  of 
vapor  it  is  of  a  deii>-o  oraiure  eol(»r :  its 
s).<Mifi('  gravity  in  that  state  is  about  6-B 
and  loo  eul'ie  inehes  of  it  should  there- 
fore weiuh  ahout  i'<";  L'raiiis. 

There  is  another  form  of  sulphur,  which 
is  soriietiiues  ealled  tnt/l'  of  sulphur  (lao 
sulphurirtj  and  whioh  is  a  rti/tiraU  of  aul^ 
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fihur;  it  is  obtained  hj  predpitsting  snl- 
phur  by  muriatic  acid  from  certain  of  its 
alkaline  solations.  When  salpbar  which 
has  been  melted  i^  suffered  to  cool  slow- 
ly, itM  interior  often  exhibits  prismatic 
crystals :  and  very  beautifViI  specimens  of 
this  artificial  crv»taUizatioD  of  sulphur 
may  be  obtained  \>y  melting  a  few  pounds 
of  it  in  a  crucible  or  ladle,  and  when  par- 
tially cooled  piercing  the  outer  cmst  and 
inverting  the  vessel,  so  that  the  interior 
liquid  part  may  run  out;  on  breaking 
the  mans  when  cold,  the  cavity  will  be 
found  lined  with  prij«mntic  crvRtals. 

The  results  of  the  combustion  of  sul- 
phur, its  equivalent  number  (16),  and 
several  other  details  respecting  its  com- 
binations and  uties,  are  given  under  the 
heads  of  Sulpituiietted  Hydrogen,  and 
of  Sulphuric  and  Sulphxhious  Acids. 

Sulphur  is  insoluble  in  water ;  it  dis- 
solves in  boiling  oil  of  turpentine,  snd  is 
deposited  often  in  crvstnls  as  the  sohition 
cools.  It  is  also  soluble  in  alcohol,  if 
both  substances  be  bronght  together  in 
the  state  of  vapor.  It  combines*  also  with 
chlorine,  bromine,  and  iodine.  Its  na- 
tive combinations  with  the  metals  form 
some  of  the  mont  important  ores.  It  is 
fVom  the  sulphnrctsorlend  and  of  copper 
that  the  commercial  demands  for  tnese 
valuable  metals  are  almost  exclusively 
supplied. 

Sulphur  is  of  great  importance  in  the 
arts.  It  is  used  extensivelv  in  tlie  ma- 
nufrtcture  of  sninpowdcr,  sn^  in  the  for- 
mation of  sulphuric  acid,  or  oil  of  vitriol. 

A  great  portion  of  the  sulphur  em- 
ployed in  Europe  is  obtained  fVom  Sicily, 
to  which  country  its  extraction  is  so  impor- 
tant, Ihnt,  out  of  2,000,000  inhabitants, 
about  20,000  are  employed  in  it ;  and  the 
amount  received  l)y  Sicily  for  sulphur 
exported,  amounts  to  $1,830,000  per  an- 
num. 

There  are  no  minerals,  containinf?  pure 
sulphur,  found  in  the  United  States  ;  at 
least,  not  in  sufficieiit  quantity  to  be  of 
practical  use.  The  chief  sources  from 
which  sulphur  can  be  ol>tainod,  are  the 
Bulphurets  of  the  metals,  wliioh  we  pos- 
sess in  great  abundance.  Suljiluir  may 
be  extracted  from  iron  pyrites,  by  simple 
distillation  in  iron  or  stone,  when  tliey 
yield  one  half  the  suli»hnr  they  can  con- 
tain ;  the  remainder,  sulphuret  of  iron, 
is  easily  converted  into  e(>p|iera<.  Al- 
most the  whole  of  the  cruue  sulpluir  of 
this  cr)untrv  is  imj>ortcd  fnnn  Kiiropc. 

Sulpliur  exifts  in  niitnre  not  only  in 
tlie  mineral,  hut  most  aV)nndai)tly  in  the 
vegetable     kingdom    also  :     without    it 


plants  could  not  exist ;  Ibr  there  is  no 

plant  in  which  albomen  is  not  found,  and 
to  the  existence  of  albumen,  sulphur  is 
an  indispensable  requisite.  In  the  ani- 
mal kinjgdom,  too,  sulphur  exists  in  laiige 
quantities; 

SULPHURATION,  is  the  process  by 
which  woollen,  silk,  and  cotton  goods  are 
exposed  to  the  vapors  of  burning  sul- 
phur, or  to  sulphurous  acid  gas.  In  the 
article  Stbaw-hat  Manitfactuiix,  this 
operation  has  been  referred  to. 

Sulpharing-rooms  are  sometimes  con- 
structed upon  a  great  scale,  in  which 
blankets,  shawls,  and  woollen  clothes  may 
be  suspended  fV«ely  upon  poles  or  cords. 
The  floor  is  f  agyred  with  a  sloping  pave- 
ment, to  favor  the  drainage  of^  the  water 
that  drops  from  the  moistened  cloth. 
The  iron  or  stoneware  vessels,  in  which 
the  sulphur  is  burned,  are  set  in  the  cor- 
ners oi  the  apartment.  The  windows 
and  the  entrance  door  must  be  made  to 
shut  hermetically  close.  In  the  lower  part 
of  the  door  there  should  be  a  small  open- 
ing, with  a  sliding  shutter,  which  may 
be  raised  or  lowered  by  the  mechanism 
of  a  cord  passing  over  a  pully. 

The  aperture  by  which  the  sulphurous 
acid  and  azotic  gases  are  let  off,  m  order 
to  carry  on  the  combustion,  should  be 
somewhat  larger  than  the  opening  at  the 
bottom.  A  lofty  chimney  carries  the 
noxious  gases  above  the  building,  and 
difl^'uscs  them  over  a  wide  space. 

When  the  chamber  is  to  oe  used,  the 
goods  are  hung  up,  and  a  small  fire  is 
made  in  the  draugnt-stove.  The  proper 
Quantitv  of  sulphur  being  next  put  into 
tlic  shallow  pans,  it  is  kindled,  the  en- 
trance door  IS  closed,  as  well  as  its  shut- 
ter, wliile  a  vent-hole  near  the  ground  is 
oj>encd  by  drawing  its  cord,  which  passes 
over  a  pnllcv.  After  a  few  minutes, 
wlien  the  sulphur  is  fully  kindled,  that 
vent-hole  mnt^t  be  almost  entirely  shut, 
by  relaxing  the  cord ;  when  the  whole 
apparatus  is  to  be  let  alone  for  a  sufficient 
time. 

The  object  of  the  preceding  precautions 
is  to  prevent  the  sulphurous  acid  gas 
escapincr.  This  is  secured  by  closing  the 
door  imperfectly,  so  that  it  may  admit  of 
the  passage  of  somewhat  more  air  than 
can  enter  by  the  up]M?r  seams,  and  the 
sniallest  (juantity  of  fresh  air  that  can 
snpp()rt  the  combustion. 

SULPIIVKETTEI)  HYDROGEN,  is  a 

gas,  composed  of  one  part  of  hydrogen 

and  sixteen  parts  of  sulphur,  by  weijrht. 

,  Its  speoifii-  gravity  is  1-1912,  compared  to 

I  air  =1-0000.    It  i's  the  active  constituent 
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of  tho  BiilphiirouB  mineral  waters.  When 
breathed,  it  is  very  deleterious  to  animal 
lite  ;  aud  being  nearly  twice  as  dense  as 
air,  it  may  be  poured  from  its  generating 
bottle  into  cavities ;  a  scheme  suoceBs- 
fnll y  employed  by  M.  Thenard  to  destroy 
rut/  in  tneif  holes. 

SULPHURIC  ACID.  The  most  im- 
portant compound  of  sulphur  with  oxy- 
gen. It  occurs  native  in  volcanic  dis- 
tricts in  equatorial  Asia,  and  in  Italy  and 
Sicily,  and  occasionally  m  springp,  where 
there  is  organic  matter  brought  into  con- 
tact with  a  ferruginous  sulphate:  this 
occurs  in  some  of  the  springs  of  western 
New  York.  When  pure  or  anhydrous 
(without  water)  it  consists  of  an  equiva- 
lent of  sulphur  united  with  three  equi- 
valents of  oxvgen,  but  it  is  never  known 
except  as  a  "hydrated  acid.  The  manu- 
factories where  it  is  made  require  large 
room,  and  entail  great  expense  for  the 
purchase  of  platinum  stills.  The  manu- 
facture is  but  small  in  this  country ;  the 
greater  portion  being  derived  from  Eng- 
land, or  which  there  are  50,000  tons  an- 
nually made. 

Hydratod  sulphuric  acid  has  been  known 
since  the  fitleenth  century.  ^ There  are 
two  distinct  processes  by  which  it  is  at 
the  present  time  prepared,  namely,  by 
the  distillation  of  icfrecn  sulphate  ol  iron, 
and  by  the  oxidation  of  sulphurous  acid 
b\  nitrous  acid. 

*  The  first  process  is  still  carried  on  at 
Nordhausen  in  Saxony ;  the  sulphate  of 
iron,  derived  from  tho  oxidation  of  iron 
pyrites,  is  deprived  by  heat  of  the  greater 
part  of  its  water  of  crystallization,  and 
subjected  to  a  high  red  heat  in  earthen 
retorts,  to  which  receivers  nre  fitted  as 
soon  as  the  acid  begins  to  distil  over.  A 
piirt  tjets  decomposed  by  the  very  high 
tcinperulure  ;  the  remaiiulor  is  driven  otf 
in  vupor,  which  is  condensed  by  the  cold 
vessil.  The  product  is  a  brown  oily  li- 
(juid,  ofalxiut  1 -0 specific i^ravily,  fuming 
in  the  air,  and  very  corrosive.  It  is 
chicrty  nnule  for  the  purpose  of  dissolv- 
ini;  indigo. 

Nitrojren 


Nitrous  acid 


I   >itro(rei 
J   Oxygen 


The  second  method,  which  is  perhaps, 
with  the  single  exception  mentioned,  al- 
ways followed  as  the  more  economical, 
depends  upon  tho  fact  that  when  sul- 
phurous acid,  nitrous  acid,  and  water  are 
present  in  certain  proportions,  the  sul- 
phurous acid  becomes  oxidized  at  the  ex- 
{>ense  of  the  nitroua  acid,  which  by  the 
OSS  of  one-half  of  its  oxygen  sinks  to  the 
condition  of  deatoxide  of  nitrogen.  The 
operation  is  thus  conducted : — A  large 
aud  very  long  chamber  is  built  of  sheet- 
lead  supported  by  timber  framing;  on 
the  outside  at  one  extremity  a  small  ftir- 
nace  or  oven  is  oonstnioted,  having  a 
wide  tube  leading  into  the  chamber.  In 
this  sulphur  is  kept  burning,  the  flame 
of  which  heats  a  cnicible  containing  a 
mixture  of  nitre  and  oil  of  vitriol.  A 
shallow  stratum  of  water  occupies  the 
floor  of  the  chamber,  and  sometimes  a  jet 
of  steam  is  also  introduced.  Lastly,  an 
exit  is  provided  at  the  remote  end  of  the 
chamber  for  the  spent  and  useless  gases. 
The  efi'ect  of  these  arrangements  is  to 
cause  a  constant  supply  of  sulphurous 
acid,  atmospheric  air,  nitric  acid  vapor, 
and  water  in  the  state  of  steam,  to  be 
thrown  into  the  chamber,  there  to  mix 
and  re-act  upon  each  other.  The  nitric 
acid  immediately  gives  up  a  part  of  its 
oxygen  to  the  sulpliurous  acid,  becoming 
nitrous ;  it  does  not  remain  in  this  state, 
however,  but  sufifers  further  de-oxidation 
until  it  becomes  reduced  to  deutoxide  of 
nitrogen.  That  su  bstance  in  contact  with 
free  oxygen,  absorbs  a  portion  of  the  lat- 
ter, anci  once  more  becomes  nitrous  add, 
which  is  again  destined  to  undergo  a  de- 
oxidation  by  a  fresh  quantity  of  sulphur- 
ous acid.  A  very  small  portion  of  nitrous 
acid,  mixed  with  atmospheric  air  and  sal- 
pliurous  acid,  may  thus  in  time  convert 
un  indefinite  amount  of  tho  latter  into 
sulphuric  acid,  by  acting  as  a  kind  of  car- 
rier between  tho  oxvgen  of  the  air  and 
the  sulphurous  acitl.  The  presence  of 
water  is  essential  to  this  re-action. 

We  may  thus  represent  the  change: — 


Deutoxide  of  Nitrogen  80-06. 


Sulphurous  acid    \   Sulphur 
r>4l8  "j   ()x>gt'n 

Water    .        .        .        .'        .     IS  - 

Suoh  is  the  simplest  view  that  can  bo 
taken  ot'tlie  ]>r(Hluctii>n  ot'sulpliurio  acid 
in  the  leaden  eh-iuilier.  hiif  it  is  too  iniieh 
to  atliriu  that  it.  is  striellv  true;  it  nmv 
be  more  complex.     When  a  little  water 

27 


Ilydratcd  Sulphuric  acid  9S'18. 

is  ]>ut  at  the  bottom  of  a  large  glass  elobe 
so  as  to  maintain  a  certain  ileL'ree  of  hu- 
niiilily  in  the  air  within,  and  sulphurous 
ami  nitrous  aeids  aro  introduced  hv  se- 
parate tubes,  sunptonis  of  cheniiciil  ac- 
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tion  become  immedjately  evident,  and 
after  a  little  time,  a  white  crystalline  mat- 
ter is  observed  to  condense  on  the  sides 
of  the  vessel.  This  sabetanoe  appears  to 
be  a  compound  of  sulphuric  add,  hypon- 
itrous  acid,  and  a  little  water.  When 
thrown  into  water,  it  is  resolved  into 
sulphuric  add.  deutoxide  of  nitr(^en, 
ana  nitric  acid.  This  curious  body  is 
certainly  very  often  produced  in  ]&Tge 
Quantity  in  the  leaden  chambers,  but 
that  its  production  is  indispensable  to 
the  success  of  the  process,  and  constant 
when  the  operation  |roes  on  well  and  the 
nitrous  acia  is  not  in  excess,  may  per- 
haps admit  of  doubt. 

The  water  at  the  bottom  of  the  cham- 
ber thus  becomes  loaded  with  sulphuric 
acid ;  when  a  certain  degree  of  strength 
has  been  reached,  it  is  drawn  off  and  con- 
centrated bv  evaporation^  first  in  leaden 
pans,  and  afterwards  in  stills  of  platinum, 
until  it  attains  a  density  (when  cold)  of 
1*84,  or  thereabouts ;  it  is  then  transferred 
to  carboys,  or  large  glass  bottles  fitted  in 
basketii,'  for  sale.  An  inferior  kind  of 
acid  is  now  matle  by  burning  iron  pyrites, 
or  poor  copper  ore,  us  a  substitute  for  Si- 
cilian sulphur;  this  is  chiefiy  used  by 
the  makers  for  their  own  consumption ; 
it  very  frecjuently  contains  arsenic. 

Sulphuric  acid  is  a  limpid  colorless 
fluid,  of  a  spec.  grav.  of  1-8.  It  boils  at 
620°  ;  it  freezes  at  15°.  But  the  temper- 
ature at  which  the  diluted  acid  contrcals 
is  singularlv  modified  by  the  quantity  of 
water  whicfi  it  contains.  When  of  the 
spec.  grav.  of  1'78  (which  may  be  regard- 
ed as  a  compound  of  1  atom  of  dry  acid 
and  2  of  water),  it  freezes  at  40*^,  and  re- 
mains solid  for  a  long  time  at  several  de- 
grees above  that  point :  if  the  density  be 
either  diminished  or  increased,  a  greater 
cold  is  r«quired  to  congeal  it. 

It  is  acrid  and  Ciiustic,  and  intensely 
acid  in  all  its  characters,  even  when 
largelv  diluted.  Its  attractions  for  bases 
is  such  that  it  separates  or  expels  all  other 
acids  more  or  less  perfectly  from  their 
combinations.  Its  iit!inity  for  water  is 
such  that  it  rapidly  a}>sorbs  it  from  the 
atmosphere,  and  when  mixed  with  water 
much  lieut  is  evolved;  thus  by  Hiuldenly 
mixing  4  parts  of  the  acid  and  1  of  water 
at  60  ,  the  temperature  rises  to  oikk. 
Its  attraction  for  water  also  causes  tlie 
sudden  liquefaction  of  snow  ;  and  if  mix- 
ed with  it  in  due  proportion,  an  intense 
cold  is  the  consequence.  It  acts  ener- 
getically upon  animal  ajid  vegetable  sub- 
stances,   generally  charrinj;    tlieni,    and 


often,  as  in  the  ooae  of  Mf^or,  with  siDgn- 

lar  rapidity. 

The  acid,  as  it  usually  occurs  in  oom- 
merce,  under  the  name  of  con^xntrai^ 
gvlphuric  aeidy  is  a  oomponnd  of  1  atom 
of  anhydrous  acid  and  1  of  water.  Tbo 
anhydrous  sulphuric  add  is  constituted 
of  16  sulphur  (1  atom),  and  24  oxygen 
(8  atoms);  its  equivalent,  therefore,  ia 
1 64-24=40 :  this  is  the  composition  of  the 
acid  as  it  exists  in  the  anhudrou*  ml- 
phatet.  The  strongest  liquia  add  con- 
sists of  40  of  the  dry  or  anhydrous  acid 
(1  atom),  and  9  water  (1  atom),  and  is 
therefore  represented  by  the  equivalent 
40+9=49. 

Sulphurous  acid, — A  compound  of  1 
ecjuivalent  of  sulphur  and  2  equivalents 
ot  oxygen :  :^  is  agAS  which  is  poison- 
ous, producing  suffocation.  It  may  be 
maae  by  burning  sulphur  in  a  chamber 
with  air  when  the  add  vapors  rise.  It  is 
also  made  by  boiling  sulpnuric  add  with 
charcoal  or  carbonaceous  matter,  when 
the  sulphuric  loses  its  oxygen  and  is  con- 
verted into  sulphurous  add. 

It  is  found  to  escape  in  torrents  fVom 
the  months  of  volcanoes ;  and  it  is  gener- 
ally believed  that  its  inhalation  caused 
the  death  of  Pliny  the  elder,  A.D.  99.  It 
is  found  that  this  acid  is  the  only  mate- 
rial with  which  woollens  and  silks  can  be 
bleached,  and  its  application  to  this  pur- 
pose is  very  simple  and  extensive.  Sul- 
phurous acid  is  soluble  in  water,  but  this 
solution  had  no  application  until  of  late 
vears.  It  is  now  used  for  destroying  co- 
lors. There  is  a  substance  imported  in- 
to England  A'om  the  Cape  of  Good  Hope, 
called  jute,  which  had  hitherto  been  con- 
sidered of  no  use,  from  the  supposed  im- 
f>ossibility  of  bleaching  its  fibre ;  but  this 
ihs  lately  been  elfected,  and  a  white  and 
silky  aj)|)eanmce  imparted  to  it.  Sul- 
phurous acid  is  the  only  thing  by  which 
this  bleaching  cjm  be  effected;  for  if 
placed  in  an  alkaline  liquor,  jute  is  re- 
duced into  a  soft  pulpy  state. 

SUMACH.  The  powder  of  the  leaves, 
peduncles,  and  yo\inff  branches  of  the 
lihns  voriaria  and  Hnus  <Y)^inu«,  shrubs 
which  grow  in  Hungary,  the  Bannat,  and 
the  lllyrian  provinces.  Both  kinds  coo- 
tain  tannin,  with  a  little  yellow  coloring 
matter,  and  are  a  good  deal  employed 
lor  tanning  light-colored  leathers ;  but 
the  first  is  the  best.  With  mordants,  it 
dyes  nearly  the  same  colors  as  galls. 
In  calico-printiniT,  sumach  affords,  with 
fi  mordant  of  tin,  a  yellow  color ;  with 
acetate  of  iron,  weak  oV  strong,  a  gray  or 
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black;  and  with  snipluite  of  nne,  a 
brownish  yellow.  A  deooction  of  Bomaoh 
reddens  litmas  paper  strongly;  gives 
white  flocks  witn  the  proto-muriate  of 
tin ;  pale  yellow  flocks  with  alum ;  dark 
blue  flocks  with  red  sulphate  of  iron, 
with  an  abundant  precipitate. 

The  S.  Tvphina  grows  in  the  Northern 
States :  the  Dark  is  powdered  for  tannine. 
The  B.  Glabra  grows  in  the  Middle 
States.  The  Ji.  PumUa  grows  in  the 
mountains  of  Carolina.  Tt  is  the  most 
poiAonons  of  the  genus.  The  J?.  Venenata 
18  found  in  the  Northern  and  Middle 
States.  J?.  Oopallina  grows  in  the  Middle 
and  Southern  States.  Several  species  of 
the  celebrated  Japan  varnish  is  obtoinod 
from  a  species  of  Rhus. 

SURVEYING.  In  jpractical  mathema- 
tics, the  art  of  determining  the  bounda- 
ries and  superficial  extent  of  a  portion  of 
the  earth's  surface.  The  object  of  a  sur- 
vey mav  be  either  to  ascertain  the  con- 
tents or  a  field  or  portion  of  land,  or  to 
determine  the  relative  distances  and  bear- 
ings of  the  most  prominent  objects  of  a 
country  for  the  purpose  of  constructing 
a  map,  or  to  determine  the  form  and  di- 
mensions of  a  portion  of  the  earth's  sur^ 
face  with  a  view  to  deduce  the  magnitude 
and  figure  of  the  earth  by  comparing  the 
geodetical  distances  between  ^ven  points 
with  their  astronomical  positions.  In  all 
cases  the  operation  is  conducted  on  the 
same  principles ;  but  while  the  first  re- 

S aires  only  the  application  of  the  merest 
ements  of  arithmetic  and  trigonometry, 
the  last  can  only  be  accomplished  with 
the  aid  of  instruments  of  the  most  refin- 
ed description,  and  processes  of  calcula- 
tion deduced  from  mathematics  of  the 
highest  order. 

SUSPENSION  BR1DGK  In  archi- 
tecture, abridge  in  which  the  roadway,  in- 
stead of  being  carried  over  the  support- 
ing points,  is  suspended  from  them,  the 
supporting  points  being  chains  or  other 
flexible  materials.  The  principle  has  re- 
cently been  carried  to  a  great  extent  in 
England,  as  in  the  case  of  the  Menai 
bridge ;  but  its  application  is  old,  and  has 
long  been  practised  amon?  people  who 
have  attained  very  little,  if  any,  skill  in 
the  arts.     {S^^  Bridok.) 

SWINE  STONE.  Fetid  or  bituminous 
limestone,  which  exhales  a  disagreeable 
odor  on  friction. 

SWING.  The  ship  at  anchor  is  said 
to  swintr  when  she  changes  her  position 
at  the  turn  of  the  tide. 

SWIVEL.  In  gunnery,  a  small  can- 
non ;  so  called  from  its  being  flxed  in  a 


twivelf  by  means  of  whieh  it  may  be  di- 
rected to  any  object.  Swivels  are  chiefly 
used  at  sea,  and  are  placed  on  the  ship^i 
side,  stern,  or  bow,  and  also  in  the  tope. 
SWITCH.  The  mechanism  by  which 
parallel  or  diverging  rails  are  connected. 


The  annexed  cut  at  once  illustrates  the 
principle,  and  gives  an  example  of  a  very 
common  arrangement  of  switches ;  a,  a, 
is  the  straight,  and  6,  ft,  the  diverging 
line  of  rails ;  «,  <!,  the  switches,  laid  upon 
a  broad  flat  plate,  and  turning  on  a  joint 
at  one  extremity;  d^  a  rod  joining  the 
opposite  ends,  so  as  to  render  the  motion 
01  both  simultaneous ;  «,  a  handle  work- 
iuf?  a  small  eccentric  acting  upon  the  rod 
d^  in  such  a  manner  as  to  open  or  dose 
the  switches  e.  <;,  and  consequently  guide 
the  wheels  eitner  upon  the  continuous  or 
diverging  line  as  may  bo  required.    {See 

Railway.)  

SYMPIESOMETEB.  A  kind  of  bar 
rometer,  contrived  by  Mr.  Adie  of  Edin- 
burgh, for  measuring  the  weight  of  the 
atmosphere  by  the  compression  of  a 
column  of  gas.  It  consists  of  a  glass 
tube  about  18  inches  long,  having  the 
lower  end  bent  up  like  the  tube  ot  the 
wheel  barometer,  each  end  being  termi- 
nated by  an  elonflrnted  bulb.  The  upper 
end  is  hermetically  sealed,  but  the  lower 
end  is  left  open.  The  upper  part  of  the 
tube  is  filled  with  hydrogen  gus,  and  the 
lower  part  with  some  fixed  oil.  The  pres- 
sure of  the  atmosphere  is  exerted  upon 
the  surface  of  the  oil,  which  is  exposed 
to  it  in  the  turned  up  open  end  of  the 
tube.  This  pressure  causes  the  uil  to 
stand  at  a  certain  height  in  the  tube,  and 
to  produce  a  certain  compression  in  the 
column  of  hydrogen  gos.  Ah  the  atmos- 
pheric pressure  beooines  greater,  tlje  oil 
will  rise,  and  the  im»  will  be  comt>res«ed 
into  less  space.  The  change  in  the  bulk 
of  the  gas  caused  by  a  change  in  the  at- 
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mosphsrlc  pressure  is  raoasnred  by  a 
scale.  The  Hympiesometer  is  a  useful 
instrument,  but  interior  in  accuracy  to 
the  common  barometer. 

SYPHON,  or  crane,  is  a  bent  tube  with 
one  leg  larger  than  the  other,  so  that  its 
orifice  may  be  lower :  if  then  the  air  is 
sucked  oul  the  short  leg,  being  in  a  fluid 
will  continue  to  flow  till  the  surface  is 
below  the  level  of  the  orifice  ;  or  if  the 
syphon  is  filled  before  it  is  immersed  at 
tne  short  end,  the  fluid  will  run  out  at 
the  lower  end,  and  will  be  followed  as 
before.  The  syphon,  for  many  domestic 
purposes,  is  most  convenient. 

Syphoiis  are  used  to  raise  water  over 
banks. 

Mr.  0.  P.  Laird,  a  farmer  at  Oneida 
Castle,  N.  Y.,  has  a  syphon  in  successful 
operation  which  conveys  water  to  his 
house,  a  distance  of  sixty-six  rods^  over  a 
ridge  of  land  sixteen  feet  high,  m  half 
inch  lead- pipe,  No.  1.  It  is  discharged 
four  feet  lower  than  the  surface  of  the 
water  in  the  spring,  and  at  the  rate  of 
eighteen  gallons  per  hour. 

Syphoiis  will  continue  to  work,  provi- 
ded* tliey  are  perfectly  tight,  and  if  there 
is  a  moderate  amount  of  fall  from  the 
surface  of  the  water  in  the  well  to  the 
place  of  delivery.  Water  is  raised  in  a 
syphon  on  the  same  principle  tliiit  it  is 
in  the  suction  pump,  and  may  be  elevut- 
ed  to  the  same  higlit,  to  wit^  thirty-two 
feet.  The  objection  to  raising  it  very 
high  in  a  syphon  is,  that  air  separates 
from  water  when  thus  raised,  and  tlie 
higher  it  is  drawn  the  more.  It  is  essen- 
tial thnt  there  should  be  sufficient  cur- 
rent to  carrv  out  this  air  as  fast  as  it  is 
evolved,  otherwise  it  would  accumulate 
and  stop  the  water.  Four  feet  of  tall  an- 
swers the  purpose.  Every  thinir  depends 
on  the  perfect  air-tiffhlness  of  the  i)ipe. 

SYRINGK.  In  iiydraulics,  a  machine 
consi.Hting  of  a  small  cvrnulor  with  an 
air-tight  piston  or  sucker,  whidi  is  mov- 
ed up  and  down  in  it  i)y  means  of  a  han- 
dle. The  lower  end  of  the  cylinder  ter- 
minates in  a  small  tube,  throui^h  which  a 
fluid  is  forced  into  the  body  of  the  cylin- 
der by  the  atniosjihoric  ]>re-<>ure  when 
the  handle  is  tlrawn  up,  and  then  exjiel- 
led  in  a  small  jot  by  pu^hinir  the  haii'llf  in 
the  opposite  dirootion.  The  svrinL'"*;  acts 
on  the  principle  of  the  sucking  ]>unii). 
The  syrinsje  is  also  used  as  a  pneuiuatie 
machine  for  condensintr  or  cxhaustiuir  tlie 
air  in  a  dose  ve^-el,  but  Ibr  this  purpose 
it  mu>*tbe  furnished  with  two  valves.  In 
the  eonden^ini;  syrintre,  tlie  vjdves  open 
downwards   and  close  upwards ;  in  the 


exhausting  syringe  they  are  closed  down- 
wards and  opened  upwards.  {See  An 
Gun  and  Are  Pcmp.) 

TACAMAHAC.     A    resin    obtained 
from  the  Fa^uru  oetandra,  a  tree  which 

frows  in  Mexico  and  the  West  Indies. 
t  occurs  in  yellowish  pieces,  of  a  strong 
smell,  and  a  bitterish  aromatic  taste. 
That  from  the  island  of  Madagascar  has 
a  greenish  tint. 

TACHOMETER.     A  contrivance  in- 
vented   for  the  purpose   of  indicating 
minute  variations  in  the  velocity  of  ma- 
chines. When  a  vessel  containing  a  fluid 
is  whirled  rapidly  round  a  verti^  axis, 
the  centrifugal    force  produced  by  the 
whirling  motion  causes  the  fluid  to  re- 
cede from  the  axis,  and  to  rise  on  the 
sides  of  the  vessel,  so  that  the  surface  of 
the  fluid  assumes  a  concave   parabolic 
form ;  and  the  distance  to  which  the  cen- 
tre of  the  surface  falls  below  ita  original 
level  is  proportionate  to  the  velodtv  of 
rotation,   and  subject  to  corresponding 
variations.    Any  method,  therefore,   of 
mcjisuring  or  rendering  visible  the  de- 
pression of  the  central  surface  will  indi- 
cate   the    variations  of    velocitv.      The 
method  usually  adopted  is  the  followini;  : 
A  glass  tube  open  at  both  ends,  and  ex- 
panding at  one  extremity  into  a  bell,  is 
nnmersed  with  its  wider  end  in  mercury 
contained  in  a  cup.    The  tube  ia  so  aniC- 
pended  as  to  be  unconnected  with    the 
cup.    Tliis  tube  is  then  filled  to  a  certain 
height,  with  spirits    tinged  with   some 
coloring  matter,  to  render  it  easily  ob- 
servable.   The  cup  is  attached  to  a  spin- 
dle turned  by  the  machine.     Now  as  the 
cup  is  whirle'd  round  by  the  spindle,  the 
level  of  the  mercury  in  the  bell  falls,  and 
the  spirit  therefore  descends  in  the  tube. 
Ah  the  motion  is  continued,  every  change 
of  velocity  causes  a  corresponding  change 
in  the  level  of  the  mercury,  and  conse- 
quently also  in  tlie  height  of  the  spirits 
in  the*  tube;  and  as  the  capacity  or  the 
bell   is    mueh   greater  than   that   of  the 
tube,  a  very  small  change  in  the  level  of 
the  mercury  causes  a  considerable  change 
of  the  heiL'^lit  of  the  spirits  in  the  tuW. 

TAFFETA.     A  lij-ht  silk   fabric,  witl 
a  considerable  lustre  or  irloss. 

TAFIA.     A  variety  of  mm. 

TA(iUA.  In  mechanics,  the  name 
L'iveii  to  a  ]>articnlar  c(unbinHtion  of  pul- 
leys. The  taulia  consists  of  a  sy>tcm  of 
tixed  pulleys  coHeeted  in  one  common 
l»lo('k,  uiid  al^-o  of  a  system  of  movable 
pulleys  in  a  separate  block,  to  which  the 
weiirlit  is  attaieiied,  with  one  string  goinj? 
round  all  the  pulleys,  and  havin&r  one  of 
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its  ends  fixed  to  a  point  in  the  STsteni, 
nnd  ihe  other  end  going  from  ono  of  t)ie 
fixe.l  puUeyrt  drawn  by  the  power.  Some- 
times oeveml  toglias  are  combined,  bo 
that  one  actd  upon  the  other ;  the  system 
is  then  a  compound  tagUa.   {iSee  Pulley.) 

TALC.  A  mineral  genus,  wliich  is 
divided  into  two  species,  the  common 
and  the  indnmted.  The  first  occurs  mas- 
sive, dii^seminated  in  plates,  imitative, 
or  crystallized  in  small  si.\-sided  tables. 
It  is  splendent,  pearly,  or  seiiii-metullic, 
truiislucent,  fioxible,  ^ut  not  ehistic.  It 
yields  to  the  nail ;  spec.  gruv.  2*77.  Be- 
fore the  blowpipe,  it  first  whitens  and 
tlicn  fuses  into  an  enamel  globule.  It 
consists  of — silica,  62;  magnesia,  27; 
alumina,  1 '5;  oxide  of  iron,  8*5;  water, 
6.  Klaproth  found  2t  per  cent,  of  pot- 
ash in  it.  It  is  found  in  beds  of  ciay- 
slate  and  mica-shite,  in  New  England. 
It  is  an  ingredient  in  rouge  for  the  toilette, 
communicating  softness  to  the  skin.  It 
gives  the  flesh  polish  to  soft  alabaster 
figures,  and  is  also  used  in  porcelain 
paste. 

The  second  species,  or  talc-slate,  has  a 
greenish-gray  color ;  is  mai*sive,  with 
tabular  fragments,  translucent  on  the 
edges,  soft,  with  a  white  streak ;  easily 
cut  or  broken,  but  is  not  flexible  ;  and 
has  a  greasy  feel.  It  occurs  in  tl>e  same 
localities  as  the  preceding.  It  is  employ- 
ed in  the  porcelain  and  crayon  manufac- 
tures; OS  also  as  a  cmyon  itself,  by  car- 
penters, tailors,  and  glaziers. 

TALLOW.  The  concrete  fat  of  qua- 
drupeds and  man.  That  of  the  ox  con- 
sists of  76  pjirts  of  stearine,  and  24  of 
oleine  ;  that  of  the  sheep  contains  some- 
what more  stearine.  {See  Fat  and  Stea- 
rine.) 

Tilt  Tallnc-tr^  is  a  native  of  China, 
and  belongs  to  the  natural  family  «'M/>A/>r- 
hinc*a\  At  the  close  of  the  season  the 
leaves  turn  briehl-rod,  and,  as  the  cap- 
sules fall  off,  leaving  the  pure  white  seeds 
suspended  to  filaments.  From  a  remote 
period,  this  tree  hns  furnished  the  Chi- 
nese with  the  material  out  of  which  they 
nuike  their  cjuidles.  The  capsules  and 
see< Is  are  crushed  tOL^ether,  and  boiled; 
the  f.itty  tnatter  is  skimmed  as  it  rises, and 
condenses  on  coolinsr.  The  candles  made 
of  this  suhstanee  are  very  white;  and 
red  ones  are  inanntaetun'J  with  the  ati- 
dition  of  vertniliori.  It  is  now  eiiltivated 
in  the  vieiiiily  of  Charleston  and  Savan- 
nah with  trieat  promise. 

TAMPINCt.  a  term  used  by  miners 
t^  expre-ss  the  filling  up  of  a  hole  bored 
in  a  rock  for  the  purj)ose  of  bliisting. 


TANK.  In  gardening,  a  oiBtcm  or 
reservoir,  made  of  stone  or  timber,  or 
somo  other  material,  used  in  collecting 
and  preserving  water  during  a  scarcity  or 
drought.  Tank's  are  sometimes  built  in  the 
ground,  and  lined  with  lead  or  cement. 

TANNER'S  BARK.  The  bark  of  oak, 
chesnnt,  willow,  larch,  and  other  trees, 
which  abounds  in  tannin,  and  is  used  for 
preparing  leather.  After  being  exhaust- 
ed of  the  tanning  principle  bv  being 
chopped  into  small  pieces,  or  fcruised, 
or  steeped  in  wat€r,  it  is  laid  up  in  heaps 
to  dry,  and  sold  to  gardeners  for  the  pur- 
pose of  producing  artificial  heat  by  fer- 
mentation in  pits' or  beds,  in  bark-stoves 
or  other  out-houses,  or  pits.   {Ste  Stovk.) 

TANNIC  ACID.  This  term  has  been 
especially  applied  to  a  substance  obtained 
by  Pelouze  by  acting  upon  bruised  galls 
by  common  ether;  it  is  a  white  uncrys- 
talline  powder,  very  astrinirent,  little  so- 
luble in  water,  and  reddeninj?  litmus. 
When  moistened  and  exposed  to  air  it 
becomes  converted  into  gallic  acid.  It  is 
extremely  astringent,  and  appears  to  be 
the  active  principle  of  tanning  substan- 
ces (tannin)  in  general.  Its  etjuiv'alcnt. 
deduced  from  tlie  analysis  of  th«  neutral 
Uinnat^s,  appears  to  be  426.  Its  jltimate 
elements  are  tSO  atoms  o*'  carbon,  18  of 
hydrofiren,  and  24  of  oxygt   . 

TANNIN.  The  pure  astringent  prin- 
ciple of  vegetables,  upon  which  their 
power  of  converting  skin  into  leather  de- 
pends. Its  leading  character  is  its  pro- 
perty of  producing  a  dense  whitish  pre- 
cipitate in  a  strong  solution  of  animal 
jelley,  such,  for  instance,  iis  isinglitss.  It 
may*  be  obtained  tolerably  pure  by  in- 
fusing bruised  jrrapc  seeds  in  cold  water ; 
or  more  cireuitously  by  adding  acetate 
of  copper  to  filtered  infusion  of  palls, 
washmir  the  precipitate,  and  deconipos- 
iiur  it  (ditfu>*ed  through  water)  by  sul- 
phurated hydrocren.  On  evaporating  its 
solution,  it  is  obtained  as  a  pale  yellow 
extract,  of  a  strong  astringent  taste.  The 
action  of  astrinjrcnts  upon  pcrsalts  of 
iron  has  given  rise  to  its  distinction  into 
two  varieties;  the  first  changing  them  to 
deep  blue  or  black,  the  second  to  green. 
The  tan  of  trails,  oak  bark,  grape  ^eed8, 
(fee,  possesses  the  former  property;  that 
of  eateclui  and  tea  the  latter. 

By  diircstinir  [jowdercd  oharconi  in  ni- 
tric ncid,  and  caretnlly  evaporating  the 
solution  so  o]>tai!K'd,  Mr.  Ilatcliett  suc- 
ceeded in  proenrinsr  a  br«»\vi)  hubstanee 
of  an  a-.trin_'('nt  taste,  an<l  precipitating 
s«)lution  of  gelatine,  which  he  terniSj 
therefore,  artijirial  Utn. 
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TANNING.  The  formation  of  lesther 
from  »kiDB. 

It  18  founded  on  tlie  ikct,  that  the  tan- 
nin principle  predpitatee  gelatine,  or 
animal  jelly,  in  an  insoluble  state.  Tan- 
nin also  predpitatee  the  sulphate  of  iron, 
lying  between  the  hair  and  the  skin.  By 
strong  extracts  of  the  bark,  Seg^uin  tan- 
ned aJf  in  1  day,  and  oxhides  in  7  or  8 
days.  1  lb.  of  catechu  is  equal  to  21  galls, 
8  sumach,  81  oak-bark,  7*  willow-bark, 
and  18  elm-bark. 

The  outer  coating  of  the  hemlock,  and 
various  species  of  the  oak  are  the  prind- 
pal  materials  generally  used  in  the  United 
States.  The  former  for  the  great  body 
of  sole  leather,  the  latter,  for  the  various 
harness  and  upper  leather.  The  trees 
are  felled  in  the  season  when  the  sap  is 
ascending,  fW>ui  1st  May  to  1st  Septem- 
ber, though  usuolly  only  from  May  15th 
to  August ;  and  the  bark  is  easily  peeled 
off  in  sheets  of  any  required  length,  but 
usually  four  feet  lon^.  It  should  be  suf- 
fered to  lie  with  the  inner  surface  expos- 
ed to  the  suu  one  or  two  dear  days,  to 
dry  up  the  sap  on  that  surface,  when  it 
hhould  be  withered  into  piles  of  a  square 
form,  in  a  drv  place,  on  poles  above  the 

{ground,  and  be  protected  by  large  pieces, 
aid  carefully  on  the  top  of  the  pile. 
The  body  only  is  peeled  m  this  country, 
except  the  larger  oranches  of  the  oak  : 
while  in  England  the  small  limbs,  ana 
even  twigA,  all  that  will  peel,  arc  saved, 
and  thoufi:ht  to  be  stronger  than  the  bodv 
bark.  Thirty  days  of  dry  weather  will 
cure  the  bark  sufficiently  for  use.  But 
in  a  large  business  it  is  drawn  to  a  road 
side,  after  harvest,  and  piled  in  like  man- 
ner, and  is  suffered  to  remain  until  fall 
or  winter,  when  it  is  drawn  into  tlie  tan- 
nery, and  stored  in  large  piles  in  the 
open  air  or  in  cheap  open  sheds,  and 
taken  into  the  tannery  as  wanted.  At 
the  North  this  is  usually  done  in  winter, 
which  makes  good  sleighing,  almost  as 
important  to  the  tanner  as  bright  skies 
in  June  and  July.  Chemical  tests  give 
to  hemlock  bark  only  3|  to  6  per  cent. 
tannin.  American  oak  not  more  than 
half  as  much,  while  English  hedgerows 
is  16  per  cent.  Various  other  foreigti 
substances  contain  tannin.  Valonia,  of 
Turkey,  or  the  acorn  cup  and  ball,  gath- 
ered in  a  green  slate,  is  the  favorite  in 
England,  and  it  is  believed  that  tbcgrreat 
burr  oak  of  the  Middle  Stutes  yield  an 
annual  crop  of  the  same  material,  which 
if  iralliered  would  be  sutlicieiit  lor  all  the 
tanning  of  Ainoricii,  and  save  the  destruc- 
tion of  our  noble  forests  now  going  on  at 


the  North  ao  rvMlj.  Tlie 
tide  known  is  kutoh,  imported  nom  the 
East  Indieo.  evidently  an  extract  boiled 
down  to  salts,  which  contain  aboot  55 
per  cent  pure  tan.  It  is  too  expenarre 
for  common  use  in  this  oonntrr,  bnt  is 
much  used  in  En^^Iand,  in  liqacrs  for 
heavy  atock.  It  »  computed  that  for 
every  cord  of  hemlock  hark  fonr  trcce 
are  peeled,  and  one  cord  will  tan  five 
hides.  If  the  whole  qnantitj  of  leather 
is  1.000,000  aides,  200,000  trees  are  an- 
nually destroyed  to  furnish  the  berk. 

The  skins  of  animals  are  immersed, 
for  several  days,  or  even  weeks,  in  water 
with  bark,  mostly  of  oak  or  larch  ;  and 
other  aatringent  substanoea,  as  terra  ia- 
ponioa,  are  employed,  which  ahortena  the 
time,  but  renders  the  snbatanco  more 
hard  and  brittle.  Another  method  is  hj 
tawing.  They  are  left  to  soak,  for  six 
weeks,  in  water,  with  freah  slaked  lime, 
changed  twice,  rinsed,  again  aoaked  in 
water  mixed  with  wheat  bran,  until 
they  float,  but,  when  beaten  down,  do 
not  rise  again.  The  bran  is  then  scraped 
off,  and  a  liquid  paste  ia  prepared,  for 
100  sheep-skins,  8  Iba.  of  alnm  and  8 
lbs.  of  salt  are  dissolved,  in  warm  water, 
and  added  to  20  lbs.  of  fine  wheat  flour 
and  96  yolks  of  eggs.  A  ladle  full  of  this 
paste  is  put  into  a  trough  of  warm  water, 
m  which  12  skins  remain  for  some  time, 
and  are  then  pulled  and  stretdied ;  and 
this  is  repeated  twice.  They  are  then 
left  six  oays,  and  afterwaras  quickly 
dried. 

Slow  tanning  makes  leather  softer  and 
stronger. 

Time  and  labor  are  both  materially 
reduced,  and  the  quantity  and  weight  of 
the  leather  increased,  by  the  substitution 
of  water  power  for  manual  labor,  in 
many  of  the  most  laborious  parts  of  the 
process;  viz.  to  soften  and  cleanse  the 
nide  preparatory  to  the  berk  being  appli- 
ed to  it ;  to  grind  the  bark ;  to  move 
pumps  for  transferring  the  decoction  of 
the  bark  from  one  vat  to  another  (much 
of  which  is  necesMiry  to  be  done  daily  in 
an  extensive  tannery),  and  to  roll  the 
leather  preparatory  to  its  being  sent  to 
market ;  also  the  least  possible  quantity 
of  lime  is  now  used  to  fadlitate  getting 
off  tite  hair.  This  has  been  found  greatly 
to  add  to  the  weight  and  quality  of  the 
leather.  The  application  of  heat  to  bark, 
in  leach^f,  is  found  to  be  very  important, 
and  more  particularly  the  application  of 
tlie  decoction  (usually  tenned  liquor)  to 
the  hide,  rather  than  the  bark. 

Tanning  by  £ilhfrrjf  or  Whcrtltberrg, 
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81  lbs.  of  this  tan  dress  1  lb.  of  leather, 
while  6  lbs.  are  rei^aired  f^om  the  oak, 
and  tanners  also  gain  four  months. 

Afler  tanning,  the  currying  takes  place. 
This  consists  in  removing  all  excrescences, 
soaking  and  trampling,  covering  with  oil, 
and  pummelling,  to  produce  pliancy. 
They  are  then  colored,  white  with 
white-lead,  block  with  a  solution  of  iron, 
and  a  second  of  soot,  vinegar,  and  gum. 

TANTALITE,  or  COLDMBITE.  The 
ferruginous  oxide  of  columbinm.  It  oc- 
curs m  small  masses,  and  in  octahedral 
crystals.  It  has  been  found  in  Finland 
and  in  this  country. 

TAPESTRY.  Is  an  ornamental  figured 
textile  fabric  of  worsted  or  silk,  for  lining 
the  walls  of  apartments :  of  which  the 
most  &mous  is  that  of  the  Gobelins 
Boyal  Manufactory,  near  Paris. 

TAPIOCA.  A  modification  of  starch, 
partially  converted  into  gum,  by  heating 
and  stirring  cassava  upon  iron  plates. 
(iSM  Cassava  and  Starch.) 

TAR.  The  viscid,  brown-black,  resino- 
oleagiuou.H  compound,  obtained  by  distil- 
ling wood  in  close  vessels,  or  in  ovens  of 
a  peculiar  construction.  {Sfe  Charcoal, 
PiTcoAL,  and  Pyrolioneous  Acid.^  Ac- 
cording to  Reichenbach,  tar  contains  the 
peculiar  proximate  principles,  parajine^ 
eupion^  rreotoUy  ^uamar^  pUt€K'(Uj  besides 
pyrogonous  ream,  or  pyretiMy  pyroge- 
noiis  oil,  or  puroleine^  and  vinegar.  The 
resin,  oil,  and  vinogur  are  called  empy- 
reumntic,  in  common  language. 

TARTAR,  called  also  argal  or  ai^ol, 
is  the  crude  bitartrat«  of  potassa,  which 
exists  in  the  juice  of  the  ^rape,  and  is 
deposited  fVom  wines  in  their  rermenting 
casks,  being  precipitated  in  proportion 
as  the  alcohol  is  formed,  in  conseauence 
of  its  insolubility  in  that  liquid.  There 
are  two  sorts  of  ai^  known  in  com- 
merce, the  whito,  and  the  red ;  the  form- 
er, which  is  of  a  pale-pinkish  color,  is  the 
crust  let  fall  by  white  wines ;  the  latter 
is  a  dark-red,  from  red  wines. 

TARTARIC  ACID.  The  acid  of  tar- 
tar. This  acid  is  contained  in  grope 
juice,  and  in  tamarinds  and  several  other 
fVuits.  It  is  usually  obtained  fh>m  puri- 
fied tartar :  4  parts  of  powdered  tartar 
and  1  of  chalk  are  mixcu  in  hot  water, 
and  the  white  powder  which  subsides 
(tartrote  of  lime)  is  decomposed  by  dilute 
sulphuric  acid,  which  combines  with  the 
lime  to  form  sulphate  of  lime,  and  the 
tartaric  acid  being  liberated  is  obtained 
by  evaporation.  When  pure  it  forms 
white  crystals,  composed  of  one  equiva- 
lent of  dry  acid,  and  one  of  water  (66+9 


=75).  The  anhydroiu  tartaric  acid,  as  it 
exists  in  the  dir  tartrates  (tartrate  of 
lead,  for  instance),  is  composed  of 

Aioma.  EqvIt. 

Carbon 4  dl  8636 

Hydrogen 2  2  3-03 

Oxygen. 5  40  60*61 

~i  66        lOOOO 

TAWING.  The  art  of  preparing  cer- 
tain kinds  of  leather  by  imouing  the 
skins  with  saline,  oily,  and  other  mat>- 
ters.    {See  Tamnino.) 

TEA.  The  leaves  of  the  Thea  offUinalU. 
This  plant  resembles  the  Camellia,  bui 
its  leaves  and  flowers  are  much  smaller. 
It  is  five  or  six  feet  hi^h,  and  is  an  ever- 

5reen.  It  is  a  native  of  China  and 
apan,  and  has  been  cultivated  there  for 
centuries  :  was  unknown  in  Europe  till 
the  middle  of  the  seventeenth  century, 
yet  is  now  become  of  so  much  import- 
ance as  to  employ  50,000  tons  of  shipping 
in  its  transportation  fVom  Canton.  It  is 
cultivated  in  all  parts  of  Chin*.  3ven  at 
Pekin,  which  has  the  same  latitude  as 
Philadelphia.  The  plants  require  little 
care  till  the  third  year,  when  tney  are  fit 
for  ^thering.  In  seven  years  the  plants 
attain  the  height  of  six  feet.  The  leaves 
are  plucked  off  one  by  one  with  many 
precautions,  and  from  six  to  sixteen 
pounds  per  day  are  plucked.  The  first 
leaves  are  gathered  at  the  end  of  the 
winter,  when  the  leaves  are  youn^  and 
tender  ^  the  second  gathering  is  in  the 
beginning  of  springy  when  the  leaves  are 
of  nearly  their  mil  size :  the  last  gather- 
ing takes  place  in  miosummer.  These 
are  of  inferior  quality.  There  are  two 
varieties  of  tea — the  Tkea  viridit  and 
Thea  bohea.  Formerly  it  was  believed 
that  all  the  green  tea  was  gathered  from 
T.  viridisy  but  this  is  now  known  not  to 
be  BO,  there  being  a  green  tea  district 
where  the  leaves  are  jp^thered  from  both 
varieties  of  trees  indiscriminately.  The 
names  given  in  commerce  are  unknown 
to  the  Chinese.  When  the  leaves  are 
gathered  thev  are  dried  in  houses  con- 
taining small  furnaces,  having  an  iron 
pan  on  the  top  of  each.  Tne  leaves 
are  rolled  on  tables  covered  with  mats, 
and  then  a  few  pounds  are  laid  on  the 
iron  pan  heated ;  the  workman  shifts 
them  with  his  bare  hands  lest  they  should 
burn.  When  lie  cannot  bear  the  hcut 
longer  he  transfers  the  tea  to  the  mats ; 
they  are  then  rolled  again  on  the  pan 
till  they  are  twisted  :  it  is  repeated  fre- 
quently before  the  tea  is  stored,  so  that 
no  moi'sture  may  remain  in  it.     The  dif- 
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ferent  kinds  of  black  and  green  differ 
not  only  in  soil  and  climate  but  in  after 
treatment.  The  color  of  green  tea  is 
dae  to  an  admixture  of  gynsum  and 
Prussian  blue,  which  is  dusted  over  it  in 
the  pans. 

The  leaves  of  tea  have  little  or  no 
smell,  and  they  derive  their  fragrance  by 
mixing  the  leaves  of  Olea  fraarana  and 
CamelUa  aesanqua^  also  of  PoUgala  the- 
zans^  and  ofRhamnua  thezans. 

China  tea  does  not  turn  bluck  by  wa- 
ter, impregnated  with  sulphuretted  hy- 
drogen %a8;  nor  give  a  blue  tinge  to 
spirit  of  harUhorn.  The  infusion,  amber 
colored,  is  not  reddened  by  sulphuric 
acid.  The  leaves,  separate  or  mixed,  of 
speedwell,  wild  germander,  black  cur- 
rants, mock  orange,  purple-spiked  wil- 
low herb,  sweet-briar,  cherry-tree,  haw- 
thorn, bramble,  sloe,  are  suBslituted  for 
tea  bv  de«ilers.  Foreigners  use  a  variety 
of  plants,  instead  of  Chinese  tea,  and 
Zenopomathea  i'^inenais  is  cultivated  in 
France  as  a  substitute.  Japanese  ram/Ilia 
leaves  are  frequently,  by  the  Chinese, 
mixed  with  those  of  tea. 

Kussian  tea,  is  leaves  of  saxifrage, 
winter  green,  white  virgin's  bower, 
bird  cherry,  drop  worts,  common  elm, 
male  fern,  and  dog-rose. 

The  active  principle  of  tea  is  believed 
to  be  Thein^,  a  substance  found  also  in 
coflee  and  in  the  iUx  paratjuyaerma^  a 
native  of  Brazil. 

Mr.  Stonhouse  prepares  theine  by  pre- 
cipitating a   deooc-tion  of  tea  with  solu- 
tion of  acetate  of  lead,  evaporating  the 
filtered  lic^uor  to  a  dry  extract,  and  ex-  j 
posing  tins  extract  to* a  sjibliniing  heat  I 
in  a  sTiallow  iron  pan,   whoso   mouth    is  | 
covered  tlatlv   with  porous   paper  luted  | 
round  the  etiges,  as  a  filter  to  the  vapor, 
and  sunnounled   with  a  cap  of  compact 
paper,  us  a  receiver  to  the  crystals.     In 
this  way  he  obtained,  at  a  maximum, 
only  1-37  from  100-00  of  tea.      But   M. 
Feliffot,    from    the   quantity    of    azote 
amounting  to  about  6   per  cent.,  which 
he  found  In  the  tea  leaves,  being  led  to 
believe  that  much  moretlieine  existed  in 
them  than  had  hitherto  bceji  obtained, 
adopted  the  toUowiiii;  improved  j>rocess 
of  extraction.     To   the    hot   infusion  of 
tea,  subaoetnte  of  lea<l  and  then  ammonia 
were  added;   throutrh  the  filtered  liquor 
a  current  of  sulphuretted  liydroijen  was 
passed   to   throw  down  all  the  k-ad,  and 
the   clear   liquid  beinj;   evaporated  at   a 
gentle    heat    afforded,    on    coolintr,    an 
abundant  crop  of  crystals.    By  re-evnpo- 
ration  of  the   mother  liquor,  more  crys- 


tals were  procured,  amoanting  altogether 
to  ft-om  5  to  6  out  of  100  of  tea. 
The  composition  of  theine  may  be  re- 

Presented  by  the  chemical  formola,  C, 
[5,  Ns,  0«;  wbcnoe  it  appears  to  con- 
tain no  less  than  29  per  cent,  of  nitrogen 
or  azote. 

Peligot  found,  on  an  average,  in  100 
parts  of— 

Partt  Mlabl*  ia  bnOiof  Water. 

Dried  black  teas 43^ 

Green  leaa 471 

Black  teas,  an  mid 38*4 

Green  tea»,  dliio 434 

Tea,  by  Mulder^s  general  analysis,  has 
a  very  complex  constitution;  100  parts 
contam — 

Otmb.    Bfaek. 
Eswntial  oil  (to  which  the  flavor 

isdue) 0-79      0"fiO 

Chloropliyle  (half-green  nwuer).  2i22      1  84 

Wmx 028 

Re*in 222     3«4 

Gum 8-56      7  38 

Tannin 17  80  l-i-88 

Theine 043      046 

Extraciive  matier 22  SO  19  Hj 

Do.           dark  colored  ..  —         143 
(Coloring  matter  separable  by  mu- 
riatic acid 23.60  19.12 

Albumine 3-00      2f?0 

Vesetable  fibre 1708  28^ 

Ashes 556      524 

By  the  enterprise  of  Dr.  Junius  Smith, 
the  cultivation  of  the  tea-plant  in  the  Unit- 
ed States  has  been  introduced,  it  having 
recently  been  grown  in  South  Carolina,  un- 
der circumstances  which  would  indicate 
that  the  question  of  its  success  may  soon 
he  decided.  l*artial  attempts  have  before 
Vn'cn  iiinde  by  planting  n  lew  seed.  But 
Dr.  Smith  has  brou^^ht  out  plants  of 
seven  years  growth.  In  a  letter  resjM?ct- 
ing  this  fact,  he  savs,  that  on  the  LMh 
and  l»)tli  of  l)eccmf)er,  184S,  he  planted 
out  at  Greenville,  South  Carolina,  the  tea 
seed  which  he  carried  with  him,  and 
went  to  work  preparing  the  ground  tor 
the  reception  of  his  tea  phmts,  which  he 
adds,  *'  was  no  slight  labor  in  this  hilly, 
rocky,  stumpy,  rooty  domain."  His 
pnekajres  of  plants  arrived  some  time 
after  him,  and  on  opening  them,  he  says 
several  of  the  plants  were  in  full  bloom, 
with  their  leaves  fresh  and  green,  as  if 
growinir  in  China;  otliers  with  the  blos- 
som bud  just  showinjj  its  ivory  breast 
ready  todevelope  all  its.  beauties. 

*'  Voii  niav  sav,  therefore,  that  the  tea 

•  •  • 

plant   is    in   blossom    in  South  Carolina. 

'  On  Tuesday,  the  "Jfilh  of  December,  he 
pUintfd  out  the  timt  ttu  nhruf^  tvtr  cul- 

1  ti  I'll  till  in  the  (  rtitt'l  State »  for  agricul- 
tural  ornt  coTntufrchtl  purposrs.     Out  of 

\  tive  hundred  j'lunts  he  found  five  wliich 
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he  thought  of  doubtfViI  vitality,  and 
these  be  transferred  to  the  infirmary, 
and   subjected  them  to  vigilant  nurs- 


?» 


There  is  a  large  tract  of  our  conntrv 
which  falls  within  the  latitude  in  whicli 
tea  is  most  successfullv  raised  in  China. 
In  Dr.  Smith's  pamphlet  on  the  subject, 
he  says  it  grows  thei^j  most  luxuriantly 
between  the  parallels  of  20"  and  45° 
north  latitude.  "In  the  geographical 
and  physiological  views  of  that  portion 
of  the  United  States,  presumed  to  be 
best  adapted  to  the  g:rowth  of  the  tea 
T)iant,"  he  say«  :  "We  may  assume  the 
latitude  of  40^  as  the  northern,  and  tlie 
Gulf  of  Mexico  as  the  sotithern  limits  of 
the  tea  growth."  That  the  ten  plant  can 
irrow  in  our  country  is  now  a  settled  fact ; 
out  the  high  price  of  labor  will  retard  its 
introduction  into  market,  until  macliinery 
here  can  comnete  with  the  enormously 
low  price  of  laoor  in  China. 

TEAK  is  one  of  the  largest  trees 
known,  and  interesting  from  the  proper- 
ties of  the  wood.  It  is  considered  supe- 
rior to  all  others  for  ship-building,  and 
is  extensively  used  in  the  East  in  houses 
and  temples.  It  is  now  planted,  with  a 
view  to  timber,  in  Benfral-  The  leaves 
furnish  a  purple  dye,  employed  on  cot- 
tons and  silks. 

TEASEL.  The  teasel  Mipsacus  fullo- 
num)  throws  up  its  heads  in  July  and 
August;  these  arc  cut  from  the  plant  by 
hand  with  a  THJCuliarly  formed  knife,  and 
then  fastened  to  poles  for  drying.  When 
dry,  they  are  picked  and  sorted  into  bun- 
dles. 

The  use  of  heads  of  teasel  is  to  draw 
out  the  ends  of  the  wool  from  the  manu- 
factured cloth,  so  as  to  bring  a  regular 
pile  or  nap  upon  the  surface,  free  from 
twirttings  and  knottings,  and  to  comb  off 
the  coarse  and  loose  parts  of  the  wool. 
Tiie  head  of  tlie  true  teasel  is  composed 
of  incorporated  flowers,  each  separated  by 
a  long,  rigid,  chatfy  substance,  the  ter- 
minating point  of  which  is  furnished 
with  a  fine  hook.  Several  of  these  heads 
are  fixed  in  a  frame,  and  with  this  the 
surface  of  the  cloth  is  brushed,  until  all 
the  ends  are  drawn  out,  the  loose  parts 
combed  off,  and  the  cloth  ceases  to  yield 
impediments  to  the  free  passage  of  the 
wheel  or  frame  of  teusels.  Should  the 
hook  of  the  chaff,  when  in  use,  become 
fixed  in  a  knot,  or  find  sufficient  resist- 
ance, it  breaks,  without  injuring  or  con- 
tending with  the  cloiii ;  aiui  care  is  taken, 
by  successive  apjilications,  to  draw  the 
impediment  out.     The  dressing  of  a  piece 

27* 


of  cloth  coDBomea  fVom  1,5(K)  to  2,000 
heads.  They  are  used  repeatedly  in  the 
different  etages  of  the  process;  but  a 
piece  of  fine  cloth  generally  breaks  this 
number  before  it  is  finished.  There  is  a 
consumption  answering  to  the  proposed 
fineness — pieces  of  the  best  kindls  requir- 
ing 150  or  200  runnings  up. 

They  are  now  being  gradually  super- 
seded everywhere  bv  machinery. 

TECTOftlUM  OPUS.  In  architecture, 
the  plasterers'  work  used  on  ceilings  and 
interior  walls :  it  was  a  composition  of 
lime  and  sand,  and  differed  from  stucco, 
Which  was  called  albarium  opus.  Great 
pains  were  taken  to  prevent  its  cracking. 
t)v  crossing  layers  oi  reed  upon  it  coatcct 
Avith  argillaceous  earth  previous  to  coating 
it  with_paint. 

TELEGRAPH.  The  name  given  to  a 
mechanical  contrivance  for  the  rapid  com- 
munication of  intelligence  bv  sigmils.  Of 
late  years,  the  term  semaplim'e  has  been 
introduced  by  the  French,  and  frequent- 
ly adopted  by  English  writers. 

Although  the  art  of  conveving  intelli- 
gence by  signals  was  practised  in  the  ear- 
liest ages,  and  is  known  even  to  the  ru- 
dest savages ;  and  although  its  impor- 
tance is  not  only  obvious,  but  continually 
felt  wherever  civilization  is  established, 
it  has  been  allowed  to  remain  in  its  orig- 
inal state  of  imperfection  down  almost  to 
our  times.  The  first  description  of  a  tele- 
graph universally  applicable  was  given 
by  Dr.  Ilooke.  "The  method  which  he 
proposed,  for  it  was  not  carried  into  prac- 
tice, consisted  in  preparing  as  many  dif- 
ferent shaped  figures,  formed  of  deal — 
for  exaniple,  squares,  triangles,  circles, 
Ac,  lus  there  are  letters  in  the  alphabet, 
and  exhibiting  them  successively,  in  the 
required  order,  from  behind  a  screen. 

The  first  telegraph  actually  used  was 
the  invention  ofChappe.  It  consisted  of 
a  beam  which  turned  on  a  pivot  in  the 
top  of  an  upright  post,  having  a  movable 
arm  at  each  of  its  extremities;  and  each 
different  position  in  which  the  beam  and 
its  two  arms  could  be  placed  at  angles  of 
45°  afforded  a  separate  signal,  which 
might  represent  a  letter  of  the  alphabet, 
or  have  any  other  signification  that  might 
be  agreed  upon.  Jn  lHo3,  the  French 
erected  itetruiphorc/t  along  their  whole  line 
of  coast,  formed  of  nn  nj)ri!irht  post,  car- 
rj'ing  two,  or  sometimes  three  l>ejnns  of 
wood,  each  turning  (»n  it'*  own  pivot,  one 
above  the  other.  In  l^o7.  ('nptiiin  (now 
General )  Pasley  pnMi«*hed  his  l*i>}ttnrainr- 
mittir  Tthortijtfi,  wliich  was  adoj»ted  in 
that   year  by    the   Admiralty    instead  of 
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lh«  Mliatt«r  taiefraph,  and  has  oostitiiiad 
in  iiM  ever  sinoe. 

For  day  Mgnala,  the  telemph  oonsists 
of  an  Qpright  poet  of  sufficient  height, 
with  two  anna  movable  on  the  same 
pivot  on  the  top  of  it,  and  a  short  arm, 
called  the  induator^  on  one  aide ;  aa  in 
the  annexed  flgaro.  Each  arm  can  ex- 
hibit the  seven  po^i- 
tionn,  1,  2,  8,  4,  5,  6,  7, 
besides  the  position 
called  the  Hoo,  which 
points  vertically  down- 
wards, and  is  hid  by 
the  post.  In  order  to 
show  the  number  of  si^r- 
ntUf  that  may  be  made 
with  this  machine,  we 
may  suppose  the  arm 
nearest  the  indicator, 
reckoning  in  the  order  of  the  numbers 
as  shown  in  the  figure,  to  indicate  tens, 
and  the  other  units;  then  the  signal  re- 
presented in  the  figure  will  be  17,  which 
may  be  ttiken  to  denote  a  letter  of  the 
alphabet.  If  the  ann  on  the  left  had  the 
pHO»itioii  indiaited  by  8,  and  that  on  the 
right  the  position  indicated  by  6,  the  sig- 
nal woula  be  86.  In  this  manner,  the 
number  of  se}>arate  and  independent  sig- 
nals, with  their  signification,  will  be  as  in 


the  following 

table  :• 

— 

No.  of 

Signifl- 

No.  of 

Sirnill- 

No.  of 

Siiniifl- 

SigiMl. 

cation. 

Signal. 

rslion. 

Signial. 

CAlion. 

I 

A 

15 

L 

36 

V 

2 

B 

16 

M 

37 

w 

3 

C 

17 

N 

45 

X 

4 

D 

23 

O 

46 

Y 

5 

E 

24 

P 

47 

Z 

6 

F 

25 

Q 

56 

7 

o 

26 

R 

57 

12 

H 

•27 

S 

67 

13 

I 

»1 

T 

14 

K 

35 

U 

In  1803,  Ronalds  eonstnieled  a  tele- 
graph by  galvanism,  which  worked 
through  coils  of  8  miles  of  wire,  snd 
Wedffewood,  in  1817,  formed  and  worked 
a  voltaic  teleeranh. 

TELEGRAPHS,  ELECTRIC.  It  is 
mainly  owing  to  the  labors  of  S.  F.  B. 
Morse,  in  the  United  States,  and  Cook  und 
Wheat«ton  in  England,  that  electrical 
telegraphs  owe  their  practical  application. 

In  Cook  and  Whentston's  tirt»t  ap- 
paratus, five  needles  were  arranged,  with 
their  a.\is  in  a  horizontal  line,  the  nee- 
dles hanging  verticnily  :  each  of  the 
electro-magnetic  coil*  was  connected  with 
one  of  the  long  conducting  wires  at 
one  end,  nnd  whm  united  at  the  other  with 


a  eommcm  rod  of  uiaftal,  whidi  jooMd  to- 
gether similar  ends  of  all  the  omla.  The 
current  waa  transmiited  from  oppoaite 
ends  of  the  wires,  where  an  appropriate  acC 
of  Anger  key^  (5  pair)  for  making  oonnee- 
tion  with  the  battery,  waa  placed  tbrongrh 
two  of  the  wirea  at  once.  When  the  ker 
waa  presaed  down,  tlie  needles  aasamed 
variona  positiona  with  reapect  to  each 
other,  and  these  were  made  to  indicate 
signals  according  to  entriea  in  the  aignal 
book.  The  inatnimenta  at  the  two  ata- 
tioiie  are  alwaya  reciproeating ;  that  ia,  at 
the  ends  of  the  line  waa  pla<^  an  instru- 
ment, a  set  of  finder  keys,  and  a  voltaie 
battery,  so  that  either  station  could  re- 
ceive or  transmit  a  sicrnal.  By  a  beanti- 
ful  arrangement,  a  bell  or  alarm  could  be 
rung,  when  the  attention  of  the  derk 
at  tiie  distant  terminus  waa  required. 
Mr.  Cook  obtained,  in  1888,  further  im 
provements  on  this  apparaUia  without  al- 
tering its  chief  features. 

The  basis  of  this,  end  indeed  of  all  elee- 
tric  telegraphs,  is  the  fact  discovered  b^ 
(Ersted,  that  when  a  magnetic  needle  la 
subjected  to  a  current  or  electricity,  the 
needle  deviates  towarda  a  right  ax^e  to 
the  position  in  which  it  sto<Kl  originally. 
This  was  the  simplest  form  of  teJegraph 
of  Cook  and  Wiieatston: — A  magnetic 
needle  was  placed  behind  a  vertical  dial, 
its  axis  is  prolonged  out  in  fh>nt  of  the 
plate,  and  a  second  needle  suspended  to 
It,  so  that  the  latter  moves  similarly  when 
the  needle  behind  is  impelled ;  a  coil  ot 
wire  traverses  above  and  below  the  inner 
needle,  and  when  tlie  ends  of  this  coil  are 
brought  into  contact  with  the  poles  of  a 
battery,  and  the  needle  thus  brought 
within  the  circuit,  it  is  immediately  de- 
flected, and  carries  the  outer  needle  along 
with  it.  This  latter  is  the  indicator. 
Stops  arc  placed  on  each  side  of  the 
needle  to  limit  its  motion  on  either  side, 
and  the  letters  are  read  off  by  a  scale  ot 
Arbitrary  movements.  Thus  if  the  point 
of  the  needle  move  once  to  the  right  to 
express  A,  twice  to  the  ri^ht  might  ex- 
press B;  once  to  the  left,  "K,  and  so  on. 

Dr.  Stenheil  constructed  an  electrictele- 
^raph  between  Munich  and  Bogenhausen, 
m  1887,  in  which  he  availed  himself  of 
the  conducting  power  of  the  earth,  thus 
saving  the  cost  of  erection,  the  earth  oc- 
cupying the  place  of  the  return  wire. 

In  the  snmcyear  Mr.  Morsels  invention 
was  puhluly  te>tcd.  It  was  the  first  practi- 
cal recristering  in^ttrument.  the  various  sig- 
nals iHiinisr  traced  on  a  strip  of  paper.  In 
June,  1S44,  the  tclegra^)h  waa  constructed 
by   him  between  Baltimore  and  Wash- 
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ington,  tbrough  the  aid  afforded  him  hy 
Coomes,  who  advanoed  80,000  dolian. 
Mr/Moree  has  taken  oat  patents  for  im- 
provementa  in  hia  apparatus,  the  latest 
of  whiek  was  in  1648,  for  an  "  electro- 
magneti-  recording  telearaph.*'  To  Mr. 
Morse  \t  certainly  due  tne  credit  of  be- 
ing the  ilTst  who  set  up  a  practical  mag- 
netic telegraph  invented  in  1882. 

Morw^%  Telearaph,  This,  the  oldest 
telegraph  of  tnis  kind  in  the  United 
States,  maybe  described  as  worked  by  a 
main  circuit  and  distant  battery. 

The  principle  of  this  tele^rapn  is  based 
upon  toe  temporary  induction  of  a  piece 
ot  soft  iron  with  magnetism,  by  the  cur- 
rent of  galvanism  pajwiDg  around  it ;  this 
piece  of  soft  iron  is  called  an  electro-mag- 
not,  and  it  operates  a  walking-beam  pen, 
to  make  mechanical  marks  upon  a  ribbon 
of  paper  carried  along  wltn  a  uniform 
motion,  against  the  &co  of  a  grooved 
metal  roller. 

The  batteries  used  are  Grovels  zinc  and 
platinum,  and  tv^o  liquids.  Any  number 
of  these  may  be  used ;  from  4  to  10  at 
termini  are  the  usual  number.  To  form 
the  electric  circuit,  one  end  of  a  copper 
wire  is  attached  to  the  end  platina  plate, 
and  the  other  end  of  the  copper  wire  to 
the  zinc  cylinder.  A  wire  is  not  required 
to  run  round  all  the  circuit — any  metallic 
connection,  such  as  brass  plates,  <&c.,  <&c., 
may  form  part  of  it.  Tne  battery  with 
the  key  attached,  and  the  small  table,  wo 
will  suppose  to  be  at  the  Philadelphia 
station,  and  the  telegraph  register  to  Go  at 
New- York.  A  wire  runs  irom^  the  pla- 
tina plate  up  to  the  metallic  binding  screw 
connection  on  the  small  table  above,  and 
the  other  wire  runs  f^om  the  zincy  and  is 
connected  with  the  first  wire  by  the  me- 
tallic connection  of  the  register  at  New- 
York.  This  forms  the  circuit.  The  key 
is  fixed  upon  a  pivot  axis,  to  be  gently 
pressed  by  tho  operator's  fingers  on  the 
top  of  an  ivory  button.  The  circuit  is 
now  broken,  and  a  small  gap  in  the  key 
above  the  wire  from  the  battery  shows 
the  metallic  connection  to  be  open.  By 
pressing  upon  the  butt  end  of  the  key, 
Its  metal  surface  comes  in  contact  with 
the  metal  termination  of  tlie  wire  firom 
the  battery,  and  then  the  circuit  is  closed, 
and  the  electric  fiuid  fiects  along  to  the 
distant  station,  as  in  the  present  instance, 
New- York. 

In  connection  with  tho  rejjristcr  there  is 
a  ribbon  of  paper  passing  from  the  roll 
between  two  small  metal  rollers  of  the  re- 
gister. This  strip  is  drawn  through  be- 
tween the  rollers  by  their  motion,  they 


revolving  towvds  tbe  paper  roll,  drawing 
in  the  paper.  Motion  is  given  to  these 
rollers  by  a  train  of  clockwork  gear 
wheels,  which  are  moved  by  the  weight 
below  the  machine.  The  upper  small 
roll  has  a  small  groove  running  around 
its  periphery,  ancf  the  ribbon  of  paper  la 
drawn  through  against  its  under  surface. 
The  instrument  to  indent  the  paper  is  a 
pen-lever.  It  is  suspended  on  a  pivot 
axis  at  its  middle,  and  its  action  is  like  a 
walkiof -beam,  but  the  stroke  it  mi^es  is 
verv  short — ^not  over  the  one-eighth  of 
an  inch  at  both  ends.  This  pen-lever  is 
verv  nicely  poised,  and  at  its  extreme 
end  from  the  paper  its  stroke  is  nicely 
regulated  by  a  set  or  button  screw. 
There  is  a  metal  pen  attached  to  the  lever 
and  fixed  on  a  pivot  like  a  waUdxiff-beam. 
When  one  end  is  drawn  down,  the  other 
end  flies  up,  and  having  a  steel  point  on 
it  it  marks  a  strip  of  paper  running  along 
a  roller,  which  is  drawn  alonff  between 
other  two  rollers.  Now,  by  fetting  the 
other  end  of  this  pen  come  up,  the  steel 
point  drops,  and  then  it  is  thrown  up 
again,  leaving  a  space  between  the  two 
marks  on  the  paper.  Now,  as  the  paper 
is  always  moving,  and  as  the  point  is 
held  to  it  for  a  longer  or  shorter  time, 
marks  are  made  of  dots,  spaces  ana 
dashes — thus  .  for  £,  and  —  for  L,  and 
.  —  .for  F,  and  thus  oy  a  combination  of 
dots,  spaces  and  da.shcs,  the  whole  al- 
phabet IS  formed,  and  these  letters  made 
mto  words,  and  the  words  into  sentences 
—compose  the  message.  An  electro- 
magnet is  used  on  Morse's  telegraph  to 
operate  the  walking-beam  pen.  It  is  fit- 
ted with  an  armature,  whose  attraction 
and  withdrawal  givea  motion  to  the  lever 
or  wiJkin^-beam ;  the  breaking  and  clos- 
ing the  circuit  is  effected  by  a  key  of 
brass  insulated  by  ivory  at  Philadelphia, 
and  writes  tho  messages  in  New- York. 

The  magnet  in  connection  with  the  re- 
gister, is  made  of  a  piece  of  soft  iron,  pure 
and  fVee  from  carbon,  sulphur,  &c.,  and 
is  wrapped  round  with  fine  copper  wire, 
covered  with  silk.  This  coil  of  wire  is 
called  a  helix.  It  is  attached  to  the  wire 
of  the  batterv  by  a  metallic  connection  at 
one  end,  ana  the  other  end  of  the  helix 
— for  it  must  be  made  of  continuous  wire 
— is  attached  to  the  wire  IVom  the  other 
end  of  the  iMttcry,  thus  forming  part  of 
tho  electric  circuit.  Tliis  magnet  is  made 
almost  always  of  a  U  form,  but  this  is  not 
so  essential.  This  electro- magnet  has  no 
attractive  force  except  when  tho  electric 
circuit  is  closed  and  the  fluid  rushing 
along  the  wire,  and  then  its  attraction  is 
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oonriderable.  The  end  of  the  pen  lever 
has  the  steel  pen  on  it,  bo  that  when 
the  operator  at  Philadelphia  presses  his 
hand  upon  the  key,  the  circait  is  closed, 
the  end  of  the  pen-lever  above  the  ma^et 
is  drawn  down  to  the  magnet,  and  the 
pointer  at  the  other  end  is  thrown  a^inst 
the  strip  of  naper.  Whenever  the  finger 
is  lifted  off  the  key,  the  circnit  is  open, 
the  magnet  loses  sJl  attractive  power,  and 
the  pointer  then  drops  and  does  not  touch 
the  paper.  It  will  tnus  be  observed  that, 
by  tapping  on  the  key  at  Philadelphia 
the  circait  is  broken  and  closed  to  New- 
York,  and  the  electro-magnet  actuates 
the  pen-lever  to  produce  the  characters 
we  have  described,  which  are  put  to- 
gether to  make  words,  and  the  words 
then  put  together  to  make  sentences. 

There  is  a  key  and  register  placed  on 
the  same  table  at  every  station  ;  and  this 
is  necessary  for  the  reception  and  trans- 
mission of  messages.  Each  station  has 
a  battery  and  each  register  has  a  regisUr- 
ing  ma^/iH,  which  produces  the  marking 
and  is  in  the  I/xxU  circuit.  But  there  is 
another  magnet  called  the  receiving  mag- 
net placed  in  the  circuit  of  the  main  line; 
it  also  forms  a  part  of  the  apparatus  of 
the  register.  The  office  of  the  receiving 
magnet  is  to  close  and  break  the  circnit  of 
the  register  ml^rnet.  It  is  on  the  cxclnr»ive 
use  of  this  instrument  and  the  combina- 
tion, that  the  value  of  the  Morse  patent  is 
based.  At  the  distance  of  80  miles  the 
electro  fluid  becomes  so  attenuated  in  pow- 
er that  it  wonld  not  be  capable  of  indenting 
the  paper.  To  render  the  attenuated  cur- 
rent available,  the  receiving  maenct  i?  in- 
terposed, differing  from  common  elcctro- 
maernets  in  the  Icnsrth  and  fineness  of  the 
helix,  8000  feet  of  wire,  well  covered,  be- 
ing no  uncommon  length  •  the  lever  at- 
tached to  the  armature  ot  this  mairnct  is  i 
so  delicate  as  to  affect  the  surface  if  co:it 
ed  with  a  little  dust,  or  even  stroiiL'Iv 
breathed  on.  The  immediate  use  of  it  is 
to  break  and  close  the  circuit,  consisting 
of  thcrcflrister  macnet,  small  battery-,  and 
sufficient  connecting  wire. 

Grove's  battery,  thontrli  objectioTiable 
on  account  of  the  nitric  aeitl  vapors,  is 
still  the  most  economical.  The  zinc  cyl- 
inders of  the  battery  are  2  lb.  weiL^ht 
each,  and  ca«*t  very  siiiooth.  Sul]ihate  of 
soda  is  a<lded  to  the  sulphuric  acid  in  the 
zinc  cell;  this  prevents  local  action  and 
renders  reaninlLMTnation  unncces«iary. 

The  number  of  the  cells  irive  efficiency  to 
the  battery.    Eicrhteen  members  of  Smee's  ' 
battery,  each  of  an  inch  square,  are  com- 
petent to  work  through  S'>  miles  ;  a  smi^le  1 


cell,  no  lai^r  than  a  thimble,  will  work 
through  six  miles.     A   series  of  80  of 
Grovels  battery  is  the  average  number 
for  160  miles.  'The  "  main  battery"  does 
not  require  to  be  charged  oftener  than 
once  in  5  weeks.    The  acids  of  the  '^  local 
battery"    require    doily    replenishment 
The  use  of  poles  for  the  support  of  wires 
is  universal  in  this  country.     In  Prussia, 
the  wires  are  buried  under  ground  and 
covered  with  gutta  perch s.    In  England 
they  are  generally  encased  in  a  tube  and 
lie  upon  tne  ground  or  bot  little  buried: 
latterly  they  are  being  placed  on  doIcs 
similar  to  the  practice  of  France  and  this 
country.    The  height  of  the  poles  set  in 
these  states  vary,  being  on  an  average 
80  feet,  buried  5  feet  in  earth,  and  the 
diameter  at  the  top  being  not  less  than  6 
inches ;  on  these  are  placed  glass*  c«ps  or 
rests  for  the  wire,  which  is  of  iron,  weiirh- 
ing  from  800  to  880  lbs.  per  mile.    It  is 
either  single  or  twisted,  naked  or  galvan- 
ized.   The  naked  wire  is  generally  \>yi- 
ferred,  and  cost*  from  6  to  10  cents  a  lb. 
The  great  simplicity  of  this  American 
telegraph  is  the  use  of  the  ground  as  the 
return  conductor:   thus  rendering  only 
one  wire  needful.    It  also  proves  a  better 
conductor  than  wire,  the  current  sceniinsr 
to  prefer  it.    Communication   is  easily 
established  with  it:  in  cities    a  gas  pipe 
answers ;  any  where  a  metal  plate,  bnried 
in  the  ground,  or  inuner^ed  in  a  river, 
effects  the  object.     A  hair  wire  suspend- 
ed from  the  travelling  wire  and  dipi'inf 
in  a  river  is  sufficient  to  break  the  circuit 
ns  effectually  as  if  the  wires  were  crit. 
No  mutter  how  numy  stations  irjtervcnf 
between  the  termini*,  there  is  no  slreni- 
tion  produced  on  the  current  when  the 
wires  are  well  insulated.     (Jn  one  of  the 
lines  there  are  16  stations,  eacli  of  which 
unite   with  each,  or  all  the   others,  enih 
receiver  preserving  a  closed  circuit,  wIhjc 
the    transmitting    operator    mani^uilntw 
with  his  key.    The  average  price  of  trans- 
mission is  25  cents  for  ten  words  1(X>  mile:'; 
this  is  much  below  the  Pru.*;sian  tariff.  In 
Endand  the  charsre  is  so  high  as  to  leave 
its  benefit  only  in  the  hands  of  a  few. 
A  skilful  operator  knows  by  the  sound 
of  the  call  in  his  office  where  the  intelli- 
gence comes  from,  and  the  abbreviations 
are   so   numerous  that  a  ready  jx^nnisn 
cannot  keep  up  with  the  delivery  of  a 
niessjirro :  as  many  as  25,ooo  letters  have 
been  transmitted  in  an  liour  and  a  half  by 
two  instruments  and  wire.     Chanire:«  o' 
weather  in  the  earth's  surface,  and  gene- 
ral  disturl)ance  of  atmospheric  electrical 
cquilil»rium  renders  the  insulation  inipcr* 
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feet  and  tranBmbBion  of  messages  are  put 
a  stop  to. 

The  ooantry  between  Mobile  and  New- 
Orleans  is  an  instance  of  the  difficulty  of 
writing:  through  a  damp  atmosphere,  for 
fUthongh  it  is  only  190  miles  by  telegraph 
line,  yet  it  is  with  difficulty  they  can 
write  that  distance,  and  it  requires  the 
most  strict  attention  to  the  line  to  keep  it 
in  working  order,  while  on  the  same  line 
thev  work  in  many  places  over  400  miles. 

House's  Telegraph,  machinery  is  much 
more  complex  than  Morse's,  and  co»ts  in 
construction  ten  times  as  much.  Its 
object  is  to  make  at  one  end  of  a  wire  the 
revolution  of  a  disc,  upon  whose  edge 
the  Roman  letters  are  raised  synchronous 
with  the  operations  of  a  lettered  finger 
boird  at  the  other  end  of  the  wire.  So 
tliut  at  the  touching  of  A  on  the  finger 
board,  the  wheel  presents  and  impresses 
^  on  a  slip  of  paper.  The  paoer  is 
moved,  so  tnnt  the  letters  succcea  each 
otlier,  as  in  ordinary  printing,  and  a  visi- 
ble imprecision  is  made  by  the  arrange- 
ment similar  to  the  manifold  writer.  The 
operator  at  New- York  plays  upon  his  ma- 
cninc,  like  a  lady  at  her  piano,  and  at  Boa- 
ton  a  little  ami  is  seen  revolving?  round 
and  round,  clicking  and  printing,  in  black 
letters,  R,  O,  Y,  A,  L,  E,  H,  O,  U,  S,  E, 
on  a  stri  p  of  paper.  On  Morse's  telegraph 
the  messages  nave  to  be  re-written  by  a 
penmiin  into  plain  Entrlish. 

Bain's  UUgraph. — Buin,  in  1843,  took 
out  the  patent  for  his  copyinj?  telegraph. 

The  machine  consists  of  a  drum,  on 
wliich  is  rolled  a  card,  which,  with  a 
weight  atlftched,  moves  a  train  of  wheels. 
In  t-oniiection  with  the  drum,  by  pinion 
and  iixlo  and  bent  wheel,  hanifs  a  rod,  on 
wliich  i?<  placed  a  revolving  pendulum 
supported  by  n  flexible  cord  with  a  screw 
attju'hed,  which  can  rgise  or  lower  the 
perululum  ;  to  another  wheel,  the  axle  of 
whic'li  irt  onrried  through  the  print  plate 
of  the  instrument  two  lesser  wheels  are 
attached,  upon  which  there  are  metal  cy- 
linders movable  by  a  pulley  and  axle, 
which  winds  a  sillc  cord  fastened  to  a 
steel  rod  to  the  extremity  of  which  is  a 
binding  screw  to  hold  a  fine  wire  or 
needle.  This  latter  can  be  hrouffht  into 
contact  with  the  cylinders,  any  non-con- 
duclinsr  substance  interposed  between 
the  cylindors  ami  the  needle  interruj)ts 
the  eurrent,  and  tlie  apparatus  thus  be- 
comes aviiihible  for  copyiuL'  work.  The 
motion  iriven  to  the  wheel  work  by  the 
wci'^lit  is  rendered  nniforni  by  the  revolv- 
ini:  pendulum.  A  peculiarity  in  the  fornF; 
of  tlie  otjcnpenient  gives  it  an  isochron-  j 


ons  motion  by  means  of  a  vertical  pen- 
dulum, the  length  of  which  is  regulated 
by  screws,  so  as  to  chock  any  deviation  in 
rate  of  motion  of  the  revolving  pendulum. 
Electro-magnets  are  thus  dispensed  with. 
This  apparatus  is  used  for  transmitting 
and  receiving;  for  transmission,  the 
message  may  be  written  on  tinfoil  or  paper, 
coated  with' Dutch  metaU  varnish,  or  any 
non-conductor,  or  by  moistening  the  back 
of  the  paper  and  then  writing  on  the 
metal  surrace  with  a  blunt  style.  This 
communication  is  then  laid  on  one  of  the 
cylinders,  and  a  cylinder  of  the  corres- 
ponding instrument  at  the  receiving  sta- 
tion is  covered  with  chemically  prepared 
paper.  A  current  of  electricity  oeing 
generated  by  a  battery  at  the  transmitting 
station,  is  pa.s8ed  through  the  instrument 
there  and  conveyed  by  a  single  wire  to 
the  corresponding  instruments"  at  the  re- 
ceiving station,  whence  it  returns  back 
throuarh  the  earth  to  the  battery.  As  the 
cylinders  rotate,  the  arm  descending  with 
trie  needle  traces  a  continuous  spiral  line 
from  the  top  to  the  bottom  of  tlie  cylin- 
der which  becomes  a  permanent  marlc  on 
the  chemically^repared  paper,  broken  at 
intervals,  corresponding  to  the  marks 
made  with  the  non-conducting  material 
on  the  metallized  paper. 

The  writing  may  be  made  with  a  con- 
ducting material  on  a  non-conducting 
surface,  when  the  marks  composing  the 
received  communication  will  be  repre- 
sented by  dots  and  lines  upon  a  plain 
ground. 

The  chemical  paper  consists  of  fine  thin 
paper  soaked  with  a  solution  of  yellow 
prnssiute  of  potash,  and  afterwards  dip- 
ped in  weak  nitric  acid.  This  tends  to 
facilitate  the  decomposition  of  the  prus- 
siate,  the  acid  bi-ing  a  ^ood  conductor;  a 
blue  mark  is  left  where  the  needle  touches. 

Mr,  Bain's  telegraphs  have  been  exhib- 
ited before  the  French  government,  and 
will  form  the  medium  of  telegraphing  in 
that  republic.  On  that  occasion,  a  com- 
mittee of  the  French  Legislative  Assem- 
bly, at  the  head  of  which  was  the  cele- 
brated astronomer,  Lc  V'errier,  was  ap- 
pointed to  investigate  the  merits  of  this 
invention.  They  cjuiscd  the  expernnenta 
to  bo  repeated  in  their  j>resence.  A  jnes- 
sage  consiNting  ot  several  thousand  words 
was  transmitted  to  Lille  and  back  along 
a  single  wire  (the  wire  being  uniteil  at 
Lille  so  as  to  carry  back  the  message'),  at 
the  rate  of  about  1, .'<»(>  letters,  or  nearly 
400  telcgrapliic  words  per  minute.  The 
committee  reported  favoraV)ly  of  the  pro- 
ject, and  the  government  ordered  a  set  of 
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Appmrntot  to  be  oonitraoted,  to  be  plaoed 
in  the  first  instance  on  the  lino  between 
Paris  and  Calais.  This  line  was  com- 
pleted in  the  early  part  of  laat  year  (1850), 
and  their  performance  was  witnessed  bv 
the  oonreapondent  of  a  London  jpomal. 
His  own  dispatch  was  transmitted  and 
written  by  the  apparatus  in  his  presence 
at  the  rate  of  1,000  letters  per  minute, 
probably  as  quick  as  messages  will  be 
transmitted  by  it.  The  characters  were 
perfectly  distinct,  and  the  dispatch  was 
read  from  them  also  in  his  presence. 
This  speed  is  not  always  attained.  Bain's 
telegraph  is  not  worked  in  this  country 
any  quicker  than  Morse's.  In  both  cases 
the  rapidity  depends  on  the  skill  of  the 
operator. 

Bain's  telegraph  not  only  prints,  but 
makes  marks  of  a  chemical  nature,  in 
character  nearly  like  that  of  the  Morse 
telegraph,  but  no  ^*  electro-magnet"  is 
used  except  to  rectify  operators.  By 
breaking  and  closing  the  circuit  at 
New-York,  the  pen  wnich  is  in  contact 
with  chemically  prepared  paper  at 
Philadelphia,  makes  blue  marks  on  the 
paper,  and  these  blue  marks  make  the 
message.  There  is  one  part  of  this  in- 
vention which  is  a  curiosity  in  ita  way. 
The  operator  writes  the  message  first  on  u 
strip  of  paper,  by  perforating  it  with 
small  holes,  for  the  dashes  and  the  dots, 
and  by  making  this,  in  a  very  ingenious 
manner,  break  and  close  tlie  circuit,  a 
message  may  be  transmitted  to  any  place. 
When  there  is  time  to  prepare  messages, 
this  is  a  ready  way  to  transmit  them  ra- 
pidly. This  invention  embraces  the  idea 
of  printing  a  pattern  of  calico  in  Philadel- 
phia by  breaking  and  closing  the  circuit 
in  New- York. 

O^BeiUy^s  Telegraph.  This  is  not  strict- 
ly a  distinct  telegraph,  but  a  line  of  tele- 
graphic communication  established  by 
Mr.  O'Reilly,  in  which  he  avails  himself 
of  the  Morse  line  over  most  of  the  dis- 
stances,  as  from  New- York  to  Louisville : 
thence  to  New-Orleans,  Bain's  telegraph 
is  used  now,  it  having  replaced  Messrs. 
Zook  and  Barns'  apparatus,  a  form  which 
has  not  been  patented,  but  which  had 
been  in  operotion  on  that  line.  The 
'O'Reilly  lines  extend,  besides  the  two 
distimces  mentioned,  from  Pittsburg  to 
Cleveland  and  Detroit:  from  Dayton,  0., 
by  Lake  Erie  to  Cliicago :  from  the  Oliio 
RPvcr  to  EvanBville,  connecting  the  pre- 
vious line  at  Terre  Haute  :  and  from  St. 
Louis  to  Dubuque,  Iowa,  supplying  the 
interme^linte  cities*.  The  Jsew-Orloans 
route  divides  into  two  branches,  one  of 


whioh  prooeedfl  by  ToaenmlMa,  AlA^w*a, 
to  Memphis;  the  other  proceeds  finom 
Jackson,  Miaa.,  to  Vi<^mifg,  making  « 
total  diatanoe  in  the  eontfaem  route  of 
1,100  miles.  On  this  line  also,  the  naked 
iron  wire  is  used,  it  being  found  to  act 
as  a  better  insulator  than  the  galvanized 
wire,  for,  in  the  latter  inatonoe,  when  the 
wire  ia  touched  by  leaves  of  trees,  which 
is  unavoidable  in  many  places,  the  car- 
rent  is  conveyed  off  the  i>o]ished  metal, 
but  if  the  wire  be  rusted,  it  beoomea  in- 
sulated by  that  meana,  and  the  carrant 
suffers  less  interruption. 

The  following^  was  the  extent  of  tele- 
graph communication  in  this  coontiy, 
Nov.  1847  :— 

New-York  to  Bullalo  509 

Troy  to  Saratoga 36 

Auburn  to  Elmira 8t 

Ithaca  to  BinrhamptOD 46 

Syracuse  to  Oflwego ., 39 

Buflalo  to  Chippewa,  C.  W 12 

Queenstown  to  Toronto 130 

Hamilton  to  London 75 

Toronto  to  Montreal 376 

Montreal  to  Quebec 180 

New-York  to  Wavhington,  D.a 224 

WashinfTton  to  Peterebuig 175 

'Philadelphia  to  Pittaburg 296 

Philadelphia  to  Pottsrille 106 

'Lancaster  to  York  26 

Pittaburg  to  Cincinnati 12D 

Mamiilon  to  Cleveland 136 

Cincinnati  to  I^uiavilla,  Kj 86 

New- York  to  Boston TSff 

BoRton  to  Lowell,  Man 26 

'Boston  to  Portland,  Bfaine 74 

ToUl 2989 

Contemplated  then,  since  perfected. 

Petersburg  to  New  Orieaua 1427 

BufTallo  to  Detroit 360 

Detroit  to  Milwaukie 360 

Bridgeport  to  Montreal 300 

Norwich  to  Worcester 86 

Louisville  to  St.  Louis 300 

2812 

From  Macon  to  Flanepec 1000 

Su  Louis  to  New-Orleans lOOO 

20QO 

The  line  is  couble  nearly  the  whole 
wny,  one  wire  connecting  each  interme- 
diate place,  and  one  connecting  the  ex- 
treme points.  These  lines  to  which  as- 
teriBkB  are  appended  are  adso  used  by  the 
O'Reilly  line. 

The  foregoing  are  on  the  Morse  princi- 
ple, which,^  with  a  few  minor  lines,  bring 
up  the  whole  extent  of  the  Morse  lines  to 
nearly  12,000  miles,  and  there  are  abont 
2.000  on  House  and  Bnin's  principles. 
The  telegraph  now  extends  fkx>m  Halifax 
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to  Ntw-OrieMM,  and  as  fur  wwt  as  Da- 
bnqae,  Iowa,  making  an  extant  of  S2,000 
mUea. 

A  contract  has  been  entered  into  by  the 
Mexican  Oovemment  with  Wm.  George 
8tewart,  Esq.,  the  Mexican  consul  at 
Kew-York,  and  Senor  Juan  dela  Oraiga, 
of  Mexico,  to  build  a  line  from  Vera  Gnu 
to  the  city  of  Mexico— a  distance  of  three 
hundred  milee — on  the  understanding 
that  it  will  be  in  operation  by  the  first  of 
May,  1858,  as  far  as  £1  Ojo  de  Agna,  a 
distance  of  one  hundred  and  twenty 
miles  from  the  latter  place.  Another 
line  will  soon  after  be  built  between  Aca- 
pulco  and  the  city  of  Mexico.  When 
Doth  are  completed  there  will  be  ma^etic 
communication  between  the  Atlantic  and 
the  Pacific. 

Mr.  Wm.  Robinson,  of  this  country,  is 
about  to  erect  and  manage,  in  Sweden 
and  Norway,  a  number  of  lines  of  mag- 
netic telegraph.  He  has  been  granted 
the  privilege  for  the  enterprise,  which  is 
to  endure  for  fifty  years ;  and  a  company, 
including  several  heavy  capitalists  in  this 
city  (N.'  Y.)  and  Stockholm,  has  been 
formed  under  bis  auspices. 

Messrs.  Westbrook  and  Rogers,  of  this 
country,  have  invented  a  telegraph  which 
records  signs  on  a  metric  surface  con- 
nected with  the  earth  bv  a  wire  conductor 
at  one  end,  and  to  a  galvanic  battery  and 
the  earth  at  the  other  end  of  the  circuit, 
by  the  use  of  acidulated  water  or  other 
fluid.  Tlie  patentees  claim  '*  recording 
telefrraphic  signs  on  the  sur&oe  of  a  re- 
volving metallic  cylinder  plate,  or  other 
eqnivrUent  sur&oe,  by  means  or  an  acidu- 
lated or  saline  solution,  or  water  held  be- 
tween the  point  of  the  wire  conductor 
and  the  metallic  recording  surface,  by 
means  of  a  non-conducting  porous  sub- 
stance contained  in  a  glass  or  other  non- 
condensing  reservoir  in  which  the  record- 
ing fluid  is  contained,  to  which  the  elec- 
tric current  from  the  battery  is  applied  by 
means  of  any  of  the  known  forms  of  man- 
ipulators and  anvils  used  for  making  and 
breaking  the  circuit.  The  recording  fl  uid 
being  employed  to  the  metallic  recording 
surface  substantially  in  the  manner  here- 
in fullv  set  forth,  by  which  the  use  of 
every  deseription  of  paper  is  dispensed 
with,  thereby  saving  great  expense  in 
telegraphing." 

BakowelPs  electric  copying  telegraph 
is  very  similar  to  Bain's.  Messrs  Barlow 
and  Foster  have  made  improvements  in 
inHulatiii^  and  transmitting  the  currents. 
The  limits  of  thiH  work  do  not  admit  of 
entering  upon  these  more  fully. 


On  the  87th  Aagnat,  1660,  an  expaii* 
ment  was  commenced  at  Dover,  ^nand. 
for  eatabliahing  a  telegraph  between  it  ana 
Calais,  in  France.  The  steamer  Goliath 
took  the  wires  and  maehinery  on  board. 
The  wire,  to  the  extent  of  80  miles,  and 
covered  with  gattfr-peroha,  was  wound  on 
a  drum  revoTvinig  between  the  paddle- 
wheels.  Cape6rinez,ontheFrencnooaat, 
was  fixed  as  the  point  nearest  Dover,  be- 
ing 81  miles  distant.  The  wh'es  being 
made  fiut  on  the  English  side,  and  the 
vessel  steaming  five  milee  per  near,  the 
wire  aa  it  unwound  passed  over  the  stem 
of  the  steamer  into  the  water,  and  waa 
sunk  to  the  bottom  by  weights  of  85  Iba. 
each.  The  wires  were  carried  on  the 
French  side  np  the  declivity  of  the  cape 
124  feet.  It  was  carried  up  to  Shak- 
spear^s  Cliff,  on  the  Dover  side.  On  the 
next  day,  the  batteries  being  affixed^  the 
line  worked  with  complete  success ;  the 
greatest  depth  of  water  was  180  feet. 
This  fact  has  shown  that  there  is  no  dif- 
ficulty in  telegraphing  through  the  ocean 
if  the  wires  be  not  deranged. 

It  has  been  proposed  to  extend  tele- 
graph wires  across  the  Atlantic,  between 
Halifax  or  Boston  and  the  west  coast  of 
Ireland.  It  is  difficult  to  understand, 
however,  how  these  could  be  sunk  to  the 
bottom  of  the  ocean,  which  is  between  8 
and  8  miles  deep  in  some  places^  and  if 
not  sunk  the  floating  wires  are  hable  to 
damage  fh>m  icebergs  or  fish. 

TELESCOPE.  An  optical  instrument 
for  viewing  distant  objects.  This  sub- 
ject belongs  more  properly  to  the  depart- 
ment of  science,  but  aa  it  is  an  instru- 
ment in  such  eeneral  use  a  short  notice 
will  be  given  liere.  It  is  not  the  mere 
distance  which  renders  on  object  invisible 
or  even  indistinctly  seen.  There  are 
other  causes  which  come  into  play,  such 
as  the  diminution  of  the  angle  which  the 
object  subtends  which  diminishes  as  the 
distance  increases :  og^ain.  the  light  which 
renders  the  object  visible,  becomes  less 
dense  as  the  distance  increases,  but  in  a 
much  faster  proportion,  and  all  the  rays 
of  lifirht  which  have  an  object  do  not  reach 
the  observer,  some  beinglost  in  the  air  in 
their  passage.  For  an  object  to  be  seen 
in  ordinary  daylight  it  must  subtend  at 
the  eye  an  angle  of  80".  The  least  angle 
under  which  contiguous  objects  may  oe 
dearly  distinguished  is  one  minute :  by 
the  aid  of  the  telescope  an  enlarged  imoge 
of  the  object  is  obtained,  and  within  cer- 
tain limit.H  the  object  is  not  only  appa- 
rently enlarged  but  rendered  brignter  to 
the  eye.    The  telescope,  then,  enlaTgea 
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tho  angle  under  which  objects  nre  seen. 
Its  invention  has  been  ascribed  to  vari- 
ons  persons.  Brewster  believes  that 
either  Koger  Bncon  or  Baptista  Porta 
formed  it  for  experiment.  It  has  also 
been  ascribed  to  Metius,  Lippersey,  and 
Jansen.  Lippersey  in  1608  actually  made 
one,  but  Jansen's  instrument  being  more 
notorious  roused  the  attention  of  GtUileo, 
in  1609,  who  set  about  considering  the 
means  whcrebv  dis^tant  objects  miglit  be 
rendered  visible.  He  was  soon  in  posses- 
sion of  a  telescope  which  miignifled  three 
times  :  subseqtiently  he  inorensed  its 
power  very  much,  an*d  at  tho  close  of  that 
year  he  discovered  the  satellites  of  Jupiter. 

There  are  two  kinds  of  teleHcopes,  re- 
fracting  and  reflecting  telescof)es.  The 
former  depending  on  the  use  of  appro- 
priately figured  lenses,  through  which 
the  rays  of  light  are  passed,  and  the  lat- 
ter on  the  use  of  specula  or  nolished  me- 
tal mirrors  which  reflect  the  rnys  ;  an 
inverted  inuige  of  the  object  being  form- 
ed in  both  coses  in  the  focus  of  the  lens 
or  mirror.  These  are  a  later  invention 
thun  refracting  telescopes,  which  were  of 
a  simple  character  at  first,  made  up  chief- 
ly of  a  lens,  forming  the  object -glass,  and 
an  eve-fflass  also  of  one  lens,  but  of  a 
mucfi  shorter  focus.  The  different  re- 
frangibility  of  the  luminous  rays  pro- 
duced a  series  of  prismatic  colors,  wliich 
tiujred  the  images  formed  bv  the  tele- 
scope nnd  rendered  their  outline  thereby 
indistinct. 

Under  the  article  Lens  has  been  men- 
tioned tho  various  forms  of  these  sur- 
faces, to  which  reference  may  be  had  for 
illustration  in  describing  this  instrument. 
By  combining  these  in  a  ttibe,  or  CMse,  the 
parallel  rays  from  the  object  iire  brouijlit 
to  one  point  without  loss  or  interference. 
The  nsiKed  eye  can  see  oljects  distinctly 
when  placed  at  a  ^Teat  distance,  that  is, 
when  the  rays  proceedintr  from  the  ob- 
lect  are  parallel  or  nearly  so;  consequent- 
ly if  an  object  be  placed  very  near  the 
eve,  and  it  the  ravs  which  flow  from  it 
can  be  made  to  enter  the  eye  nearly  jmi- 
rollel  to  each  other,  we  must  see  it*  uis- 
tinctlv.  This  paralleli-^m  mav  he  effected 
by  placinif  close  to  the  eye  a  convex  lens 
and  holdin'/thc  object  in  its  focus.  ]f  the 
latter  be  called  F,  and  the  cenln-  of  the 
lens  C,  bv  piacinsf  the  object  a  little  near- 
er than  V  the  rays  which  flow  troju  it 
may  receive  the  exact  dcLTce  <»f  divcrLTcn- 
cy  which  they  have  when  the  r«bjeet  is 
placed  six  inches  from  the  eye,  the  near- 
est distance  at  which  we  can  sec  minute 
objects  distinctly.     If  the  di>tani.'e   C  F 


bo  one  inch,  the  object  at  F  will  haTo  its 
apparent  magnitude  six  times  greater  than 
when  it  is  seen  at  the  distance  of  six 
inches  without  the  lens.  It  is  therefore 
said  to  be  magnified  six  times  by  the 
lens.  This  constitutes  the  single  vncro- 
acope^  and  the  magnifying  power  of 
such  may  be  always  found  by  dividing 
six  inches  by  the  focal  distance  of  the 
lens.  Thus,  a  lens  the  1-lOth  of  an  inch 
in  focal  length  will  magnifv  60  times,  and 
one  the  1-lOOOth  of  an  incL  600  times. 

To  tho  instniment  with  one  lens  which 
thus  magnifies  where  the  naked  eye  is!»ix 
inches  behind  it,  additional  magnifying 
power  may  be  given  by  bringinjr  the  eye 
within  an  inch  of  the  image,  that  is,  bv 
viewing  the  image  with  an  additional  leni« 
when  the  focal  distance  is  an  inch.  Thim 
lens  will  magnify  the  image  six  timet^, 
and  if  that  image  had  been  majrnified  *»v 
the  fonner  lens  ten  times,  then  the  mag- 
nifying effect  of  the  two  lenses  will  be 
10X6  =  60  times.  Such  is  the  agtrrffto- 
mical  telescope  by  which  objects  are  seen 
inverted,  and  the  magnifvmg  jx>wer  of 
which  is  always  equal  to  tfie  focal  lenirth 
of  the  ohjfcl-gUis«^  or  tho  lens  next  the 
object,  divided  by  the  focal  length  of  the 
eye-glass  or  the  lens  next  the  eye. 

The  principl^ibf  the  telescope  is  then 
simply  this  :  the  object-gla.s9  forms  in  its 
focus  tt  distinct  image  or  picture  of  the 
object  which,  though  very  much  smaller 
than  the  object,  is  yet  seen  under  a  much 
preater  anule,  or  mofirnified,  and  this  im- 
oire  so  innjrnifled  is  seen  under  a  still 
greater  amrlc,  or  still  farther  magnified,  by 
the  eye-glass,  which  enables  the  eye  to 
see  it  di>tinctly  at  a  distance  less  than  six 
inches.  The  Urretftrial  telescope  differs 
frofn  the  astronomical  in  having  two  ad- 
ditional lenses  placed  in  the  tube  of  the 
eye-jfhiss.  for  the  purpose  of  rcstoriuff  the 
inverted  iniaL^e  to  its  erect  position  nnd 
therein'  accommodating  the  telescope  to 
terrestrial  objects  :  tho  focad  lenir»ns  of 
these  additional  lenses  being  usually  the 
same  as  that  of  the  eye-glass.  The  per- 
formance of  these  refractinff  telescopes 
depends  most  essentially  on  tlie  g-oodness 
of  the  object-fjiass,  for  if  the  first  iinajrc 
be  liriLfht  and  <listinet  and  j)orfectly  arh- 
ri*T/nifi<\  or  without  the  prismatic  colors 
at  its  cdL'c,  there  is  little  <lifficulty  in 
forminL'  eye-pieces  to  mairnify  it  without 
causiiu'  it  to  undcrco  auv  sensible  alter- 
ation.  When  suitable  lenses  arc  obtain- 
ed, it  is  only  lu'cessarv  to  adjust  them  at 
proper  di-*tanecs  in  the  tuln.*  to  complete 
tin-  modern  telescope:  the  tulie  keeping 
oil"  the  external  ravs  which  would  other- 
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wi»e  oross  find  interfere  with  the  pftrollel 
mys  cominsr  from  the  object.  In  reflect- 
ing telescope:*  a  »peculurn  or  mirror  per- 
forms the  »ame  office  which  the  object- 
fflttHs  doei*  in  those  of  the  refVncting  kind : 
it  18  therefore  called  the  object-mirror. 
This  tele:»eope  \s>  constructed  in  various 
form:*,  ditfenng  from  each  other  chieflv 
in  reference  to  the  contrivances  whicfi 
have  been  adopted  forbringlni^  the  focal 
imaire  into  a  convenient  situation  for  be- 
injf  viewed  by  the  eye-piece.  The  chief 
forms  are  the  Newtonian,  Greprorian, 
('nsse?riinian  and  Herxchelian.  In  the 
Newtonian  telescope  tlie  mirror  was  at 
the  bottom  of  the  tube  and  the  ima<?e  re- 
ceived on  a  small  diajTonnl  plane  specu- 
lum, which  threw  the  rays  to  the  side  of 
the  tube  and  formed  the  ima^  there, 
wlien  it  could  be  viewed  by  the  eye-piece. 
In  the  Grejforian  telescope  the  incon- 
venience of  taking  a  lateral  view  is  avoid- 
ed. It  consists  in  a  concjive  speculum 
A,  B,  fixed  in  a  tube,  but  pierced  in  the 
centre  with  a  hole,  throutrh  which,  by  \ 
means  of  u  lens  or  a  combination  of  Icn-  ; 
ses,  the  im:jpe  of  the  object  is  viewed.  , 
The  rays  formiu«rthe  imui^e  of  tlie  object, 
are  incident  on  a  small  concave  mirror  C, 
previous  to  which  the  rnys  have  crossed 
themselves  at  the  focus  *,  the  imasre 
therefore  at  0  is  an  inverted  one:  this 
image  is  viewed  through  the  aperture  in 


the  mirror  where  the  plano-convex  lens 
receives  the  parallel  rays,  briiijfs  them  to 
a  focus  at  r,  at  the  farther  side  of  which 
is  pluc*c(l  the  eye-^lass  or  lens  which  re- 
ceives the  rays  diverifiiiflf  from  a?,  restores 
them  to  their  j>arellclisrn  an<l  brinjr*  the 
imiiire  back  afjain  to  an  upright  condition. 
The  observer,  in  using  this  telescope,  is 
platH'd  in  a  line  with  the  object ;  whiUt 
Ml  Newton's  he  is  at  riirht  angles  to  it. 
The  curvature  of  the  smuller  mirror  is 
uxuhIIv  Hphericiil,  thou^'h  it  should  pro- 
})crly  l)e  elliptical.  The  lurirer  mirror  if 
jfeju'riiUy  h>  porbolic.  In  the  Ca^seirrani- 
iin  t('Ic«»c  >pc  a  convex  mirror  is  suhsti- 
tutcfl  for  the  coucnvo  one. 

Mr.  Na-^niyth  h  s  jiroduccd  an  im- 
provement in  the  reflecting  telescope, 
which  consists  in  having  the  centrings 


or  tmnions  at  the  centre  of  grbvity, 
through  one  of  which  in  a  tnbnlnr  form 
the  rays  from  the  reflector  within  are 
thrown  into  the  eyes  thus  placed,  a.«*  in 
the  Newtonian  telescope,  at  the  side : 
and  the  advantnge  of  this  arrangement  is 
that  the  eye  does  not  require  to  move  on 
a  movement  of  the  telescope.  -In  order 
that  the  telescope  may  bo  accommodated 
to  objects  at  ditferent  distances,  it  is  ne- 
cessn'ry  that  the  tube  should  be  made  to 
slide  backward  and  forward,  and  the  ob^ 
ject  will  always  be  inverted  from  the  in- 
tersection of  the  rays  by  refraction,  and  it» 
use  will  bo  thus  limited.  An  erect  im- 
age may  always  be  obtained  by  adding 
two  other  convex  lenses  behind  C,  in  the 
illustration,  and  of  the  same  focal  length : 
but  a  loss  of  light  is  necessarily  produced 
by  their  use.  Spherical  aberration  may 
be  prevented  in  telescopes  in  the  same 
way  in  which  it  is  prevented  in  micro- 
scopes, namely,  by  giving  to  the  reflect- 
ing surface  such  a  confiirumtion  as  will 
enable  it  to  reflect  all  the  rays  incident 
upon  it  to  one  focus.  The  parabola  and 
ellipse  possess  this  property,  and  nothing 
but  the  mechanicalditnculty  of  construct- 
ing mirrors  of  these  figures  prevents  their 
being  employed  instead  of  spherical  mir- 
rors. If  a  concave  ey#-glas8  be  substi- 
tuted for  the  lens  C  in  the  simple  refract- 
ing telescope,  we  have  the  Galilean  teles- 
cope, which  exhibits  objects  in  an  erect 
position  and  with  very  gre.it  clearness. 

TKLT^TALE.  Tlie  did  plate  at  the 
wheel,  showing?  the  position  of  the  tiller. 

TELLURIUM.  This  rare  metal  has 
only  been  found  in  small  quantities  in 
thetrold  mines  of  Transylvania:  it  occurs 
in  tlic  metallic  state,  combined  with  gold 
or  silver.  It  is  white,  brilliant,  brittle, 
and  easily  fusible.  Its  specific  gravity  is 
about  Cyl'y.  It  is  coinbiHtible,  and  often 
exhales  a  peculiar  odor,  like  horse-radish, 
which  Rcrzelius  ascribes  to  the  presence 
of  minute  portions  of  selenium.  It  forms 
a  protoxide  and  a  j)croxi(le,  often  called 
tiUurouK  and  A  llur'w  act  Is.  Its  equivalent 
is  either  82  or  G4.  Tellurium  tbnns  a 
ga.scous  compound  with  hydrogen,  wliich 
has  been  cnlled  hif(Jrot*Vuri4'  acid. 

TEN  AdTY  OF  THE  M?:TALS.  The 
power  which  nietallic  wires  pcMsess  of 
sustaininsr,  without  breakincr,  the  action 
of  a  suspended  weight.  !See  Couesio.v, 
Strknoth  of  Matkiuaus. 

TENON.  In  architecture,  the  end  of 
a  piece  of  wood  or  tinihcr,  diminished 
usu'illy  by  one  third  of  its  thickness, 
which  is  received  into  a  hole  correspond- 
ing to  it  in  size,  called  a  mortise,  by  which 
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expedient  tlie  two  are  held  j<Aiited  or 
ftstened  together. 

TERRA  JAPONICA.  The  old  phar- 
maoeotical  deBigaation  of  the  subetanoe 
now  called  catechu.  It  was  formerly  re- 
garded as  an  earthy  mineral. 

TERRA  SIENNA.  A  brown  ocheiv 
ons  clay  brought  fVom  Sienna,  and  aome- 
timefl  used  as  a  pigment. 

TERRACK  In  architectnre,  a  raised 
natural  or  artificial  bank  for  the  purpose 
of  a£Fbrding  a  promenade. 

TERRA  COTTA,  literally  baked  day. 
is  tlie  name  given  to  statues,  architectural 
decorations,  figures,  vases,  &c.,  modelled 
or  cast  in  a  paste  made  of  pipe  or  potter^s 
day  and  a  fine-grained  colorless  snnd  (fine 
quartz),  witli  pulverized  potsherds,  slow- 
ly dried  in  the  air,  and  afterwards  fired 
to  a  stony  hardness  in  a  proper  kiln. 

TERRE-VERTE.  Green  earth.  A 
species  of  chlorite  of  a  green  or  olive  color, 
found  in  Germany,  France,  Italy,  and 
this  Continent.  Accordiiha^  to  Klnproth, 
it  is  a  hydrated  silicate  or  oxide  of  iron 
and  potash,  with  a  little  magnesia  and 
alumina.  The  ^reen  earth  of  Verona, 
once  used  as  a  pigment,  is  a  sub-species 
of  this  mineral. 

TESSELATED  PAVEMENT.  In  an- 
dent  architecture,  a  pavement  formed  of 
small  square  pieces  of  stone  called  te^ercE 
or  dies.  They  are  frequently,  indeed 
mostly,  found  inlaid  in  different  colors 
and  patterns,  and  with  a  central  subject. 
They  are  imbedded  in  cement,  and  rest 
on  prepared  hard  strata. 

TEST.  In  chemistry,  any  thing  by 
which  we  distinguish  the  chemical  nature 
of  substances  from  each  other;  thus,  in- 
fusion of  galls  is  a  test  of  the  presence  of 
iron,  which  it  renders  evident  by  the 
production  of  a  black  color  in  water  and 
other  liquids  containing  that  metal ;  in 
the  same  way  sulphuretted  hydrogen  is  a 
test  of  the  presence  of  lead,  and  nitrate  of 
barvta  of  sulphuric  acid.  In  metallurgy 
and  assaying,  the  porous  crucible  which 
absorbs  the  liquid  vitriflable  oxide  of  lead 
and  other  metals  combined  with  it  is 
sometimes  called  the  t4'H. 

TEXTILE  FABRICS.  Under  the  ar- 
tides  of  Flax,  Cotton,  and  Linen,  the 
manufacture  of  those  fabrics  is  describ- 
ed. Under  the  present  title,  only  a  few 
additional  observations  are  required  :  the 
reader  finding  further  information  under 
the  head  Weaving. 

The  first  businesB  of  the  weaver  is  to 
adapt  those  parts  of  his  loom  which  move 
the  warp,  to  the  formation  of  the  various 
kinds  of  ornamental  figures  which   the 


doth  is  intended  to  exhibit.  ThissobieeL 

is  called  the  draught,  drawing  or  reacung 
in,  and  the  cording  of  looms.  In  every 
sfMBdes  of  weaving,  whether  direct  or 
cross,  the  whole  difference  of  natters  or 
effect  ia  produced,  either  by  tne  auocee- 
sion  in  which  the  threads  of  warp  are  in- 
troduced into  the  heddles,  or  by  the  sno- 
cession  in  which  those  headlee  are  moved 
in  the  working.  The  heddles  beinir 
stretched  between  two  shafts  of  wood,  all 
the  heddles  connected  by  the  same  shafts 
are  called  a  leaf;  and  as  the  operation  of 
introdudng  the  warp  into  any  number  of 
leaves  is  ouled  drawing  a  warp,  the  plan 
of  succession  is  called  the  dranght. 
When  this  operation  has  been  performed 
correctly,  the  next  part  of  the  weaver*s 
business  is  to  connect  the  different 
leaves  with  the  levers  or  treddles  by 
which  they  are  to  bo  moved,  so  that  one 
or  more  may  be  raised  or  sank  by  every 
treddle  successively,  as  may  be  reonired 
to  produce  the  peculiar  pattern.  ^  These 
connections  beinjif  made  by  coupling  the 
different  parts  oAhe  apparatus  oy  cords, 
this  operation  is  called  the  oordii^.  In 
order  to  direct  the  operator  in  this  part 
of  his  business^  espedally  if  previously 
unacquainted  with  tne  particular  pattern 
upon  which  he  is  employed,  plans  are 
drawn  upon  paper.  These  plans  are  hor- 
izontal sections  of  a  loom,  the  heddles  be- 
ing represented  by  lines  across  the  ptt]>er, 
and  the  treddles  under  them,  and  crossing 
them  at  right  angles.  In  actual  weavinsr. 
the  treddles  are  placed  at  right  angles 
to  the  heddles,  the  sinking  cords  descend- 
ing perpendicularly  as  nearly  as  possible 
to  the  centre  of  the  latter.  Placing  them 
at  the  left  hand,  therefore,  is  only  for 
ready  inspection  and  for  practical  conve- 
nience. The  right  hana  thread  pusses 
through  the  eye  of  a  heddle  npon  the 
back  leaf  and  is  disconnected  with  all  the 
other  leaves*  the  next  thread  passes 
through  a  headle  on  the  second  leaf;  the 
third,  through  the  third  leaf;  the  fourth, 
through  the  fourth  leaf;  and  the  fif\h, 
through  the  fifth  or  front  leaf.  One  set 
of  the  draught  being  now  completed, 
the  weaver  recommences  with  the  buck 
leaf,  and  proceeds  in  the  same  succc:*- 
sion  again  to  the  front.  Two  set*  of 
the  draught,  similar  to  the  one  which 
had  l)een  furnislicd,  it  is  understood  by 
weavers  (who  seldom  draw  more  than 
one  i*ct \  must  be  repeated  until  the  warp 
ooiu'lu(le<l.     When   they   proceed   to 
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apply  the  cords,  the  right  hand  part  of 
the  plnn  serves  as  a  guide.  In  all  the 
plans  furnished  to  the  weavers,  excepting 


orcLOFKoiA  or  raw  vnoroL  Aaaa. 


one,  vbicli  atuU  ba  notJced,  a  oonneetion 

must  be  rormeil,  by  cording,  between 
every  leaf  of  hoddlei«nJ  ovety  treddio  ; 
for  ill  tbe  leaves  must  either  rtso  or  sink. 


.inking  conuectioD 
is  carried  diredJy  from  under  Ihe  losf  W 
tbe  treddls.  To  direct  a  weaver  which  of 
these  oonnectiDQS  is  to  be  formed  with 
each  treddla,  a  black  ipot  is  placed  when 
a  leaf  is  to  be  nused,  where  tbs  leaf  and 
traddle  interaecc  each  other  apoa  the 


left  Mank.  Those  i 
lomed  to  inanufactn 
mcQted  dolhe,  nev 


e  been  I 


there  intervals  they  nieriil^i 
lioD  of  tbe  drntifiht,  i 


maiiyiines  across  the  former  ■ 
an  interval  for  each  troddie; 
aquares  produced  by  the  inle 
these  linea,  they  place  the  do 


lines  which  denote  the  treddlo  a  conalU 
erable  length  beyond  the  inletBectioni 
and  lo  mark  by  dots,  placed  diagonally  i 
the  intervals,  tlie  order  or  euccesDion  i 
wliich  the   trcddlea   ate  to    be   presso 

THEODOLITE.      A   moat    importar 


>lJng  on  the 

spirit  levels. 


uotiUI  anrler,  or  the  angular  diKtaiiccn 
between  objects  frojected  on  the  plane  of 

ly  constructed,  and  provided  witli  sub- 
ordinate appantue,  acconliii(r  to  the 
price,  or  the  particafar  puyoses  lo  which 
It  is  to  be  applied.  One  of  tbe  niosl  gen- 
erally oseftil,  eonsints  of  two  concentric 
horizontal  circular  plates  A  and  B,  which 
turn  freely  on  each  other.  The  lower  or 
ffTBdnnled  plate  B,  contains  the  divisions 
of  tbe  circle,  and  the  upper  or  vernier 
jilate  has  two  vernier  (Tivisiona  a,  dia- 
motrieally  opposite,  only  one  of  which  is 


le  other.  Tiic  cMertKit 
tlie  irradiuLted  plalo  B, 
:o  the  vamier  plate  A. 


againat  a  plate  of  inelal 
atalf-bead  aupportinc  t) 
Tbe  vernier  plate  carries  t 
c  c  at  ri^lit  angles  to  each  other,  with 
their  proper  adjusting;  screws,  by  which 
the  circle  is  brought  sccurately  into  the 
horiionial  plane  mdiualed  by  the  levels. 
The  horizontal  aiiH  of  the  vsrtioal  limbol 
pported  by  a  f^me 


ittached  to  the  vernier  plate,  and  tnro- 

ith  it  about  the  vertical  axis. 

rizontal  axie   D.  a  telescope, 

I  attached, 

plane,  by 


:he  graduated  circle  £,  and  ia  used  for 
ibservini-  the  objects  whose  angnlar  dis- 
MDca  is  lo  be  measured,  and  also  tor  tak- 
ing altitudes,  or  measuring  vertical  an- 
gles; a  spirit  level  is  filed  beneath  the 
felescope  for  its  adjustment.  F  ii  a  mi- 
rroncopo  for  reading  off  the  vernier  divi- 
>.  The  screws  g.  A,  are  for  regulsling 
nal  part  of  the  vertical 


between  any  two  ol^ 
in  turned  round  aloiiu  wiiu  n 
circle  (the  urulnaltd  circle 
axed),  until  it  is  brouifht  to  b" 
upon  one  of  tliu  objects ;  itisll 


e  tele«c< 


"J* 
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round  nntil  it  is  broticrht  to  bear  on  the 
other  object,  and  the  arc  which  the  ver- 
nier has  deBcribed  on  the  ^rradnated  cir- 
cle, measures  the  angle  required.  The 
observation  may  be  repeated  any  number 
of  times  in  order  to  insure  accuracy,  by 
means  of  a  repeating  stand,  -which  turns 
round  concentrically  with  the  vertical  axis 
of  the  theodolite.  The  theodolite  is  not 
only  a  most  essential  instrument  in  tri- 
gonometrical surveying  for  determining 
stationit,  and  running  base-lines,  but  also 
in  geodetical  operations,  for  assisting  in 
determining  the  length  of  an  arc  of  the 
meridian.  For  this  latter  purpose  it  re- 
quires to  be  constructed  on  a  large  scale. 

THERMOMETER.  An  instrument  for 
measuring  variations  of  heat  or  tempera- 
ture. 

The  principle  upon  which  thermome- 
ters are  constructed,  is  the  change  of  vol- 
ume which  takes  place  in  bodies  when 
their  temperature  undergoes  an  altera- 
tion. Generally  speakinjr,  nil  bodies  ex- 
pand when  heated,  and  contract  when 
cooled,  and  in  such  a  manner  that,  under 
the  same  circnmstancca  of  tenipenitnre, 
they  return  to  the  same  dimenBions ;  so 
that  the  change  of  volume  becomes  the 
exponent  of  the  temfHjniturc  which  pro- 
duces it.  But  as  it  is  necessary  not  mere- 
ly that  expansion  and  contraction  take 
place,  but  that  they  be  capable  of  being 
conveniently  observed  and  measured, 
02ly  a  small  number  of  bodies  are  adapted 
for  thermometrical  purjioscs.  Solid 
bodies,  for  example,  undergo  so  small 
a  change  of  volume  with  moderate  varia 
tions  of  temperature,  that  they  are  in 
general  only  used  for  measuring  very 
high  temperatures,  as  the  heat  of  fur- 
naces, of  melting  metals,  &c.  Instru- 
ments for  such  purposes  arc  called  py- 
rometers. (SVd  Pyrometer.)  The  gaseous 
fluids,  on  the  other  hand,  are  extremely 
susceptible  of  the  impressions  of  heat  anil 
cold;  and  as  their  cnanges  of  volume  are 
threat  even  with  moderate  accessions  of 
heat,  they  arc  only  adapted  for  in<licating 
very  minute  variations,  or  for  forming 
diJFerfniial  thermometers.  (>Vf  Differ- 
ential Thermometer.)  Liquids  hold  an 
intermediate  place ;  and  by  rea.son  of 
their  moderate  but  sensible  expansion 
through  the  ranges  of  temperature,  within 
which  observations  have  to  be  made  for 
by  far  the  greater  number  of  puq^osos, 
are  commonly  used  for  the  construction 
of  thermometers.  Various  liquids  have 
>^een  proposed,  as  oils  ether,  spirits  of 
wine,  and  mercury;  nut  scarcely  any 
other  than  the   two  last  are  now  ever 


used,  and  mercury  by  far  the  moet  gen- 
erally. 

The  ordinary  mercurial  thermometer 
consists  of  a  'glaaa  tube,  with  a  bnlb 
blown  at  the  lower  end.  Some  mercury 
is  boiled  in  the  tube,  ond  the  whole  of 
the  atmospheric  air  driven  away  by  im- 
mersing the  open  end  of  the  tube*  in  a 
cup  of  quicksilver ;  it  rises  in  the  glass 
as  the  latter  cools.  It  is  again  lieatcd, 
and  closed  at  the  open  end.  It  is  then 
immersed  in  melting  ice  and  in  boiling 
water.  The  heights  at  which  the  quick- 
silver stands  in  these  cases  respectively, 
are  marked  82°  and  212°.  The  inter\eniug 
space  is  divided  into  180°,  to  m.ike  a 
Fahrenheit  thermometer,  and  1(X>°  to 
make  a  centigrade  thermometer.  Alco- 
hol thermometers  are  used  to  indicate 
degrees  of  cold,  as  that  liquid  cannot  be 
broken. 

The  differential  tliermnmeter  consists  of 
two  legs' connected,  with  a  fluid  working 
betAvecn  them  as  either  is  made  hotter 
than  the  other.  It  has  a  scale,  but  is  not 
very  accurate. 

Tfhermometers  are  often  slow  in  exhib- 
iting the  heat  of  new  situations,  and  time 
should  always  be  allowed,  according  to 
circumstances,  for  the  progression  of  the 
atomic  motion  into  or  out  of  the  mercury 
in  the  bulb. 

The  degrees  of  Celsius,  or  the  cen- 
tigrade scale,  when  desired,  may  be 
found  by  adding  or  subtracting  for 
ever}-  degree  1*8  degree  to  or  from  the 
degree  of  Fahrenheit,  and  those  of  Reau- 
mur, by  adding  or  subtracting  2*25  de- 
grees to  or  from  Fahrenheit. 

TIIEKMOSTAT,  is  the  name  of  an  ap- 
paratus for  rejrulating  temperature,  in 
vaporization,  distillation,  heating  baths 
or  hot-houses,  and  ventilating  apart- 
ments, &c. ;  for  which  Dr.  Ure  obtained 
a  patent  in  the  year  1831.  It  operates 
upon  the  physical  principle,  that  when 
two  thin  metallic  bars  of  aitferent  expan- 
sibilities are  riveted  or  soldered  facewise 
together,  any  change  of  temperature  in 
them  will  ciiuse  a  sensible  movement  of 
flexure  in  the  compound  bar,  to  one  side 
or  other;  which  movement  maybe  mrule 
to  operate,  by  the  interv'cntion  of  levers, 
tfec,  in  any  desired  desrree,  upon  valves, 
f»to[>-eocks,  stove-registers,  air-ventila- 
tors, <fco. ;  so  as  to  regulate  the  tempera- 
ture of  the  media  in  which  the  said  com- 
pound bars  are  placed.  Two  long  rulers, 
one  of  steel  and  one  of  hard  hammered 
brass,  riveted  together,  answer  ver>'  well; 
the  ol)ject  being  not  simply  to  indicate^ 
but  to  control  or  modify  temperature. 
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THRASHING  MACHINE.    The  em- 
ployment of  thrashing  machines  relieves 
the' laborers  from  the  severest  drudgery 
incident  to  agriculture ;  they  enable  the 
work  to  be  done  at  the  time  there  is  a  de- 
mand for  com ;  and,  by  doing  it  better,  or 
separating  the  grain  (particularly  of  wheat^ 
more  oompletelv  fVoni  the  straw,  they  add 
both  to  the  wealth  of  the  farmer  and  the 
produce  of  the  country.    To  the  farmer  of 
this  continent  they  are  invaluable,  as  sav- 
ing the  price  of  manual  labor.  This  latter  is, 
indeed,  a  motst  important  consideration.  It 
i.s  calculated,  by  the  best  informed  agricul- 
turists, that  5  per  cent.,  or  one-twentieth 
part,  more  produce  is  afforded  by  a  crop 
thrashed  bv  machinery  than  by  the  old 
method.  The  modern  thrashing  machine 
was  invented  in  Scotland,  about  the  year 
175S,  by  a  farmer  in  the  parish  of  Dnm- 
blaine,      Perthshire,      and     aflerwards 
broujrlit  to  nearly  ita  present  state  of  per- 
fection by  Mr.  Mcikle,  a  millwright  of 
Haddingtonshire,   about  the  year  1786. 
Meikle's  thrashing  machine  consiAa  of  a 
cylinder  furnished  with  beaters  fixed  on 
its  circumference,  to  which  tlie  corn  be- 
ing presented  by  rollers,   the  ears  are 
beat  in  pieces ;  and  while  the  grain  drops 
throucrh    a   grating   into    a  winnowing 
machine,  the  straw  is  carried  forward, 
and  delivered  by  itself  ready  to  be  made 
up  into  bundles.    Some  thrashing  ma- 
chines only  beat  out  the  com,  and  sepa- 
rate it  from  the  straw ;  while  others  beat 
it  out,  winnow  it,  and  sift  it. 

These  machines  may  be  driven  by 
horse,  cattle,  wind,  water,  or  steam. 
The  latter  is  almost  the  only  power  now 
used. 

THIEVES'  VINEGAR,  is  a  solution 
of  camphor  and  es.'^cntial  oils  in  vinegar, 
and  is  listed  a»  a  preventive  to  contngion. 
TILT-HAMMEK.  A  heavy  hammer 
used  in  iron-work«,  which  is  worked  by 
ninchinery,  impelled  either  by  a  water- 
wheel  or  a  stearn-enjfine.  Such  hammers 
arc  extensively  used  in  the  munufucturc 
of  iron  and  steel.  The  hnmmcr  used  for 
Immmerinsf  the  hhrnm*  of  iron,  is  usually 
called  a  lift  or  hdre  haimner,  and  is  some- 
times of  the  eiionnous  weiirht  of  six  tons. 
The  lilt-hammer,  properly  so  called,  is  of 
liu'hter  dimensions,  and  is  worke<l  with 
greater  rapidity  ;  a  specimen  of  the  kind 
ustiiiily  em[iloyed  in  the  inanntucture  of 
steel,  njid  in  the  forL'iiik''  of  anchors, 
a\h"<,  <\:c.,  is  re|>resentcil  in  the  aecom- 
"miiyiuLf  (-nirriviii:^'.  </,  is  tiic  sliaiik  or 
u-lve,  nsiialiy  t'orincl  of  liiiihi-r,  :ind 
sometimes  of  wnuiLrlit  iron  ;  it  is  hung 
upon  an  axis  at  about  one-third   of  its 


length,  and  is  worked  by  a  series  of  re- 
volving cams  or  tappets  c  r,  fixed  into 
the  circumference  of  the  earti-ring  6, 
mounted  upon  the  shaft  of  a  steam-engine 
or  wator-wneel.  These  cams  act  succes- 
sively by  depressing  the  shorter  limb  of 
the  shank  a,  until,  by  the  continued  re- 
volution, it  is  disengaged,  and  the  oppo- 
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site  extremity,  armed  with  a  heavy  oost- 
iron  hammer  d^  descends  with  consider- 
able force  upon  the  anvil  e.  Thus  a  re- 
petition of  dIows  is  kept  up  as  long  as 
mav  be  required. 

TIN,  is  rather  a  scarce  metal,  found  in 
few  parts  of  the  world  in  any  quantity. 
Comwall  is  its  most  productive  source ; 
it  also  occurs  in  the  mountains  between 
Gallicia  and  Portugal,  and  in  those  be- 
tween Saxony  and  Bohemia,  and  in  Cali- 
fornia. Tin  nas  also  been  brought  from 
the  peninsula  of  Malacca  in  India,  Borneo, 
and  from  Chili  and  Mexico.  There  are 
onlv  two  ores  of  tin,  the  native  ]>eroxide, 
and!  the  double  sulphuret  of  tin  and  cop- 
per: the  latter,  sometimes  called  btU- 
metal  ore,  is  extremely  rare  ;  and  it  is  ex- 
clusively from  the  former  that  the  com- 
mercial demands  are  supplied.  In  Com- 
wall, the  native  peroxide,  or  tin  9ton4 
(which  is  usually  blended  with  oxides  of 
iron  and  manganese),  occurs  in  reinn^  and 
in  loose  grains  and  nodules  in  alluvial 
soil ;  the  latter  is  called  strf-am  tin,  and 
from  it  the  purest  metal  is  obtained. 
The  ore  is  reclueed  by  a  very  Hiniple  pro- 
cess ;  it  is  trround,  wtushed,  and  roasted 
in  a  reverberatory  furnace ;  it  is  then 
mixed  with  charcoal  or  coke  of  coal  and 
limestone,  and  strongly  heated,  so  as  to 
bring  the  whole  into  fusion,  which  is 
ke|)t  uy>  for  eight  or  ten  hours  :  the  lime 
couihines  with  the  earthy  nuittcrs  of  the 
ore  into  a  fusible  slaif,  wliile  the  coal  re- 
duees  the  oxide  to  a  metallic  s^tate,  and 
the  fustid  metal  is  drawn  out  at  the  bot- 
tom of  the  furnace  into  a  clay  mould. 
In  this  impure  state  it  is  e\j)osed  to  a 
heat  ju'tt  sutKeicnt  to  melt  the  jmu'c  tin, 
which  runs  off  into  a  kettle,  while  the 
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l«es  fosible  immmties  remain  behind: 
in  the  kettle,  tne  tin  is  kept  in  ftiBion, 
and  agitated  hf  planning  pieces  of  wet 
charcoal  into  it,  which  causes  a  quantity 
of  dross  to  rise  to  the  snrfaoe,  where  it  is 
akimmed  off,  and  the  purified' metal  is 
then  cast  into  blocks  of  about  ft  cwt. 
each. 

The  stream  tin  is  smelted  by  charcoal ; 
and  the  mass  of  gnun  tin  obtained  by  ' 
such  reduction  is  heated  and  let  fall  ftt>m 
a  height,  by  which  it  splits  into  masses 
of  a  columnar  fracture,  which  character- 
ises the  pure  metal. 

Pure  tm  is  a  white,  brilliant  metal.    It 
has  a  slight  taste  and  smell  when  rubbed, 
and  its  hardness  is  intermediate  between 
that  of  gold  and  lead.  Its  specific  gravity 
is  7*2.    It  is  very  malleable ;  and  one  of 
its  most  useftil  forms  is  that  of  foil, 
which  is  made  by  beating :  it  is  about  a 
thousandth  of  an  inch  in  thickness.    Its 
ductility  and  tenacity  are  inferior  to  most 
of  the   other  malleable  metals.     A  tin 
wire  78  thousandths  of  an  inch  in  diame- 
ter will  not  support  more  than  88  pounds 
without  breaking.    It  produces  a  pecu- 
liar   crackling    noise  when    beat.      Ex- 
posed to  air,  it  soon  becomes  superficially 
oxidized ;  and  when  melted,  successive 
films  of  a  gray  powder  form  upon  ito  sitr- 
face.    The  temperature  at  which  it  melts 
is  about  442°.    At  a  white  heat  it  takes 
fire,  and  bums  with  a  bright  flame.    The 
equivalent  of  tin  is  58.    It  forms  two 
oxides.    The  protoxide  is  thrown  down 
by  alkaline  carbonates  from  an  aqueous 
solution  of  protochlorido  of  tin ;    and 
when  dried  and  heated  out  of  the  con- 
tact of  air,  its  water  is  expelled,  and  it 
remains  in  the  form  of  a  dark  substance, 
of  the  specific  gravity  6-6.    It  bums  like 
tinder,  and  becomes  converted  into  the 
peroxide.    It  is  soluble  in  sulphuric  and 
hydrochloric,  and  in  dilute  nitric  acid, 
and  in  the  pure  fixed  alkalies.    Its  salts 
have  a  strong  attraction  for  oxygon,  and 
easily  pass  into  {)ersalts ;  so  tliat  it  is  a 
powerful  deoxidizing  offent,  and  is  often 
used  as  such  in  some  of  the  chemical  arts. 
When  a  solution  of  protochloride  of  tin  is 
dropped  into  a  solution  of  perchloride  of 
gola,  a  purple  precipitate,  called,  from  its 
inventor,  purple  of  Cassias,   is  thrown 
down:  it  appears  to  be  a  compound  of 
peroxide  or  tin  with  protoxide  of  gold, 
and  its  formation  depends  upon  the  de- 
oxidizing  power  of  the  solution  of  tin. 
When  tin  toil  is  put  into  nitric  acid,  there 
is  violent  action,  attended  by  the  decom- 
position of  the  acid  and  the  peroxidize- 
ment  of  the  tin,  which  is  thus  converted 


into  a  white  powder:  thia,  when  edul- 
corated and  dried  at  a  red  heat,  aoquiraB 
a  yellow  tint.    It  does  not  easily  form 
permanent  compounds  with  the  acids' 
out  it  unites  with  the  pure  alkalies,  ana 
forms  soluble  eompounds,  which  have 
Bometimea  been  called  atannatet^  and  the 
peroxide  itself  tiannie  acid.     The  two 
oxides  of  tin  are  respectively  oomposed  of 
58  tin  and  8  oxygen,  and  58  tin  and  16 
oxygen  :  their  equivalents,  therefore,  are 
66  and  74.    Tin  and  dilorine  also  com- 
bine in  two  proportions :  ih^  ontod^lorid* 
of  tin  is  formea  by  passing  nydrochlorie 
add  gas  over  metaUic  tin  gently  heated 
in  a  glass  tnbe,  or  by  heating  a  mixture 
of  equal  weights  of  tin  filings  and  calo- 
mel, when  it  remains,  aAer  driving  off 
the  mercury,  in  the  form  of  a  gray  solid, 
fusible  at  a  red  heat,  and  volatile    at 
higher  temperatures.    Ita  aqneoua  soln- 
tion  is  commonly  termed  proiamurUrU  i^ 
tin.    When  tin  foil  is  heated  in  excess  of 
gaseous  chlorine,  or  when  1  part  of  tin 
fllingAs  mixed  with  8  of  corrosive  aob- 
limate  and  heated,  a  volatile  liquid  dis- 
tils over,  which  is  percldoridB  of  Hn^  and 
its  aqueous  solution  forms  the  pertmmriaU. 
Exposed  to  air,  it  is  deoompoaed  by  the 
aqueous  vapor  of  the  atmosphere,  and 
exhales  dense  white  fumes :  hence  oUled, 
afYer   its    discoverer,  fwning   Utpinr  t^ 
Liharius.     Both  the  protomuriate   and 
permuriate  of  tin  are  used  by  dyera  and 
calico-printers.    The  former  is  prepared 
by  heating  granulated  tin  in  strong  hy- 
drochloric add,  as  long  aa  hydrogen  con- 
tinues   to  be   evolved ;    the    latter,    bj 
gradually  dissolving  granulated  tin  in  a 
mixture  of  two  parta  bv  measure  of  hy- 
drochloric add,  one  of  nitric  acid,  and 
one  of  water.    These  chlorides  of  tin  are 
respectively  composed  of  58  tin  and  86 
chlorine,  and  58  tin  and  72  chlorine^  and 
are  therefore  represented  by  the  equiva- 
lents 94  and  180. 

W^hen  melted  tin  and  sulphur  are 
brought  together,  a  black  prvtosulpharH 
of  tin  is  formed.  The  bitnuphvret  of  tm 
is  a  yellow  glistening  substance,  some- 
times called  Mosaic  gold  {avrwn  ni««i- 
vum),  and  used  in  ornamental  japan- 
work.  It  is  prepared  by  heating  m  a 
glass  retort  2  parts  of  peroxide  of  tin,  9 
of  sulphur,  and  1  of  sal  ammoniac,  and 
maintaining  n  low  red  heat  till  sulphurous 
acid  ceaf*e8  to  be  evolved.  The  sulphuret 
and  hisulphiiret  of  tin  are  constituted  of 
58  tin  and  16  sulphur,  and  58  tin  and  82 
sulphur ;  and  have,  therefore,  the  equiv- 
alents 74  and  80. 
TINCAL,  cnide  borax. 
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TINFOIL.    (ifMTni.) 

TIN-PLATE.  The  only  alloy  of  iron 
interestinff  to  the  arts  is  that  with  tin,  in 
the  formation  of  Un^laU  or  wkUs-iron. 

The  sheet  iron  intended  for  this  mann- 
facturo  is  refined  with  charcoal  instead  of 
ooke,  subsequently  rolled  to  various  de- 
grees of  thinness,  and  cut  into  rectan|fle» 
of  different  sizes,  by  means  of  a  sheanne- 
machine  driven  oy  a  water-wheel,  which 
will  turn  out  100  boxes  a  day,  or  four 
times  the  number  cut  by  hand-labor. 
The  first  step  towards  tinning  is  to  flree 
the  metallic  surface  iVom  every  particle 
of  oxide  or  impurity,  for  any  such  would 
inevitably  prevent  the  iron  from  slloving 
with  the  tin.  The  plates  are  next  bent 
separately  by  hand  mto  a  saddle  or  \ 
shape,  and  ranged  in  a  reverberatory 
oven,  so  that  the  flame  may  play  freely 
among  them,  and  heat  them  to  redness. 
They  are  then  plunged  into  a  bath,  com- 

Sosed  of  fbar  pounds  of  muriatic  acid, 
iluted  with  three  gallons  of  water,  for  a 
few  minutes,  taken  out  and  drained  on 
the  floor,  and  once  more  exposed  to  igni- 
tion in  a  fhrnaoe,  whereby  tney  are  icaUdy 
that  is  to  say,  cast  their  scales.  An 
ordinary  bath  will  sufllce  for  scaling  1800 

{)late8.  When  taken  out,  they  are  beaten 
evel  and  smooth  on  a  oast-iron  block, 
after  which  they  appear  mottled  blue  ana 
white,  if  the  9oaUng  has  been  thoroughly 
done.  They  are  next  passed  throngn 
dtiiUd  rolls  or  cast-iron  cylinders,  render- 
ed very  hard  by  being  cast  in  thick  iron 
moulds.  After  this  process  of  odd  roUing^ 
the  plates  are  immersed,  for  ten  or  twelve 
hours,  in  an  acidulous  ley,  made  by  fer- 
menting bran-water,  takmg  care  to  set 
them  separately  on  edge,  and  to  turn 
them  at  least  once,  so  that  each  may  re- 
ceive a  due  share  of  the  operation.  From 
this  ley-steep  the^r  are  transferred  into  a 
leaden  trousn,  divided  bv  partitions,  and 
charged  with  dilute  sulpfinric  acid.  Each 
compartment  is  called  a  hole  by  the  work- 
men, and  is  calculated  to  receive  about 
225  plates,  the  number  afterwards  packed 
up  together  in  a  box.  In  this  liquid  they 
are  agitated  about  an  hour,  till  they  be- 
come perfectly  bright,  and  free  from  such 
black  spots  as  might  stain  their  surface 
at  the  time  of  immersion.  Thiei  proccHs, 
called  pickling,  is  both  delicate  and  dis- 
agreeable, requiring  a  good  workman,  at 
high  wages.  The  temperature  of  the  Inst 
two  8tceb»  should  be  at  least  90°  or  100<^ 
F.,  whicri  is  kept  up  by  stoves  in  the 
apartments.  The  plates  are  finally  scoured 
with  hemp  and  sand  in  a  body  of  water, 
and  then  put  aside  for  use  in  a  vessel  of 


pvre  wAter,  under  which  they  remain 
Dright  and  fk«e  ftt>m  rust  for  many 
months,  a  veiy  remarkable  drcnmstance. 

The  tinmng  follows  these  preparatory 
steps.  A  range  of  rectangular  cast-iron 
pots  is  set  over  a  fire-flue  in  an  apartment 
called  the  ttow^  the  workmen  stationing 
themselves  opposite  to  the  narrow  ends. 
The  first  rectangle  in  the  range  is  the 
tin-pot  j  the  second  is  the  wash-pot,  with 
a  partition  in  it ;  the  third  is  the  grease- 
pot  ;  the  fourth  is  the  pan,  grated  at  bot- 
tom; the  fifth  is  the  list-pot,  and  is 
ffreatly  narrower  than  any  of  the  rest : 
they  are  all  of  the  same  length. 

The  prepared  plates,  dried  by  mblnng 
bran  upon  them,  are  first  immersed  one 
by  one  in  a  pot  filled  with  melted  tallow 
alone,  and  are  left  there  for  nearly  an 
hour.  They  are  thence  removed,  with 
the  adhering  grease,  into  the  fLr^t  pot. 
filled  with  a  melted  mixture  of  block  ana 
grain  tin,  covered  with  about  four  inches 
of  tallow,  slightly  carbonized.  This  pot 
is  heated  by  a  fire,  playin|ic  under  its  bot- 
tom and  round  its  sides,  till  the  metal  be- 
comes so  hot  as  nearly  to  inflame  the 
grease.  Here  about  840  plates  are  ex- 
posed, upright,  to  the  action  of  the  tin 
for  an  hour  and  a  half^  or  more,  according 
to  their  thickness.  They  are  next  lifted 
out,  and  placed  upon  an  iron  grating,  to 
let  the  superfluous  metal  drain  off;  but 
this  is  more  completely  removed  in  the 
next  process,  called  ¥>aithing. 

The  plates  are  then  dipped  in  the  pot 
containing  the  melted  metal.  They  are 
then  lifted  out  with  tongs,  rubbed  with  a 
brush,  re-dipped  in  the  tin,  and  then  im- 
mersed in  the  grease-pot.  It  is  dipped  a 
third  time,  and  the  nm  of  tin  removed 
from  the  under  edge  of  the  plate  by  dip- 
ping the  edge  in  molted  metal,  when  the 
superfluous  metal  becomes  detached. 
They  are  flnally  rubbed  with  bran  to  free 
them  from  tallow,  and  then  packed  up  in 
boxes. 

CryHaUizid  tin-plaUf  (see  Montxs  Ms- 

TALLIQUE.) 

TITANIUM.  A  rare  metal,  discovered 
by  Gregor  in  a  mineral  from  Cornwall 
called  menachanile.  Its  characters  were 
flrat  ascertained  by  Kiaproth,  who  gave 
it  the  obovc  name.  In  tlie  year  1822,  Dr. 
Wolloston  a.scertained  that  the  minute 
copper  -  colored  crystals,  occasionally 
found  in  the  slag  of  the  iron-smelting 
furnaces  at  Merthyr  and  elnewhere,  were 
pure  titanium  ;  and  it  is  to  him  that  we 
are  indebted  for  a  precise  account  of  its 
properties.  In  this  stntc  it  has  a  copper 
color    is   extremely  infusible,   and  of  a 
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specific  g^rovity  of  5*8  ;  it  is  so  hard  as  to 
scratch  not  only  gloss,  bat  crv&tAl.  It 
resiHts  the  action  of  air  and  acid»,  but  is 
oxidized  by  the  action  of  nitre  at  a  red 
heat.  Titanium  appears  sui^ceptible  of 
two  decrees  of  oxidizement.  The  protox- 
ide of  titanium  is  blue  or  purple,  and  ap- 
pears to  constitute  the  mineral  OEilIed  an- 
aiase.  The  peroxide,  or  titanic  acid, 
exists  nearly  pure  in  iitaniU  or  rutUU^^ 
and  is  combined  with  the  oxides  of  iron 
and  manganese  in  menachanite. 

TOBACCO.  The  dried  leaves  of  the 
Nicotiana  tabaeum^  a  plant  indigenous  to 
this  continent,  but  wiiich  succeeds  very 
well,  and  is  extensively  cultivated,  in 
most  parts  of  the  Old  World.  The  recent 
leaves  possess  very  little  odor  or  taste ; 
but  when  dried,  their  odor  is  strong, 
narcotic,  and  somewhat  foetid ;  their  t:uste 
bitter,  and  extremely  acrid.  When  well 
cured,  they  are  of  a  yellowish  green  color. 
When  distilled,  they  yield  ah  essential 
oil,  on  which  their  virtue  depends,  and 
which  is  said  to  be  a  virulent  poison. 
The  leaves  are  used  in  various  ways^  be- 
ing chewed,  smoked,  and  grounH,  and 
manufactured  into  snuff.  It  is  in  the  lost- 
mentioned  form  that  tobacco  is  princi- 
pally used  in  Great  Britain,  and,  though 
the  contrary  has  often  been  asserted,  its 
use  does  not  seem  to  have  been  produc- 
tive of  any  perceptible  bad  consequence. 

The  term  toitaceo  is  probably  derived 
fVom  Tabaco,  a  province  of  Yucatan, 
where  it  was  first  found  by  the  Spaniards. 
To  Sir  Francis  Drake  and  Sir  Walter 
Kaleigh  has  been  ascribed  the  honor  of 
having  introduced  it  into  England,  nearly 
three  centuries  ago. 

For  some  years,  past  it  is  believed,  so 
far  as  can  be  ascertained,  there  has  Ix-en 
a  comnarativo  falling  oft'  of  the  tt'hacco 
croporthe  country.  The  reason  ol'lliis  is 
to  be  f(»und  probably  in  the  I'aet  of  the  ex- 
haustion of  the  hinds  devoted  to  this  pro- 
dnct  in  the  largest  toV>acco  L'rowiny:  n-Lrions 
of  the  Atlantic  States  ;  especially  of  Mary- 
land, Virginia,  and  South  Carolina,  while 
there  has  not  he«'n,  as  in  the  ease  of  the 
cotton  crop,  sufticient  a<ldilional  land>  in 
the  other  part;^  of  the  country  hn»u«:lit 
into  cultivation  to  supply  the  dtii<iency. 
It  is  capable  of  l>eini.'  rai>ed  in  ev<rv 
state  in  the  rnion  ;  jind  a  larL'c  hrt  adtli 
of  lan<l  is  laid  <»ut  for  it  so  t".ir  north  as 
New  York.  When  the  jilanls  are  ureon, 
tln'V  arc  <lri('d  for  kec]>inLr.   • 

TIic  pliM^s  arc  I'.UM'j"  up  to  dry  durlncr 
founT  \\\v  \\ivk<.  ;  takrn  d<i\vn  on;  a\'  \  l,f 
sheds  in  damp  weallur,  for  in  dry  they 
would    be   apt    to    cruinMe    into    jiieees; 


stratified  in  heaps,  coyered  np,  and  left 
to  sweat  for  a  week  or  two  according  to 
their  quality  and  the  state  of  the  season ; 
during  which  time  they  must  be  examin- 
ed frequently,  opened  up,  and  turned 
over,  lest  they  become  too  hot,  take  fire, 
or  run  into  putrefactive  fermentation. 
This  process  needs  to  be  conducted  by 
skilful  and  attentive  operatives.  An  ex- 
perienced man  can  form  a  suffidently  ac- 
curate judgment  of  the  temperature,  by 
thmstinff  his  hand  down  into  the  heap. 

According  to  the    recent  analysis  of 
Possett   and  Beimann,    10,000   parts  of 
tobacco-leaves  contain— -6  of  the  peculiar 
chemical  principle  nicotine ;    1,  of  nicth 
tianine;  287  of  slightly  bitter  extractive; 
174  of  gum,  mixed   with  a  little  maJio 
acid  ;  26*7  of  a  green  resin  ;   26  of  vege- 
table albumen ;  104*8  of  a  substance  anal- 
agous  to  gluten;  51  of  malic  acid  ;  12  of 
malate  of  ammonia;   4*8  of  sulphate  of 
potasso  ;   6*8  of  chloride  of  potassium ; 
9"5  of  potassa,  which  had  been  combined 
with  malic  and  nitric  acids  ;  16'6  of  phos- 
phate of  lime ;  24-2  of  lime,  which  had 
oeen  combined  with   malic  acid;  8*8  of 
silica ;  496-9  of  fibrous  or  ligneous  mat- 
ter;   traces    of  starch;    and    88-28   of 
water. 

Nicotine  is  a  transparent  colorless  liqnii 
of  an  alkaline  nature.   It  may  be  distilled 
in  a  retort  plunged  into  a  bath  heated  to 
290  Fahrenheit.   It  has  a  prickling,  burn- 
ing taste,  which  is  very  durable ;  nod  a 
pungent,  disagreeable   smell.    It  bum*; 
by  means  of  a  wick,  with  the  diffusion  of 
a  vivid  light,  and  much  smoke.    It  niay 
be  mixed  with  water  in  all  prooortion*. 
It  is  soluble  also  in  acetic  acid,  oil  of 
almonds,  alcohol,  and  ether,  but  not  in 
oil  of  turj^entine.     It  acts  upon  the  ani- 
mal economy  with  extreme  violence ;  and 
in  the  dose  of  one  drop  it  kills  a  dog.    It 
forms  salts  with  the  acids.     About  one 
part  of  it  may  be  obtained  by  verj'  8^'|^' 
treatment  from    one  thousand  of  good 
toltaceo. 

The  tobacco  raised  in  1847  in  the  Tn't- 
ed  States,  amounted  to  22«\164.(>\>  lb:*., 
xalued  at  $1  l.<'0'i,220.  For  1S48,  it  wn.>»-- 
produce 2ls/X>(i.o<i(» lbs.;  value $.S,7'»'5.5m • 

The  exports  during  the  same  were,  m 
value — 

1^17 %1.2A'2.QPf> 

\^> 7,:^A,\-f^ 

T(»r.A('<'()PirKS  are  mmle  ofa  fine- 
trrai'icd  pla-'tic  while  clay,  to  which  tlu'V 
liave  <jncn  tin-  niune.  it  is  worked  ivni 
w:.Ter  iLtoalliin  paste,  whieh  is i'll""''''^^ 
settle  in  pits,  or  it  may  be  jmsse*!  tliron^n 
a  sieve,  to  separate  the  silicionu  or  oincf 
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•tony  imparities ;  the  water  \a  afterwards 
evaporated  till  the  chiy  becomes  of  a 
donjfliy  consistence,  when  it  must  be 
well  knemled  to  make  it  uniform.  The 
clay  is  di'*tiniruished  by  it»*  perfectly 
white  color,  and  its  great  adhesion  to  the 
t>u;jue  after  it  is  baked;  owinjf  to  the 
lur^e  proportion  of  alumioa  which  it  con- 
tains. 

A  child  fashions  a  ball  of  clay  from  the 
heap,  rolls  it  out  into  a  slender  cylinder 
upon  a  plank,  with  the  palms  of  his 
hands,  in  order  to  form  the  stem  of  the 
pipe.  He  sticks  a  small  lump  to  the  end 
or  the  cylinder  for  formin^f  the  bowl ; 
which  having  done,  he  lays  the  pieces 
aside  for  a  day  or  two,  to  get  more  con- 
sistence. In  pro]x>rtion  as  he  makes 
these  rouifh  figure!^,  he  arranj^es  them  by 
dozens  on  a  board,  and  hands  them  to 
the  pipemaker. 

The  pipe  is  finished  by  means  of  a 
folding  oniss  or  iron  mould,  channelled 
inside  of  the  shape  of  the  stem  and  the 
bowl,  and  capable  of  being  opened  at  the 
two  ends.  It  is  formed  of  two  pieces, 
each  hollowed  out  like  a  half-pipe,  cut  as 
it  were  lengthwise  ;  and  these  two  jaws, 
when  brought  together,  constitute  the 
exact  space  for  making  one  |^ipe.  There 
are  small  pins  in  one  side  ot  the  mould, 
corresponaing  to  the  holes  in  the  other, 
which  serve  as  ffuides  for  applying  the 
two  together  with  precision. 

The  workman  takes  a  lonsr  iron  wire, 
with  its  end  oiled,  and  pushes  it  throuirh 
the  soft  clay  in  the  direction  of  the  stem, 
to  form  the  bore,  and  he  directs  the  wire 
by  feeling  with  his  left  hand  the  progress 
of  its  point.  He  lays  the  pipe  in  the 
groove  of  one  of  the  juws  of  the  mould, 
with  the  wire  stickirjg  in  it;  applies  the 
other  jaw,  brim^s  them  smartly  toirother, 
and  unites  them  by  a  clamp  or  vice, 
which  produces  the  external  form.  A 
lever  is  now  brouijlit  down,  which  presses 
an  oiled  stopper  into  the  bowl  of  the 
pipe,  while  it  is  in  the  mould,  foroiui;  it 
sutficiently  down  to  form  the  cavity  ;  the 
wire  being  meanwhile  thrust  backwards 
and  forwards  so  as  to  picrco  the  tube 
comf»letely  throusrh.  Tlie  wire  is  now 
withdrawn,  the  jaws  of  the  mould  open- 
ed, the  pipe  taken  out,  aixl  the  redun- 
dant clav  removed  with  a  knile.  Al'ter 
drying  l«»r  a  day  or  two,  the  pipes  are 
scraped,  p<>Ji«.lK-.l  with  a  piece  (>(  hanl 
wood,  au'i  the  stems  liciui,'  l»ciil  into  the 
de>ircd  form,  they  are  cirricl  to  tli«' 
baking  kiln.  The  pi]>es  are  tlicn  |)iit  in 
the  furnace  or  kiln  aud  baked,  removed 
to  receive  the  glaze  (in  some  insianeo^, 


and  again  returned  to  the  furnace  till 
the  glaze  has  melted  over  the  bowl. 

TOMBAC.  An  alloy  of  copper  and 
zinc,  or  a  species  of  brass  with  excess  of 
zinc.     When  arsenic  is  added,  it  forms 

TOOTHING.  In  architecture,  bricks 
alternately  projecting  at  the  end  of  a  wall, 
in  order  that  they  may  be  bonded  into  a 
continuation  of  it  when  the  remainder  is 
carried  up. 

TOPAZ.  A  crystallized  mineral  hard- 
er than  quartz,  of  a  yellow  or  wino 
color,  composed  of  60  alumina,  85  silica, 
5  fluoric  acid.  When  heated,  the  Bra- 
zilian topaz  becomes  rose-red,  and  is 
sometimes  in  this  state  passed  off  as  a 
ruby  :  the  Saxon  topaz  lo«<es  its  color  by 
heat.  When  without  flaws  and  of  a  good 
color,  it  is  much  employed  in  jewelry. 
The  baxon  is  usually  paler  than  the  Bra- 
zilian, which  often  has  a  pinkish  hue ; 
the  Siberian  topaz  is  usually  colorless, 
and  the  Scotch  has  a  blue  tinge. 

TOPAZOLITE.  A  sub-varietv  of  garnet 
of  a  pale-yellow  color,  found  in  riedinont. 
It  is  a  silicate  of  alumina,  lime,  and  iron, 
with  traces  of  ghicina  and  manganese. 

TORKEFACTION.  The  operation 
of  roasting  ores  to  deprive  them  of 
sulphur,  arsenic,  or  other  volatile  ingre- 
dients. When  drugs  are  highly  dried, 
or  partially  toasted  or  roasted,  they  are 
also  said  to  be  torrefled. 

TORSI(  )N,  in  mechanics,  is  the  twisting 
or  wrenching  of  a  bodv  by  tlie  exertion  ofa 
lateral  force.  If  a  slender  rod  of  metal 
suspcn«led  vertically,  and  having  its  up- 
per end  fixed,  be  twisted  through  a  cer- 
tain antrle  by  a  force  acting  in  a  plane 
perpendicular  to  its  axis,  it  will,  on  the 
removal  of  the  force,  untwist  itself,  or 
return  in  the  opposite  direction  with  a 
greater  or  less  velocity,  and,  after  a  series 
of  oscillations,  will  come  to  rest  in  its 
oriLfinal  position.  The  limits  of  torsion 
within  which  the  body  will  return  to  its 
oriirinal  state  «lepends  upon  its  elasticity. 
A  fine  wi»*e,  of  a  lew  feet  in  length,  may 
be  twisted  throui^h  several  revolutions 
without  impairiiii/  its  elasticity  ;  and 
within  th<»se  limits  the  force  evolved  is 
lomid  to  be  perfectly  rcuMiiar,  and  direct- 
ly proportional  to  the  angular  ilisplace- 
ment  from  the  jiosition  of  rest,  if  the 
atiL'ular  displacement  exceeds  a  certain 
limit,  the  paili<-U-s  of  tiie  body  will  l>c 
wrenched  asun'lcr;  or  if  the  elasticity  is 
not  jiertV'et  (lis  ill  a  wire  of  lead,  for  ex- 
amjiic,  hetore  disruption  lak«'S  place  i,  the 
pariielus  will  a■^.•^Ulllc  a  n«'W  arraiii^ciiiciit, 
or  /(//v  "  .". /.  and  will  nut  return  to  liieir 
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orig'iiml  position  on  the  withdrawal  of  the 
dipturbinp  force. 

The  rcsistiince  which  cylinders  or 
prisms  formed  of  ditfercnt  Bubstances 
oppose  to  torsion,  furnishes  one  of  the 
nsual  methods  of  detennining  the  elasti- 
city and  strength  of  materials ;  and  the 
property  which  a  metallic  wire  or  thread 
stretched  by  a  small  weight  possesses  of 
becomincr  twisted  and  untwisted  in  a 
series  of  isochronous  and  perfectly  regu- 
iar  oscillations,  has  been  ingeniously  ap- 
plied in  the  torsion  balance  to  the  mea- 
surement of  very  minute  forces,  and 
thereby  to  the  establishment  of  the  fun- 
damental laws  of  electricity  and  magnet- 
ism, and  to  the  determination  of  the 
mean  density  of  the  earth.  {^See  Bai^nck 
OK  Torsion.) 

The  laws  of  torsion  have  been  experi- 
mentjilly  investigated  by  Coulomb  in  a 
variety  of  substances;  as  metallic  wires, 
hairs,  fibres  of  silk,  <fcc.  The  method 
which  he  employed  consisted  in  ntlach- 
ing  a  body  of  given  form  and  dimensions 
to  the  extremity  of  the  wire,  and,  after 
twisting  it  through  a  certain  angle,  to 
abandon  it  to  the  action  of  the  force 
evolved,  and  observe  the  time  <>f  the 
oscillations.  The  following  general  laws 
were  found  to  hold  good  : 

1.  On  loading  a  wire  or  thread  with 
diflerent  weights,  it  will  settle  in  different 
positions  of  stability;  that  is  to  say,  an 
index  attached  to  the  weitrlit  will  i>oint 
in  dillerent  directions  if  the  weight  be 
varied,  and  the  anirular  deviation  may 
amount  even  to  a  whole  circuniference. 

2.  The  oscillations  arc  isochronous. 

8.  The  time  of  oscillation  is  pri.>por- 
tional  to  the  square  root  of  the  weight 
which  stretches  the  wire. 

4.  The  time  of  oscillation  is  as  the 
square  root  of  the  leuL'tli  ot'the  wire. 

.').  The  time  of  oscillation  i^  inversely 
as  the  s(juarc  of  the  diameter  of  the  wire. 

TORTOISE-SHELL,  or  rather  !*oaUs 
a  horny  substance  that  covers  the  hard 
stnnii;  covering  of  a  bony  contcxtmi', 
wijich  in<'lr>scs  the  Tistniln  dnI'i  ii-atti^ 
Linn.  The  lainclhe  or  ]'latcs  of  this  tor- 
toise are  V^\\\  nunil>rr,  an<l  may  be  rcadi- 
Iv  se|iaratc<l  tVotn  the  bony  i>art  by  plarjui: 
tire  beneath  tlic  shell,  wlicn'l)V  they  start 
asmnler.  They  viirv  in  thickness  iVom 
one-eiirbth  to  one-quarter  <»f  an  inch,  ac- 
cordinir  to  the  age  and  size  of  the  animal, 
and  weii,'h  Irom  o  to  'I'o  poinnls.  The 
lart'er  the  aiiiimil,  the  better  is  the  shell. 
This  substance  may  be  sofrened  by  the 
heat  of  Itoiling  water  ;  and  if  com|'ivsse.l 
in  this   state  bv  screws   in    iroji   or  brass 


monlds,  it  may  be  bent  into  any  shape. 
The  moulds  being  then  plunged  in  cold 
water,  the  shell  becomes  fixed  in  the 
form  imparted  by  the  mould.  If  the 
turnings  or  filings  of  tortoise-sliell  b« 
subjected  skilfully  to  gradually  increased 
compression  between  moulds'  immersed 
in  boiling  water,  compact  objects  of  any 
desired  ornamental  figure  or  dc\ice  niay 
be  produced.  The  soldering  of  two  pieces 
of  scale  is  easily  etfeeted,  by  placinir  their 
edges  together,  after  they  are  nicely  tiled 
to  one  bevel,  and  then  squeezing  them 
strongly  between  the  long  flat  jaws  of 
hot  iron  pincers.  Tlie  pincers  should  be 
just  hot  enough  to  brown  paper  slightly, 
without  burning  it.  They  may  be  sol- 
dered also  by  tne  heat  of  boiling  water, 
applied  along  the  edges  with  skilful  pres- 
sure. But  ill  whatever  way  this  process 
is  attempted,  the  surfaces  to  be  united 
should  be  made  very  smooth,  level,  and 
clean ;  the  IciuKt  foulness,  even  the  touch 
of  the  finger,  or  breathing  upon  them, 
would  prevent  their  coalescence. 

Tortoise-Shell,  is  manufactnred  in 
various  objects,  partly  by  cutiinff  out 
the  shapes,  and  partly  by  agglutinating 
portions  of  the  shell  by  heat."  When  the 
shell  has  become  sotl  by  dipping  it  in 
hot  water,  the  edges  arc  in  tne  cleanest 
possible  state,  without  trrease,  jiress<.*d 
together  with  hot  fiat  tongs,  and  then 
plunged  into  cold  water,  to  fix  them  in 
their  positicm.  The  teeth  of  the  larger 
combs  are  parted  in  their  heated  state, 
or  cut  out  with  a  thin  frame-saw,  while 
the  sliell,  equal  in  size  to  two  combs, 
with  their  teeth  interlaced,  is  bent  like 
an  arch  in  the  direction  of  the  length  ot 
the  teeth.  The  shell  is  then  flattened, 
the  points  are  separated  with  a  narrow 
chisel  or  j'riAtr,  and  the  two  combs  are 
tinislied,  while  fiat,  with  coarse  single- 
cut  files  and  triangular  scrapers.  They 
are  tinally  warmed,  and  bent  on  the  knee 
o\er  a  wooden  mould,  bv  means  of  a 
strap  passed  round  the  toot,  "just  as  a 
shoemaker  iixes  liis  last.  Smaller  combs 
ot"  horn  and  tortoise-shell  are  parted, 
while  tlat,  by  an  ingenious  machine,  with 
two  ehisel-fornicd  cutters  platted  oblicpie- 
ly,  so  that  each  cut  onuluoes  one  tooth. 
(See  IJoiTors'  Coinb-cutting  Machine, 
TmiiM.  N'.'.  ArU  vol.  xlix.,  part  2,  since 
improved  by  Mr.  Kelly.)  In  making  the 
frames  lor  cyc-(f lasses,  S]>ectaelcs,  <Vc., 
Mie  apertures  ibr  the  glasses  were  for- 
merly eut  out  to  the  circular  form,  with 
a  tool  soiiielhiug  like  a  carpenter's  cen 
tro-V>it,  or  with  a  crown-saw  in  the  lathe. 
The  discs  so  cut   mit  were   used  for  in- 
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laying  in  the  tops  of  boxes,  <&;c.  This 
required  a  piece  of  shell  as  large  as  the 
front  of  the  spectacle  ;  but  a  piece  one- 
third  of  the  size  will  now  sulfice,  as  the 
eyes  are  strained  or  puUM.  A  long  nar- 
row piece  is*  cut  out,  and  two  slits  are 
made  in  it  with  a  saw.  The  shell  is  then 
warmed,  the  apertures  are  pulled  open, 
and  fastened  upon  a  taper  triblct  ot  the 
appropriate  shape.  The  groove  for  tlic 
eiiije  of  the  glass  is  cut  with  a  small  cir- 
cular cutter,  or  sharp-edjred  saw,  about 
three-eis^hths  or  halt  an  inch  in  diame- 
ter ;  and  the  glass  is  sprung  iu  when  the 
fni?ne  is  exnahded  by  neat. 

TKACING-PAPE'R,  is  made  by  wash- 
ing ti:*8ue-paper  with  a  mixture  of  equal 
parts  of  spirits  of  turpentine  and  mastic- 
varnish,  the  tninsparency  being  aa  the 
varnisli. 

Artisans  transfer  drawings  to  wood, 
by  laying  paper  covered  with  sotl  red 
chalk^  or  nipe-clny,  on  the  wood,  and 
then  following  the  lines  on  tracing-paper 
with  a  hard  point,  so  as  to  impress  the 
same,  through  the  red  pnper  on  the 
wood.  This  nearly  re.Hcnibles  the  simi- 
lar practice  in  engraving.      (.S«;  Lixiio- 

ORAPHY.) 

TKAGACANTII.  A  variety  of  gum  : 
it  is  the  produce  of  the  Aatragalus  Tra- 
gacaiUha^  a  native  of  Atrica,  and  import- 
ed in  small  twisted  or  thittoncd  pieces, 
white  or  yellowish,  and  tniiisluceiit  or 
nearly  opaque.  When  put  into  water 
they  swell  up,  and  gradually  form  a  i^ela- 
tinous  or  pasty  miLss;  not  dinsolving  into 
a  clear  solution,  as  is  the  ea"*e  with  gum 
arable.  An  anuloi^ous  kind  of  gum  is 
found  in  other  fthmts,  and  the  generic 
name  of  tratjaciinthin  is  sometimes  ap- 
plied to  it. 

It  forms  a  paste  which  does  not  crack, 
nor  readily  feniu'iit,  and  lieuce  is  put  on 
po^«t4lire-stu^lI)^,  labels,  tVc. 

TRANSPAKKNT  BLINDS,  are  paint- 
ed with  transparent  colors  «)n  stretched 
cambric,  prepared  by  a  coat  of  hot  solu- 
tion of  isiiiifluss  or  parchment-glue. 
The  transparent  colors  arc  lake,  priis- 
sian-blue,  umber,  sienna,  and  van»t,\  ke- 
brown  ;  an<»,  other  colors  arc  made  xrmi- 
transp.irent  when  irrournl  with  the  mastic 
varnish  umkI  in  blind-paintinsr. 

Transparent  blinds  are  aUo  elegantlv 
made  by  p(  rt'oraliuLr.  or  jiunehiiii^  uitii 
a  niaeliine,  thin  slicets  ot  luetul,  with 
sueli  numcrou-*  lilies  that  \isinM  is  not 
ol»^frueted  1)\  the  iiiternu'«liate  <li\  i-iou«*. 
They  arc  n<»\v  in  L'eiieial  u>e.  Tue  ^;»^le 
machine  h:is  al.-.o  been  applied  to  make 
hinterns,  cullenders,  strainers,  dredgers, 


&c.  Wire  gauze  forms  the  usnal  tranH- 
parent  blinds. 

TUANSPLANTATION,  is  an  opera- 
tion whose  success  depends  on  the  plant 
beinjf  torpid,  and  on  its  spongioles  being 
uninjurea.  If  it  be  growing,  or  ever- 
green, and  the  spongioles  are  uninjured, 
the  removal  will  produce  no  injury  ex- 
cept the  temporary  suspension  ot  the 
action  of  the  spongioles.  Old  trees  in 
which  the  roots  are  much  injured  form 
new  ones  so  slowly,  that  they  are  liable 
to  be  exhausted  of  sap  by  the  absorption 
of  numerous  young  buds  before  new 
spongioles  can  be  formed.  The  amputa- 
tion of  their  upper  extremities  is.  tliere- 
fore,  the  most  j)robable  prevention  of 
death  ;  but  in  most  cases  injury  to  the 
roots  is  fatal. 

TKIPOLI.  A  mineral  used  for  polish- 
ing, origiiuUly  fVom  Tripoli  in  Barbary. 
It  occurs  in  friable  eariny  masses  of'a 
dull  clay  color.  Its  essential  components 
are  silica,  alumina,  and  oxide  of  iron; 
but  the  varieties  of  tripoli  appear  to  vary 
extremely  in  composition,  hhrenberg  has 
found  the  ditferent  tripolis  to  be  aggre- 

f rates  of  silicitied  animalcules.     It  is  >el- 
ow-gray,  or  dirty- white   in   color,   and 
does  not  adhere  to  the  tongue. 

According  to  the  chemical  analysis  of 
Bucholz,  tripoli  consists  of — silica,  81  ; 
alnmijia,  1*5  ;  oxide  of  iron,  ?^ ;  sulphuric 
acid,  o'4') ;  water,  4*5r>.  This  specimen 
was  probably  found  in  a  cojil-field.  The 
tripoli  of  Corfu  is  reckoned  the  best  for 
scouring  or  brightening  brass  and  other 

metails.       (.Sr«'  PoLlsUlNO.) 

TUFA,  or  TUF.  A  gray  deposit  of 
calcareous  carbonate,  from  springs  and 
streams,  generally  incrusiing  twigs  and 
roots  of  plants  in  water. 

TLLA  MKTAL.  An  alloy  of  silver, 
copper,  and  lead. 

Ti;N(iSTKN.  A  peculiar  metal,  which 
occurs  in  the  state  of  an  acid  (the  tumjs- 
tic),  combined  with  various  bases  —  as 
wjrh  lime,  the  oxides  of  iron,  mangane^e, 
and  lead.  The  metal  is  obtained  by  re- 
«.lu<-ti(tn  of  the  ore,  or  the  deoxi<lizement 
of  the  acid,  in  the  form  of  a  dark  steel- 
gray  powder,  which  assumes  under  the 
l)urni>her  a  feeble  metallic  lustre.  Its 
speeitie  L'ravity  is  17'2J. 

Tl  NNEL.  In  eni:inecrinff,  a  subter- 
ranean pa.-s.aire  cut  thiouudi  a  hill  or 
under  a  ri\er,  for  the  purp<»i»e  of  carry- 
in;/  a  canal,  lo.id.  rail\v;iy,  iVe. 

In  the  eou-triKtioii  <f  railways  and 
ealial>,  it  is  j^oniet  iine'^  alisolutelv  liect-s- 
saiy,  and  very  fre<iuentiv  exju'tliint,  to 
have    rceour>e    to    tunnelling',  eillier   to 
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preserve  the  requisite  level,  or  Bhorten 
the  distance,  or  to  lesaea  the  expense  of 
open  cutting.  The  circuniPtanccR  on 
which  the  question  of  expediency  de- 
pends, are  oflen  of  a  very  complicated 
nature  ;  but,  generally  (^peaking,  it  must 
be  decided  by  considerations  of  economy, 
for  in  the  present  state  of  engineering,*a 
tunnel  may  be  made  of  almost  any  length, 
and  through  materials  of  any  descrip- 
tion, from  a  granite  rock  to  a  quicksand. 
The  nature  of  the  ground  can  hardly  be 
said  to  interpose  any  farther  obstacle 
than  what  may  be  occasioned  by  the 
expense. 

One  of  the  greatest  tunnels  in  the 
world,  is  that  under  the  river  Tiiames 
below  London  Bridge — a  short  notice  of 
it  is  here  inserted. 

Some  previous  attempt.**  had  been 
made  to  carry  a  tunnel  under  the  river 
below  London  Bridge.  In  1799,  one  was 
projected  atGravesend;  but  the  project 
was  soon  abandoned.  In  1804,  another 
was  attempted  from  Kotherhithe  toLimc- 
houftc.  A  shaft  of  11  feet  in  diameter 
was  sunk  to  the  depth  of  42  feet,  and 
continued  at  a  reduced  diameter  of  8  feet 
to  the  depth  of  76  feet,  whence  a  drift 
was  carried  928  feet  under  the  river,  and 
to  within  150  feet  of  the  opposite  snore, 
where  difficulties  of  so  formidoble  a  na- 
ture arose  that  the  engineer  reported 
farther  progress  to  be  impossible.  The 
scheme,  however,  continued  to  be  asri- 
tiited  ;  and  in  1823,  Mr.  Brunei  proposed 
a  plan  which  has  at  length  been  carried 
successfully  into  execution. 

The  act  of  parliament  authorizing  the 
operation   was  obtained  in  Juno,    1824,  \ 
and^  shortly   after  the   work   was   com-  j 
inen'ccd   at   Kotherhithe.      The   shall  at  j 
thi«%  place  is  ITjO  feet  from  the  river.     It 
was   tbruioil    by  building   a  cylinder   of  ' 
brickwork  5(i  feet  in  diameter,  42  feet  in  ' 
height,  and  3  feet  in  thickness,  on   the  [ 
top  of  which  a  steam  cnu'iuc  w:ls  erected  i 
for    raiding   the    water  and   earth.     The  ; 
cylinder  was  let   down    bodily  into  the  ' 
ground,  forcinj/  its  way  through  a  bed  of 
gravel  and  sand  2G  fe»t  deep,  and  full  of 
land  water.     The  shall  was  sunk   to  the 
depth   of  f).'*    feet,   and    from    this    level 
another  smaller  shaft,  2'>  feet  in  diameter, 
was  sunk,  destined  to  be  a  well  or  rc-str- 
V(»ir  for  the  clrainaL'C  of  water.     The  ex- 
eavjition  for  the  bi'dy  of  the  tunnel  was 
commeiie('<l    at  ii  drpth   of  *'>■^    feet,  iiii.l 
\v:is  earried  on  at  a  declivilyof  2  loet  and 
^   iiii'lit's  ]H'r   loo  iVc't,  in  order  to    have 
sullit'ient    lhickne>s   of  ground    to   pass 
safflv  under  ihe  river.     The    cxcavatiuii 


is  88  feet  in  breadth,  and  22i  feet  in 
height,  presenting  a  sectional  ure-a  of  85v 
feet ;  and  the  base,  at  the  deepest  part  of 
the  river,  ie  76  feet  below  nigh-water 
mark.  The  body  of  the  tunnel  is  of 
brickwork  in  Roman  cement. 

In  the  neighborhood  of  the  city  of 
Buffalo,  N.  Y.,  is  the  tunnel  of  the  Water 
Works  Company  in  the  rock  nnder  the 
Erie  Canal  and  the  Black  Rock  harbor  to 
the  Niagara  river,  about  half  a  mile  be- 
yond the  city  line. 

The  perpendicular  shaft  or  well  i» 
about  8  leet  in  diameter  and  80  feet  deep, 
nearly  the  whole  being  through  rock. 
From  the  bottom  of  the  well  starts  the 
tunnel,  which  is  nearly  circular,  and  about 
6k  feet  in  diameter,  running  nearly  hori- 
zontally towards  tlie  bed  of  the'  river, 
which  is  distant  about  860  feet.  A  slight 
slope  upward,  as  the  tunnel  advances, 
allows  the  water  which  pours  into  it  from 
springs  or  crevices  in  the  rock,  to  run 
back  into  the  well  out  of  the  way  of  the 
workmen  wlio  are  engaged  incessantly, 
day  and  night,  in  blastiiig  the  rock.  They 
have  now  (1851)  proceeded  about  2'50  feet 
from  the  well,  progressinjrat  about  2  feet 
per  day.  Only  four  of  the  miners  em- 
ployed are  able  to  work  at  once,  changing 
three  times  during  the  twenty-four  hours. 
The  work  is  nil  done  by  lamp-light. 

The  Railroad  Tunnel  at  New  Hamburg, 
N.  Y.,  is  830  feet  long,  and  through  so- 
lid rock.  At  the  south  end  is  a  cut  500 
feet  long,  30  feet  wide,  and  50  feet  deep, 
all  through  the  rock  before  reaching  the 
tunnel ;  through  two  shafls  sunk  to  it, 
one  70  feet  in  depth,  the  other  56,  a 
rdimpse  of  davlight  may  be  obtained. 
Emerging  at  the  north  end  one  other 
deep  eut  is  found,  nearly  as  formidable 
as  that  at  the  south,  being  200  feet  long 
and  70  deep,  making  the  entire  deep  cnt- 
ling  througli  the  rock,  all  inclusive,  no 
les>  than  K»30  feet. 

To  carry  on  tliis  work  Messrs.  "Ward, 
Wells  cfe  Co.,  the  contractors,  emplov  4v'0 
men,  keen  in  steady  operation  njiic  black- 
smiths' shops  with  two  fires  each,  tore- 
pair  a»)d  temper  tools,  have  12,o()0  lbs. 
of  east  steel  in  drills  and  tools  in  constant 
use,  and  liave  consumed  60'X»  kcL's  ot 
powder,  of  20  lbs.  e4ieh,  in  fourteen 
months.  The  tuiniel  is  19  feet  hi-.h  and 
24  t'eet  wide,  where  finished,  and  will  be 
so  all  the  wav  throuirh.  It  is  not  vet 
eompk'ted. 

The  (ireat  Tunnel,  of  the  Riltimore 
and  Ohio  Kailroad,  is  one  of  the  greatest 
W(trks  of  civil  enirineering  now  iioing  on 
in  this  oouuirv.     It   is  a  few  mUes  from 
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MorinmtowD,  West  Vir^nU,  and  is 
throQj^h  a  mountain  (for  a  riiil-track)  a 
mile  and  a  quarter  wiae.  There  are  al- 
ready sunk  three  shafts*,  some  20  by  19 
feet,  and  from  175  to  185  deep. 

Tne  Huddersfleldand  Manchester  Rail- 
road Tunnel,  in  England,  is  more  than 
three  miles  in  length,  beini?  tiie  largest 
in  the  world,  at  a  depth  of  625  feet  below 
the  ridge  of  the  hill,  which  it  pierces. 
The  tunnel  is  so  perfectly  straignt  that 
on  a  clear  day  one  can  see  through  from 
either  end. 

In  France,  there  is  an  extensive  tunnel 
three  mile-*  in  length,  on  the  railroad  be- 
tween Marseilles  and  Avignon.  Its  heis; ht 
is  80  feet,  and  width  24  feet,  and  it«  depth 
below  the  surface  of  the  ground  600  feet. 
The  cost  of  tunneling  was,  $2,040,000. 
TURBINE.     (Se6  Wheels,  Water.) 
TURF.    (See  Fuel  and  Peat.) 
TURMERIC.   The  root  of  the  Curcuma 
lon</a.     This  root  yields  a  fine  yellow 

Sowder,  which  is  occasionally  used  as  a 
ye-stutf  in  medicine ;  it  also  forms  one 
of  the  ingredienU  of  currp  powtier.  Paper 
stuined  with  turmeric  is  often  used  in  the 
chemical  laboratory  as  a  test  of  the  pre- 
sence of  free  alkalies  and  their  carbonates, 
by  which  its  yellow  color  is  converted  to 
brown.     It  is  also  used  ta  color  butter. 

TURNING  is  a  very  ingenious  and 
useful  art,  by  which  a  great  variety  of  ar- 
ticles are  manufactured,  by  cutting  or 
feshioning  them  while  tlicy  revolve  upon 
an  axis.  Every  solid  substance  in  nature 
may  be  submitted  to  this  process  ;  and, 
accordingly,  we  have  articles  turned  in 
the  metals,  in  wood,  in  pottery,  in  stone, 
in  ivory,  <fec.  Among  tne  great  varieties 
oflathtis^  it  is  indispensftbly  required,  for 
circular  turning,  that  the  work  should  be 
supported  bv  two  steady  centres,  or  by 
parts  equivafent  to  two  centres,  at  a  dis- 
tance from  each  other  in  the  axis  of  rota- 
tion, and  that  the  tool  should  be  support- 
ed by  a  steady  bar,  or  a  piece  callea  the 

Clock  and  watch-makers  use  a  very 
cheap,  simple,  and  portable  lathe,  allied 
a  turn^fencn,  coiisistuig  of  a  straijfht  bar 
of  iron,  about  five  inohc!*  long,  with  two 
crortS  bars  or  heads,  about  two  inches 
Ion?,  one  fixed  at  tlie  end  of  the  loner  bar, 
and  the  oilier  enpii})le  of  being  s*liit\ed  by 
means  of  a  socket  and  sorow.  In  each  of 
th(!se  heads  is  a  Centre -pin,  ter»ninating 
in  a  point  at  one  end,  and  in  a  central 
hole  at  the  otlicr,  like  tlio  contrc-pin  in 
the  poppet  head  of  any  other  lathe;  the 
use  of  which  is  to  ationl  point  centres 
when  the  points  are  turned  towards  each 


other,  or  hole  centres  when  the  contrarr 
is  the  case ;  and,  lastly,  there  is  a  small 
rest,  with  its  support,  slidable  and  ad- 
iustable  along  the  bar,  oa  in  another 
lathe.  These  instruments  will,  there- 
fore, snpport  any  piece  of  four  or  five 
inches  long,  and  three  inches  diameter, 
between  the  centres ;  and  the  method  of 
producing  the  rotation  is  by  passing  the 
cat-gut  string  of  a  bow  once  or  twice 
round  the  work,  and  drawing  the  bow 
backwards  and  forwards  with  one  hand, 
while  the  other  is  employed  in  applying 
the  tool.  The  turn-b«nch  itself  is  held 
steady  in  a  vice  fixed  to  a  bench  or  stand. 

The  common  lathe  of  the  turners  in 
wood,  called  the  pole-laty^  is  the  same 
thing  08  the  watchmaker's  turn-bench, 
but  upon  a  lari;e  scale,  and  a  little  varied. 
Instead  of  theliorizontal  bar,  it  has  two 
long  stout  bars  of  wood,  called  shears^ 
forming  what  it  called  the  beil  of  the 
lathe,  and  its  two  pop|>et-heads  are  up- 
right blocks  of  wood,  mortised  in  be- 
tween the  shears,  above  which  they  rise 
and  carry  the  centre-screws,  ancl  be- 
tween which  they  are  movable,  and  may 
\)e  wedcred  firmly  at  anv  required  dis- 
tance from  each  other.  The  work  itself 
is  either  put  between  the  centres,  or  up- 
on a  wooden  mandrel,  and  is  made  to 
revolve  by  a  string  or  band,  proceeding 
from  a  long  spinning  pole  at  the  ceiling 
or  roof  of  the  shop,  round  the  work,  and 
thence  to  a  tredale  or  foot-board,  which 
acts  by  alternate  pressure  from  the  foot, 
while  the  workman  applies  the  cutting 
tool  with  his  hands. 

The  velocity  of  rotation  may  be  ex- 
tremely swift  in  wood,  slower' in  brass 
and  bell-metal,  still  slower  in  cast-iron, 
and  slowest  of  all  in  forged  iron  or  steel. 
Steel  and  iron  require  to  be  kept  wet. 

If  tlie  poppet-heads,  supporting  the 
mandrel,  be  made  rcsularlyto  move  from 
side  to  side,  during  the  rotation,  or  the 
rest  be  made  to  approach  to-,  and  recede 
from,  the  work,  anv  number  of  times  in 
a  turn,  the  cuts  will  not  be  circular,  but 
undulating,  indented,  or  waved  in  any 
curve  that  may  be  required.  The  mo- 
tion is  commonly  regulated  by  certain 
round  plates  of  brass  fixed  on  the  man- 
drel, called  /'or^Jt,  which  have  their  edjres 
waved,  and  arc  called  r(M*t/t.  Tlie  larirest 
columns,  the  most  ponderous  artillerv, 
and  tlie  minutest  pivots  of  watch-work, 
with  all  whecl-worK,  rotatory  nia'-hines, 
vessels,  «fcc.,  are  worked  by  this  uiu- 
chine. 

Turni/ffj  of  turtht^mrftre  nwl  porr^Utin 
is  requisite,  to  give   to  circular  vessels 
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their  oorrect  fi^re,  and  proper  size  and 
thick ucAd.  The  lathe  haa  Bimilararranpe- 
ment  to  that  for  turniug  wooden- vessels, 
<&c. ;  with  this  addition,  the  treddle  has 
a  cross-piece,  lor  convenience  of  a  tread- 
er,  pivmjr  motion  more  readily  to  the 
wheel  and  spindle,  and  of  properly  re- 
^ulatin^  that  motion,  wliile  the  turner 
ift  steadily  engajsred  in  his  operations. 
Outside  of  the  head-stock  of  the  lathe, 
on  the  screw,  is  fixed  a  chvck^  of  the  size 
proper  for  the  inner  surface  of  the  edare 
of  trie  vessel,  to  fit  easily.  The  turner 
stands  lookinmr  towards  'the  hcadstock 
(not  cxnctly  linear  with  his  lathe,  as  does 
the  wood-turner),  and  is  separated  from 
the  wheel  by  a  wninscot  partition,  so  ju* 
to  prevent  any  of  the  clay-tnruinirs  fall- 
ing? on  the  machinery.  The  treader 
stands  at  the  end  of  the  spindle,  on  a 
ritised  position,  so  that  the  foot  rc(inires 
the  treadinjf,  to  give  force  to  the  treddle. 
At  the  side  of  the  treader  is  a  board,  on 
which  are  the  vessels  lYom  the  thrower, 
one  of  which  is  constantly  handed  over 
to  the  turner  as  he  needs  it. 

The  turner  plaoes  the  vessel  on  t)»e 
chuck,  jind,  with  his  fintrer,  ])resses  its 
ediTc  firm,  or  fixed  to  the  clay-rin«;  pre- 
viously formed  on  it,  the  treader  jrives 
motion  to  the  spindle,  and  the  turner, 
by  his  tools  of  very  thin  steel,  varyinerin 
breadtli  for  the  several  vessels,  cnrefully 
abstracts  ail  the  surplus  clay  letl  by  the 
thrower,  and  likewise  adds  all  the  ele- 
irance  the  pattern  suirurests ;  and.  after 
this  is  finished,  the  treader  expertly  jrives 
to  the  spindle  a  retroirrade  motion,  dur- 
ini:  which  the  turner  applies  the  fiat  sur- 
face of  his  tool  to  the  vt's.^ol,  and  tlnTcby 
trivv'S  the  whole  a  solidity  not  pn-viou^ly 
existinj/,  and  al.-*o  a  L'l'»s>y  smoothiioss, 
prevcMlivc  of  any  iru'<iii:ilities  the  prior 
operation  tnit'lit  have  hit.  It  will  he 
readily  ennjiotiired,  that  this  maui[)ijla- 
ti'Mj  atVords  niueh  opportunity  for  e\or- 
cisiuL'  titsic  and  irenius,  ami  reouircs  con- 
siderable praetiee,  to  prevent  tne  articles 
beiiiir  tVaetnred  and  destroyed. 

In  niamitu'-tories,  where  the  lathes 
V.ave  motion  from  n  steam  «*p.Lrine.  tlie 
latlies  are  so  eoiistriieti*»l  as  to  r»eeive 
increased  velo.'ity  tor  those  juirts  (»t'  tlie 
(^►[►eration  whieh  re'inire  it.  Tliere  is  a 
ir^Mieral  spur,  or  drivini:-shatt,  alon;r  the 
roujii,  niirh  the  wall,  and  a  drum  li\ed 
OM  it,  over  each  lathe.  ovtT  \vhi»'h  a  belt 
)yis«.es.  The  lathe  has  a  small  shaft  llxt-d 
p.ir;il!el  to  if>  s|,iii<lK'.  with  nne  fiveil  aii'l 
t\vi»  liiosc  j)iilli'\  s  :  iV'Mii  tiu'  drum,  the 
belt  p  is>rs  round  the  tl\fd  piiPey,  whieh 
will  u'ive  motion  to  either  of  those  lo<»se 


that  msY  be  ^reared  with  it.  One  of  the^e 
^ivas  t£e  direct  motion  to  the  spindle, 
and  the  other,  to  the  crossed  belt,  givtss 
the  retrograde. 

Some  articles,  after  being  taken  off  the 
turner's  lathe,  are  only  required  to  be 
gradually  dried,  to  be  ready  for  being- 
baked  in  the  biscuit-oven;  others  require 
to  be  ornamented ^Ji^ red y  or  hurdled^  and 
are  placed  where  they  will  not  dry 
quickly. 

Many  articles  of  a  circular  fignre.  and 
some  hoUoic-^are^  of  even  oval,  arc  ibmi- 
ed  and  finished  on  a  mould,  placed  on 
the  head  of  a  vertical  spindle,  moved  V»y 
a  winch  (not  dissimilar  to  a  lapidary's 
wheel),  and  a  larger  of  clay  (butted,  as 
described  under  prex^in^)^  is  laid  on  the 
mould,  and,  by  swaire  and  sponge,  as 
the  spindle  revolves,  has  the  lull  tluck- 
ness  and  shape,  at  the  same  operation, 
completed.  This  is  much  used  to  fabri- 
cate saucers  and  plates. 

TrRPENTINE  is  the  substance  which 
flows  frotn  incisions  made  in  the  stem  of 
the  pine  species.  It  has  the  consistence 
and  color  of  honey,  a  peculiar  smell,  a 
warm  and  bitter  taste  ;  it  dries  in  the 
r.ir:  it  melts  at  a  gentle  heat,  and  bums 
when  ignited  with  a  bright  sooty  flame. 
There  are  several  varieties,  as — 1.  ('ion- 
mon  turpentine  J  obtained  from  pinus  al-it* 
and  silveHtris  :  it  consists  of  spirits  of  tur- 
pentine (volatile  oil),  from  5  to  2»>  per 
cent.  ;  and  of  resin  or  colophony. — :?. 
I'tnire  turpentine^  is  extmctea  from  the 
phnis  lartjc  (larch),  and  the  French  tur- 
pentine from  the  pinvs  marit-amu.  The 
first  comes  from  Stvria,  Hunvrarv',  the 
Tyrol,  and  Switzcrfand,  and  contnins 
from  18  to  25  per  cent,  of  oil ;  the  se- 
eoii<l.  from  the  south  of  France,  and 
contains  no  more  than  12  per  cent,  ot 
oil.  The  oil  of  all  the  tnri)entines  is  ex- 
traeted  by  distilling'  them  al<»nir  with  wa- 
ter. They  dissolve  in  nil  proj»ortions  in 
aK'ohol,  without  leavifiLT  any  rosidinini. 
They  also  eojid)ifie  \\ith  alkaline  leys, 
and  in  ireneral  witii  the  salilia])le  base*. 
Venice  tur|H'ntine  ccintains  also  succinic 
aeid. — ;^.  Turpentine  of  Stnuslxnirg  is 
extnu'ted  from  the /'//?'/^ /»/<va  and  ahiet 
cn-ti^d.  It  atl'ords  'A-\-ci  per  cent,  of  vo- 
latile oil,  and  some  volatile  or  crystal- 
liz;ible  n-sin.  with  extractive  matter  and 
suirinie  aeid. — 4.  Turpentine  of  lije  Car- 
pathian mountains,  and  of  Muinrary; 
tlh-  fir-t  of  whit'h  eomrs  from  the  phms 
<\//)f>/;f^  and  the  se^ojid  from  the  f'muA 
tii"ni>^.  They  resriiihle  that  of  Stnis- 
boiirir. — ■'.  Turpentine  <»f  Canada,  calU-d 
Cana«l  a  bal>ain,    is   cxtnieted    iVom   the 
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^wHts  eanadentU  and  balsamea.  Its  smell 
lA  much  more  ajrreeable  than  that  of  the 
precedinj^  species. — 6.  Turpentine  of 
Cyprus  or  Chio.  is  extracted  from  the 
pUtacea  UrebiatkuA.  It  has  a  yellow, 
jrreeniah,  or  blue-green  color.  It«  smell 
IB  more  ai^reenble,  and  taste  less  acrid, 
than  those  of  the  precedine  sorts. 

The  pine  forests  of  Carolina  and  Flo- 
rida supply  this  coimtry  with  all  its  tur- 
pentine. The  export  trade  is  considera- 
ble. 

TURPENTINE,  OIL  OF,  sometimes 
called  essence  of  turpentine.  As  found 
in  cojunicrce,  it  contains  more  or  less  ro- 
sin, from  which  it  may  be  freed  by  rc- 
distilUtion  alon((  with  water.  It  is  color- 
less, limpid,  very  fluid,  and  possessed  of 
a  very  peculiar  smell.  Its  sj>eeific  g'ravity 
when  pure,  is  0-870.  It  always  reddens 
litmus  paper,  from  cont4iining  a  little 
Ruocinic  acid.  Accordincf  to  Opper- 
mann,  the  oil  which  has  been  repeatedly 
rectified  over  chloride  of  calcium,  con- 
sists of  84-60  carbon,  11*735  hydrogen, 
and  8-67  oxygen.  When  oil  ot*  turpen- 
tine contains  a  little  alcoliol,  it  burns 
with  a  clear  flame ;  but  otherwise  it 
affords  a  very  smoky  flame.  Chlorine 
inflames  this  oil ;  and  muriatic  acid  con- 
verts it  into  ft  crystalline  substance,  like 
ccmphor.  It  is  employed  extensively  in 
varnishes,  paints,  <fec.,  as  also  in  medi- 
cine. 

The  spirit,  or  oil  of  turpentine,  is  ob- 
tiiined  from  the  crude  article  by  distilla- 
tion. When  the  volatile  oil  conies  over, 
and  colophony  is  left  behind  in  the  re- 
tort ;  200  lbs.  of  turpentine  yield  GO  lbs.  of 
oil. 

A  patent  was  granted  in  1^17,  for  re- 
flning  turpentine  for  the  proihu-tion  of 
the  pine  oil,  as  it  is  tcrniu'l,  lor  hiirninij 
in  lamps.  The  resinous  niattcr  is  scna- 
ratoil  ny  treating  the  turpentine  with 
potussa,  and  in  order  to  etbct  ihoroiii^li 
adfuixture  the  Tnuiil  is  forced  tliroiiifh  a 
succession  of  tine  strainers.  After  this 
operation,  rain-water  is  a«l<led,  and  the 
whole  sutfercd  to  stand  tbrtwt'lvc  hours, 
when  the  pure  spirits  will  be  fuuul  lloat- 
iui:  above  the  water  and  impurities,  fruni 
which  it  is  drawn  olf. 

A  patent  has  been  granti'd  tor  an  im- 
provement in  the  distillation  of  crude 
turpentine,  con-^istiug  nierdy  of  an  agi- 
tator or  stirring  rij^paratus,  worUinir  ^vith- 
out  the  still,  the  s!i;it"t  of  the  aLfilator 
parsing  through  a  stulling  box  m  the  top 
of  the  still. 

The  stirring  of  various  li<i;iids  ifi  the 
operation  of  boiling  is  a  eomnion  <le\ice, 


but  has  never  been  before  applied  in  the 
production  of  turpentine,  and  is  in  this 
case,  as  asserted,  attended  with  consider- 
able advantages.  Turpentine  consists  of 
two  liquids,  one  boiling  at  a  mucli  high- 
er temperature  than  the  other,  which  is 
obvious  from  the  very  interesting  fact, 
that  while  boiling  without  pressure  its 
temperature  may  be  raised  more  than 
200^. 

Mr.  Viclette  has  adopted  the  process  of 
distillation  with  steam,  which  no  found 
so  successful  in  the  case  of  quicksilver  («e€ 
Mercury),  to  the  treatment  of  tnrpentme 
with  grcateconomy  of  time  and  fuel,  and 
obtains  a  purer  article.  It  is  asserted 
that  in  this  country  Mr.  Wade  distilled 
turpentine  with  steam  so  long  as  three 
years  back. 

TYMPANUM,  in  architecture,  the 
space  in  a  pediment  enclosed  by  the  cor- 
nice of  the  inclined  sides,  and  tlie  hori- 
zontal fillet  of  the  corona. 

TYPES.  By  this  term  is  understood 
the  letters,  from  the  smullest  size  to  the 
largest,  with  which  books  and  other  arti- 
cles are  printed.  A  single  type  consists 
of  the  shank,  the  beard,  and  the  face. 
The  shank  is  the  body  of  the  letter;  the 
beard  is  that  part  between  the  shoulder 
of  the  shank  and  the  face;  the  face  is 
the  shape  of  the  letter,  from  which  the 
impression  is  taken. 

The  first  care  of  the  letter-cutter  is  to 
prepare  well-tempered  steel  punches,  up- 
on which  he  draws  or  marks  the  exact 
shape  of  the  letter,  with  pen  and  ink  if 
it  be  large,  but  with  a  smooth  blunted 
point  of  a  needle  if  it  be  small ;  and  then, 
with  ft  proper  sized  and  shaped  graver 
and  sculptor,  he  digs  or  scoops  out  the 
metal  between  the  strokes  upon  the  face 
of  the  puneh,  leaving  the  marks  un- 
touched and  [.rominent.  lie  next  works 
the  outside  with  files  till  it  be  tit  for  the 
matrix.  Punehes  are  also  ina<lo  by  ham- 
mering down  the  hollows,  filing  up  the 
cdg<-s,  an«l  then  hardening  the  sott  steel. 
Bet'orc  ho  proceeds  to  sink  and  justify 
the  matrix,  he  provides  a  mould  to  justi- 
fy them  by. 

'  A  matrix  is  a  piece  of  brass  or  copper, 
about  an  inch  and  a  half  long,  and  iliiek 
in  proportion  to  the  size  of  the  letter 
whieh  It  is  to  contain.  In  this  metal  the 
fiee  of  the  letter  intended  to  be  cast  is 
sunk,  by  striking  it  witii  the  punch  t<»  a 
<ieptli  <»f  al»out  one-eighth  of  an  ineli. 
The  mould  in  which  the  l\  pes  are  cast, 
is  coiui'osed  of  two  parts.  The  outer 
part  is  inadr-  of  wood,  the  inner  o|'  jsteel. 
At  the  top  it  has  a  hopper-month,  into 
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which  the  fused  tjirpe-metal  is  poured. 
The  interior  cavity  is  as  uniform  as  if  it 
had  been  hollowed  out  of  a  sin^rle  piece 
of  steel.  From  the  pot,  over  the  furnace, 
containing  the  type  metal  fu»ed,  a  small 
iron  ladle  lifts  as  much  as  will  cast  a  let- 
ter. The  metal  is  poured  into  the  ma- 
trix, and  with  a  jerk  of  the  hand  the  me- 
tal is  carried  round  the  matrix,  and  made 
to  fill  oil  its  crevices  perfectly.  A  tail  of 
metal  han^  to  the  tvpo  as  it  quita  the 
mould.  There  are  nicks  on  the  lower 
edge  of  the  type,  to  enable  the  composi- 
tor to  set  them  upriglit  without  looKing 
at  them. 

The  tails  are  next  removed,  and  the 
broad  sides  of  the  type  rubbed  on  a  grit- 
stone. They  ore  then  set  up  in  a  frame 
with  the  nicks  outward,  when  they  are 
polished  on  ench  side  and  groved  at  the 
Dottom,  to  moke  them  stnnd  more  readi- 
ly. They  are  then  tied  up  in  lines  of 
suitable  length. 

Machines  for  type-making  are  com- 
mencing to  be  used,  and,  instead  of  a 
fused  metal  being  used,  a  rod  of  copper 
or  other  metal  is  pressed  by  machinery 
on  a  steel  die  having  the  letter  cut  into  it. 

TYPE  METAL.  The  alloy  of  lead 
and  antimony  used  in  casting'*  printers' 
types.  One  part  of  antimonv  to  three  of 
lead  are  the  usual  proportions.  This 
alloy  takes  a  sharp  impression  from  the 
the  mould  or  matrix,  and  is  hard  enoii<;h 
to  stand  the  work  of  the  prena,  without 
beinsx  brittle  or  liable  to  fraoture. 

Besides  the  above  proporti(»Fi,  the  fol- 
io wiuif  is  otten  followed  : — I'ut  into  a 
crucible  10  lbs  of  load,  and  when  it  is  in 
tt  state  of  fusion,  throw  in  2  lbs  of  anti- 
mony;  these  inclals  in  such  proportions 
form  the  alloy  of  which  some  jtrinting 
types  are  made.  The  antimony  eives  a 
hiirdness  to  the  lend,  without  which  the 
tvpc  would  be  speedily  rcnderc«l  nsselessby 
the  printing  press,  bitlerent  [jroportions 
of  lead,  copper,  brass,  and  antimony,  trc- 
quently  constitute  this  metal.  Every 
artist  has  his  own  prof>orti()n«*,  so  that 
the  same  composition  cunnot  be  obtained 
from  ditVercnt  toundries, 

ULTRAMARINE  is  a  beautiful  blue 
iorment  obtained  from  the  varictrated 
^lue  mineral,  called  la/ulite  (htjtis  htzul'n^ 
by  the  following  j»rocess: — (iriiid  the 
stone  to  frairments,  reject intr  nil  the  co- 
I(»rless  bits,  calcine  at  a  re«l  heat,  quench 
in  water,  and  then  i:rin<l  to  an  impalpa- 
ble pow«ler  alojiij  witli  water,  in  a  paiiit- 
mill.  or  with  a  porphyry  siah  Jiiid  muller. 
The  paste,  beiriLT  drie«|,  is  to  l»c  rul»l>cd 
to  powder,    and   pa.-tst-d   tliroUL'h  a  >ilk 
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sieve.    100  parts  of  it  are  to  be  mixed 
with  40  of  roBiD,  20  of  white  wax,  85  of 
linseed  oil,  and  15  of  Bargnudy  pitch, 
previously  melted  together.    This  resin- 
ons  componnd  is  to  be  poared  hot  into 
cold  water ;  kneaded  well  first  with  two 
spatulas,  then  with  the  hands,  and  then 
formed  into  cue  or  more  small    rolls. 
MM.  Clement  and  Desormes,  who  were 
the  first  to  divine  the  true  natnre  of  this 
pigment,  think  that  the  soda  contained 
m  the  lazulite,  uniting  with  the  oil  and 
the  rosin,  forms  a  species  of  soap,  which 
serves  to  wash  out  the  coloring-matter. 
If  it  should  not  separate  readily,  water 
heated  to  about  150°  F.  should'  be  hud 
recourse  to.     When  the  water  is  suffi- 
ciently charged  with  bine  color,   it   is 
poured  off  and  replaced  by  f^^sh  water ; 
and  the  kneading  and  change  of  water 
are  repeated  till  the  whole  of  the  color  is 
extracted.     The  first  waters  afford,  by 
rest,  a  deposite  of  the  finest  ultramarine ; 
the  second,  a  somewhat  inferior  article, 
and  so  on.     Each  must  be  washed  after- 
wards with  several  more  waters,  before 
they  acquire  the  hiifbest  quality  of  tone ; 
then  dried  separateTy,  and  freea  from  any 
adhering  particles  of  the  pitchy   com- 
|)ound  by  digestion  in  alcohol.    "The  best 
ultramarint  is  a  splendid  blue  pigment, 
which  works  well  with  oil,  and  is  not 
liable  to  change  by  time.    Its  price  in 
Italy  w:w   26   dollars  the   ounce,   a   few 
years  ai^-o,  but  it  is  now  greatly  reduced. 

The  blue  color  of  lazulUe  had  been  al- 
ways ascribed  to  iron,  till  MM.  Clement 
aiu\  Desormes,  by  a  most  careful  analy- 
sis, showed  it  to  consist  of— silica,  34  : 
alumina,  33;  sulphur,  3;  soda,  22;  and 
tlmt  the  iron,  carbonate  of  lime,  Ac. 
were  accidental  ingredients,  essential 
neither  to  the  mineral,  nor  to  the  pig- 
ment made  from  it.  Bv  another  analyst, 
the  constituents  are  said  to  be — silica,  44; 
.alumina,  35;  and  soda,  21;  and  by  a 
third,  potassa  was  found  instead  of  soda, 
showing  shades  of  ditlerence  in  the  com- 
position of  the  ^tone. 

Till  a  lew  years  aero,  every  ottempt 
failed  to  make  ultramarine  artificially. 
At  lenirth,  in  isi'^,  M.  Guimet  resolved 
the  problem,  guided  by  the  analysis  of 
ilM.  Clement  and  I>esormcs,  and  bv  an 
ob««eryation  of  M.  Tassaert,  thai  a  blue 
sul»stancc  like  ultnunarine  was  ocasion- 
ally  produced  on  the  sandstone  hearths 
of  his  rcyerlieratitrv  soda  furnaces.  M. 
(luimet  h;is  kej)t  Ins  ]>rocess  secret.  M. 
(JnM'liii  of  Tij*>im:cn,  has  pulilishcd  a 
prc-.Tiplioii  for  nmkiiis.'  it:  which  eon- 
>i>ts  ill  cnclu>inv'  carefully  in  a  Hesbiao 
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omcible  a  oiixtnre  of  two  parts  of  anl- 
phur,  and  one  of  dry  carbonate  of  Roda, 
neatiug  them  to  rednesa  till  the  ma!«a 
fiiMA,  and  then  Kprinklinif  into  it  by  de- 

Srees  another  mixture,  of  siiioate  of  ao- 
a,  and  alnniinate  of  soda ;  the  flrvt  con- 
tuning  neventy-two  purts  of  silica,  and 
the  second  seventy  parts  of  alumina. 
The  crucible  must  be  exposed  after  this 
for  an  hour  to  the  fire.  The  ultrama- 
rine will  be  formed  by  this  time;  only 
it  contiiins  a  little  siilphurf  which  cnn  be 
sepamted  by  meins  of  water.  M.  Per- 
Koz,  profe!*s»or  of  chemistry  at  Strns- 
bourjf,  has  likewise  succeeded  in  mak- 
insr  iin  ultramarine,      La^ntly,   M.  Robi- 

Jiuet  has  announced,  that  it  is  easy  to 
orm  ultraTnnrine,  by  heatinar  to  rednej«8 
a  proper  mixture  of 'kaolin  (China  clay), 
sulphur,  and  carbonate  of  t*oda. 

LMBER  is  a  massive  mineral;  frnc- 
turo  larijre  and  flat;  conchoidal  in  the 
jrrcat,  very  fine  earthy  in  the  small ;  dull ; 
color,  liver,  chei«nut,  or  dark  yellowish 
brown ;  opaque ;  does  not  soil,  but 
writes;  adnero^^  stronjrly  to  the  tongue, 
feels  a  little  rou^h  and  menprrc,  and  \» 
very  soft ;  spec.  prav.  2-2.  It  occurs  in 
beds  with  brown  jasper  in  the  Island  of 
Cyprtis,  and  is  used  by  painters  a.**  a 
brown  color,  and  to  make  varnish  dry 
quickly. 
UNIVERSAL  JOINT,  or  HOOKE'S 

JOINT.  In  machin- 
ery, an  inironious  con- 
trivance of  Dr.  ITooke 
for  the  purpose  of 
commnnicMtinj?  mo- 
tion ohli«|nely.  It  i» 
single  or  double. 

URANIUM.  A  metal  discovered  by 
Klaproth  in  1789,  who  named  it  after  tlie 
p'anet  Uranus,  discovered  about  that 
time.  It  occurs  only  in  two  native  com- 
binations— tlie  'pfchhlen(h  of  Saxony,  and 
the  vrnnite ;  of  tlio  latter,  fine  ppe<M- 
mcns  have  been  found  in  Cornwjill. 
Little  Ih  known  of  the  propcrtieH  of  nie- 
tttllic  uranium  :  it  appears  to  be  a  brittle 
flray  metal,  of  the  ppec-  srAW  of  about  9. 
From  the  experiments  of  Bcrzeliiis  and 
Arfwedson  wc  detliice  the  number  217 
for  its  equivalent;  that  of  its  protoxide 
beinff  2'2o,  and  of  it**  peroxide  (ses- 
quioxide)  229.  The  salts  of  the  oxides 
of  uranium  are  of  a  tine  prass  irretn  or 
yellow  color:  the  persalts  have  hccn 
most  examined.  Ferrocyanate  of  pot- 
assa  produces  in  them  a  very  characier- 
istic  rich  brown  precipitate,  not  unlike 
that  formed   by  tlm  pcrsalts  of  copper. 
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They  are  also  precipitated  brown  by  in- 
fusion of  gnlU. 

UREA.  A  peculiar  crystallizable  sub- 
stance held  in  solution  in  the  nrine. 
When  dried  in  vacuo  it  consists,  accord- 
ing to  Dr.  Prout,  of— 
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Urea  is  readily  soluble  in  water,  tasteless, 
inodorous ;  and  when  mixed  with  the 
other  contents  of  the  urine  verr  prone  to 
putrefaction,  the  principal  result  of  which 
IS  carbonate  of  ammonia.  Urea  has  been 
artificially  obtained  bv  the  action  of  am- 
nu)nia  on  cyanate  of  lead  :  oxide  of  lead 
is  precipitated,  and  colorless  crystals  of 
urea  obtained  by  carefully  evaporating 
the  solution. 

URIC  ACID.  Found  abundantly  in 
the  excrement  of  serpents  and  in  guano. 
In  the  latter  it  exists  of\en  to  the  amount 
of  40  per  cent,  as  urate  of  ammonia,  and 
free  uric  acid.  It  is  by  decomposition 
broken  up,  first  into  oxalate,  and  then 
into  carbonate  of  ammonia.     It  consists 

OfCl0ll4N4O6. 

VALONIA.  A  kind  of  acorn,  im- 
ported from  the  Levant  and  the  Morea 
for  the  use  of  tenners,  as  the  husk  or  cup 
contains  abundance  of  tannin. 

VALVE.  In  mechanics,  a  close  lid 
affixed  to  a  tube,  or  hollow  piston,  or 
opening  in  a  vessel,  by  means  of  a  hinge 
or  other  sort  of  movable  joint,  in  such 
a  nuxnner  that  it  can  be  opened  only  in 
one  direction.  For  the  passage  of  water, 
the  clack-valve,  miule  of  leather  and 
wood,  is  generally  used,  working  on  a 
side-axle,  or  a  central-axle,  or  pyramidi- 
cal.  A  steam-valve  is  a  flat  metal  plate, 
bevelled  at  the  edges  and  guided  by  a 
pin,  as  an  axis,  lu  air-pumps  they  are 
of  oiled  silk,  with  a  trrating.  But,  for 
every  pur|>ose,  caoutchonc  is  the  best 
m:itirial.  In  the  great  London  works, 
valvi's  nre  as  niiicii  as  oO  inches  in  dia- 
meter;  and  the  great  column  of  water 
TUiikcs  them  act  with  astoni.^liing  force. 
A  spherical  hull  of  metal  l:»i<l  on  tlu'  end 
of  a  tnhe  properly  formed,  and  retained 
in  it><  pliice  l>y  its*  weiLrlit  alone,  is  s(>ine- 
tinier^  used  adv;iiitaL''eoiisly  instead  of  a 
vjiivc,  n>  in  tie  hi/>ir<nil'u'  mm.  The  fi/'ty 
nihr  of  the  ^ti'iini  entrine  is  a  viilve  at- 
tacheil  to  the  lioiler,  to  olKiate  the  dan- 
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When  the  espnnnive  Toree  increflses  no 
ftr  lliit  ilB  prpsmre  prfpondeniteB  over 
the  prci»ni-D  or  tlie  atmosphere  nnd  tlie 
vriichl  of  llie  rttnv  riJve,  the  vstve 
oi>cn»,  mid  tlie  uleim  wcaipeB  from  Ibe 
boiler  till  it*  eli."tie  force  is  noffiriintlj 
diminished ,  nut)  the  vnlve  Bhiiln  by  itn 
oim  veialil.  Bv  npeniiui  the  NiMy  vnlve 
"'  "  cnjtiiie  mnj-  be  stopped  dt  plcni-iire, 

_..  ■  .   ipurliciiliir  (ipparntim 

live.  As  nnv  ncciden- 
ifeiymlveiiilirht 
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.  — ...  viid  in'  linked  t 
weichted  lever  J,  y.  Tlie  treiiilited  Ii 
U  exteiiiled  lo  tlie  other  side,  bei'iiid 
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the  proper  limit,  the  ninil 
down,    and    the    other 
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neat  modiflcalion  of  ib» 

ive. 

I  narrow  b«r  of  metal   a 

Afl  ■  oinMiliiToriflec  in  the 

■nd  S  Feminr- 


ra»de  fiw 

direction  of  the  di 

covered  above  and  below  with  ■  bra«> 
pinte  of  (he  same  form,  tarn  on  the  *H\r* 
of  the  bar  UK  od  hinpea.  Thi*  is  «ll*d 
the  douU/  chtct  or  hvlltrfiy  ralrr. 

or  Ure  ot  metnl  the  re- 
v»lv8  in  (Bbrded    bv  ■ 


VAKADll'M.  A  irct«!  diseovered  in 
It*',  by  Profesaor  SeftstrSm  of  Fahlun. 
in  iron  prcpareil  IVoni  the  iron  ore  cf 
Tiibcnr  in  Sweden.  Vanudinm  has  il<a 
been  found  in  a  lead  ore  from  WniiWk- 
li.'mlinSeotland,Diidinai>iniilarmii>eral 
from  Zimnpan '-  ■•---—  •" — " —  '- 
H  while  brittle 
dn.ti.in;  nol  < 
mid  iiisoluUe  i 
hydroHiiorie  Bi 


etal,  very  didieult  of  re 

Mi'lphiiri^. "  uHMi^an'iJ 
\t;  bnt  toluhlc  in  oiliit 

vivIdH  Fulntionx  of  a  fine 'dark  blue  eol»r. 
It  is  not  ueted  upon  by  b   "" 
ixitdi'li,  nor  V"  '' — '"' '' 


rboiiated  ntliiili 


to  that  ol      ixitBi'li.  nor  bv  tlie  nirboiiated  nlkulirs  at 
Tliere  is  a     a  red  Ileal.    Tlie  peroxide  of  vniuKtinm 

i>nliei'iiiin-     UnMe  inwMer:  ilVnitn- wilfl  thr^uli- 
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heated  with  borax  in  the  redaeing  flame 
of  the  blowpipe,  both  of  the  acids  yield 
a  green  glas^ ;  but  in  the  oxidizing  name 
the  bead  becomes  yellow  if  vanadium  is 
present,  but  the  green  color  is,  perma- 
nent if  produced  by  chronium.  Accord- 
ing to  the  experiments  of  Berzelius,  the 
equivalent  of  vanadium  is  about  68 ;  and 
the  protoxide,  the  deutoxido,  and  the 
vanadic  acid,  are  composed  respectively 
of  1  atom  of  vanadium,  and  1,  2,  and  8 
of  oxygen.  It  exists  in  the  copper  of 
Lake  JSuperior. 

VANh.  A  contrivance  for  showing 
the  direction  of  the  wind.  It  consists 
uauiUly  of  a  thin  slip  of  wood  or  metal, 
atUiclied  to  a  perpendicular  axis,  round 
which  it  moves  freely  ;  and  is  so  shaped 
that  it  presents  always  the  same  extremi- 
tvto  the  point  of  the  horizon  from  which 
the  wind  blows. 

VANILLA.  The  succulent  fhiit  of  a 
plant  of  the  Orchidaceous  order,  climbing 
over  trees  in  the  tropical  parts  of  this  con- 
tinent after  the  manner  of  ivy.  Its  fra- 
grance is  owing  to  the  presence  of  ben- 
z*>ic  acid,  crystals  of  which  form  upon 
the  pod  if  allowed  to  be  undisturbed.  It 
is  an  aromatic,  employed  in  confectionary 
and  the  preparation  of  liqueurs,  and  in 
flavoring  of  chocolate,  ice-cream,  &c. 

VARNISH.  A  fluid  which  when 
spread  thin  upon  a  solid  surface  becomes 
dry,  and  forms  a  coating  impervious  to 
air  and  moisture.  There  are  two  kinds 
of  varnish,  namely,  spirit  and  oil  var- 
nishes: rectified  alcohol  is  used  for  the 
former ;  and  for  the  latter  fixed  and  vo- 
latile oils,  or  mixtures  of  the  two.  The 
solid  substances  dissolved  in  the  above 
menstrua,  and  which  constitute  what  is 
termed  the  body, of  the  vurnish,  aro  al- 
most exclusively  resinous,  and  are  chiefly 
the  following:  1.  I'urjH/i/uu-^  all  the  va- 
rieties of  which  arc  euiplovcj  bv  the 
vurnisher;  thev  form  an  excellent  bod v, 
and  give  streucrth  and  glossiness  at  a 
sjuall  expense  ;  but  they  do  not  dry  with- 
out other  additions.  'J.  C<>p<il,  a  peculiar 
resin,  very  ditlioult  to  dissolve,  but  fonn- 
ing  a  hard  and  durable  ingredient.  It  is 
generally  melted  over  a  gentle  fire  j»re- 
vioiih  to  use.  o.  Lt(\  whieli  gives  great 
toughness  and  hardness;  but  is  often  in- 
admissible, on  account  of  its  reddish- 
brown  color.  4.  M'tst'u'^  wliieh  yields  a 
tough,  hard,  brilliant,  and  colorless  var- 
nish. r».  EU'mi^  a  resin  of  a  pale  yellow 
gn'en  tint,  an<l  a  vahuible  inirreilierit  on 
aiccount  of  its  toui:line.">s  and  durability. 
6.  Simlamch,  a  nsin  whieh  ininarts 
splendor,   but  which  alone  is  not  auru- 


ble.  7.  Amher.  a  valuable  iDgredient.  on 
account  of  its  liardneas  and  durability  : 
but  difficult  of  transparent  solution,  ana 
hence  chiefly  used  in  opaque  varnishes. 
8.  Menzain^  added  on  account  of  its  fVa- 
grancy.  0.  Anime,  whieh  gives  brillian- 
cy and  some  scent.  10.  Gamboge,  for 
yellow  varnishes.  11.  DraaorCs  Uood,  for 
red  varnish.  These,  together  with  tur- 
meric, saffron,  and  annotta,  are  chiefly 
used  on  account  of  their  color,  and  to 
cover  brass  and  copper  under  the  name 
of  lacquers.  12.  Ckwutchouc,  This  extra- 
ordinary vegetable  product  has  of  late 
been  much  cmployca  in  a  variety  of  pre- 
parations used  as  varnishes.  It  is  invalu- 
able where  materials  are  to  be  rendered 
air-tight,  as  balloons,  for  example,  and 
where  at  the  same  time  flexibility,  and 
even  elasticity,  are  required;  but  its 
principal  application  in  this  way  is  in  the 
manufacture  of  various  vkUer-proof  arti- 
cles. 18.  Axphaltum,  the  varieties  of 
which  are  indispensable  in  black  oil  var- 
nishes. In  making  spirit  varnishes,  the 
strongest  alcohol  of  commerce  should 
be  used  (of  a  specific  gravity  not  ex- 
ceeding 820),  and  its  solvent  power  over 
some  of  the  more  intractable  resins  ia 
sometimes  improved  bv  the  addition  of 
a  little  camphor;  in  order  to  prevent  the 
agglutination  of  the  resin,  it  is  often  re- 
quisite to  mix  it  with  sand  or  pounded 
glass,  by  which  the  surface  is  much  in- 
creased, and  the  solvent  energy  of  the 
sjiirit  facilitated.  The  proportions  in 
which  the  several  ingredients  are  used, 
and  the  selections  for  particular  purposes, 
are  infinitely  various.  The  following  are 
a  few  good  varnishes,  in  illustration  of 
their  varieties:  1.  Spirit  varmish.  San- 
darach  4  oz.,  seed  lac  2  oz.,  elemi  1  oz., 
digest  the  whole  in  a  quart  of  moderately 
warm  alcohol,  and  when  dissolved  add 
Venice  turpentine,  2  ozs.  2.  Lav  vanish. 
Seed  lac  8  oz. ;  digest  for  four  days  in  a 
warm  place  with  a  quart  of  alcohol,  and 
then  strain  throuffh  fiannel.  3.  Ttir^i^n- 
tine  varnish.  Mastic  12  oz.,  mixed  with 
5  oz.  of  pounded  glass,  and  diire«ted  in  a 
quart  of  oil  of  turpentine,  adding  at  in- 
tervals about  half  an  ounce  of  canij)hor 
in  small  pieces.  When  the  in:*-^lio  is 
dissolved,  add  to  the  warm  llirulau  «>unee 
and  a  half  of  previously  liiiuetiod  Venii-e 
turiH'ntine,  and  stir  the  whole  toirether. 
4.  <'itfHil  rti r/ti-i/i.  ('••]>al  wliicli  has  been 
jtrcviously  nn-ltcd  by  a  genlJe  heat  ;^  oz., 
oil  of  lurjienlinc  2<»  oz.  (measure):  put 
the  oil  into  a  fiask  pla«'«d  in  boihng 
water,  and  add  the  powdiTed  coj»al  in 
small  portions  at  a  tiuie,  st>  'hut  it  may 


660 


CYOLOPKDIA   OF  THS   U8BFUL   ARIS. 


[yam 


be  gradnally  dfesolved ;  let  it  stand  a  few 
days  to  clear,  and  then  pour  it  off,  and  if 
too  thick  for  use,  add  to  it  a  little  warm 
oil  of  turpentine.    This  varnish    dries 
slowly,  but  is  very  durable.    5.    Linseed 
vamuk.    Molt  16  oz.  of  copal  in  an  iron 
pot  with  as  grentle  a  Are  as  possible,  and 
when  fused  pour  in  8  oz.  or  hot  linseed 
oil ;  stir  the  mixture,  remove  it  fVom  the 
fire,  and  while  yet  warm  f^radually  add  a 
pint  of  warm    oil  of  turpentine ;  when 
the    whole    is    incorporated,    strain    it 
through  a  pice  of  linen  into  phials.  This 
is  a  hard  and  dunible,  but  also  a  colored 
varnish.     6.  Arnber  varnish.     Melt  16  oz. 
of  amber  in  an  iron  pot,  then   add  two 
oz.  of  melted  lac,  and  10  oz.  of  hot,  dry- 
in)?  linseed  oil ;  incorporate  the  whole  by 
stirring  ;  remove  it  from  the  fire,  and  be- 
fore it  cools  add  a  pint  of  warm   oil   of 
turpentine.    7.  Blnch  imrnUh.     Melt  16 
oz.  of  amber  in  an  iron  pot,  and  add  half 
a  pint  of  hot,  drying  linseed  oil,  8  oz.  of 
powdered  rosin,  and  8  oz.  of  powdered 
asphultnni ;  stir  all   together,  and  when 
removed   from   the  fire  and   sufficiently 
cool,  add  tt  pint  of  warm  oil  of  turpentine. 
8.     Lacquer.     Digest  8  oz.  of  seed  lac,  1 
oz,  of  turmeric,  and  2  drs.  of  dragon's 
blood  for  six  days  in  a  pint  of  alcohol, 
frequently    shaking    the    bottle,    which 
should  be  kept  in  a  warm j)lace ;  strain 
the  lacquer  through  linen.  The  above  are 
samnles  of  each  of  the  principal  varnish- 
es; nut  every  nuiker  varies  the  ])ropor- 
tions,  and  often  the  nature  of  the  iiiirre- 
dieut^.     In  tiie  prejmration  of  varnirilies, 
in  consequence  of  tlie  highly  conibu>ti- 
ble  nature  of  all  the  materials,  the  utmost 
care  is  requisite  toavoi<l  accidents  by  tire. 
Whitt  ]\>ltf<}nntj  Varnish.    Inaqu'irtof 
alcohol  mix  S  oz.  of  juniper  ^uni,  2  oz.  of 
mastic  in   tears,  1  oz.  of  gum  elLMui,  and 
4  oz.  of  StnisbufL'h  turpentine,  Ft»r  rnt-tal, 
with  puinioe-i)Owder.     In  this  di«*solve  1 
oz.  of  copal,  m   fine  powder,  and  filter. 
In  one  pint  of  alcoliol  dissolve  1  oz.  of 
gum   elemi :   mix   the  two  liquids.     f//\ 
(  f'rr  Picture's.)     In  one  pint   of  aloohdl 
dissolve    i  oz.  of   canqtlior,   whiob   mix 
with  4  oz.  of  roarse  powder  of  cojiai,  and, 
by  heat,  I'orni  the  mixture,  till  \\h:itevt'r 
bubbles    arise    may    easily  be    counted. 
t,'ool.  decant,  and  add  more  alcohol,  to  ln' 
siinihirly  treated,  till  there  is  no  residuutn. 
Or  [for'  MttuU,  nidir.-i,  dv.)     Mix  will  4 
oz.  «*f  pONvdcM'  of  trlass,  ( or  potter's  llint,) 
2i  oz.  of  Strasburs/b  turpentiiw.  -T  o/.  of 
L'um   mastiv.  ♦)  oz.  of  iruin  s«an<lar:H',  and 
3  o7.  of  i-oniij.  melted  and  «lr'»]ij.eii  ijilo 
w:it»'r.     Add   the  whole  to  1  quart  of  al- 
culiol. 


Chpal  Varnish  (Sksldraks's).  Take  of 
oopaJ,  broken  into  small  pieces,  2  oz., 
spirit  of  sramonia  2  oz.,  or  camphor  S 
drs.,  rectified  oil  of  turpentine  1  pint. 
Stop  the  vessel,  with  a  oork  cot  in 
grooves,  to  admit  a  portion  of  the  heat- 
ed vapors  to  escape ;  bring  it  to  boil  over 
a  brisK  flre,  so  that  the  bubbles  tnay  be 
oounted  as  they  rise  ;  keep  the  mixture 
at  the  same  heat ;  for,  if  the  least  irregu- 
larity, or  overheating,  takes  place,  it  is 
useless  to  proceed.  When  tiie  solution 
is  complete,  let  the  vessel  be  quite  c<x>l 
before  it  is  opened.  The  vessel  is  of  tin, 
or  other  metal,  strong,  shaped  like  a  wine- 
bottle  with  a  long  neck,  and  capable  of 
holding  two  quarts. 

Copal  varnish  may  be  dissolved  on  pic- 
tures, Ac.  by  a  boiling  t^>lurion  of  an 
eighth  of  ammonia,  in  oil  of  tnrpentiie, 
but  it  requires  verv  skilful  management. 

Japanner^s  Copal  Vamish,  In  a  jflas^s 
matniss  melt  and  evaporate  4  lbs  of  co- 

f>al,  and  pour  in  1  pint  of  boiling  hot 
in!»eed-oir;  remove  the  matrass,  and, 
while  hot,  add  equal  weight  of  oil  of  tur- 
pentine. 

G<dd  Varnish,  for  Leather.  In  2  pinta 
of  oil  of  turpentine  mix  liscrs.  of  gam- 
boge and  tunneric  each,  4  oz.  each  of  seed 
lac  and  gum  sandamc,  I  oz.  of  dragon's 
blood,  2  oz.  of  turpentine,  and  4  oz.  ot 
pounded  glass,  (or  poller's  flint)^use  the 
clear. 

VarniAh  for  Colored  Draftings.  Mix 
1  oz.  of  Canada  balsam  and  2  oz.  of  oil  (»f 
turpentine.  Size  first  with  isinglass,  and 
dry  before  using  the  varnish. 

'Indian  Varninh.  In  1  quart  of  alcohol, 
by  a  gentle  heat,  dissolve  h  oz.  of  shell 
lac  a»ul  of  seed  lac.     Strain  for  use. 

Hard  SjfirU  VamunK.  In  1  quart  of 
alcoliol  dissolve  8  oz.  of  seed  lac  and  of 
yelh'w  rosin. 

lllack  WirnisTi.  In  1  quart  of  alcohol 
dissdlvc  4  oz.  of  gum  snndurac,  and  2  oz. 
of  yellow  rosin  ;  then  add  one  oz.  of  lamp- 
black. Or^  alcohol  and  black  sealing- 
wax,  to  color  it. 

To  vtah  Caoutchouc  Varnijih.  Melt 
till'  eaoutchono  in  a  close  vessel,  at  near- 
ly the  tejiiperature  to  melt  lead,  and  stir 
it.  Oil  of  turpentine  should  be  circfuUy 
added  to  it,  wliieh  will  render  it  easily 
api'lioable,  atul  leavesthe  substance,  when 
dry,  a  firm  varnish,  impermeable  to  mois- 
ture. It  is  an  excellent  varnish,  for  pre- 
Fervinir  iron  and  steel  fnnn  rust ;  and  it 
may  be  renu)ved  by  n  soft  V)r:i>h,  dipp<'d 
in  oil  <^t'  lurjicntine.  A  ^olution  of  cjiout- 
elioiio.  in  live  times  its  weiirht  of  oil  ot 
turpentine,  and  tiiis  h(»lution  mixed  with 
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^ht  timeft  its  we{g:ht  of  dryinff  lin«eed- 
oiT,  by  boiling,  forms  tliu  vafniMi  nftiiiiliy 
applied  to  air-balloona.  Or^  DigeBt  1  oz. 
of  cuoutohouc,  cat  into  »tnall  pieces,  in 
82  oz.  of  naphtha ;  and,  when  it  is  dissolv- 
ed, strain  the  varnish  throagh  a  linen 
cloth. 

OU  of  Tar^  for  Cbmmon  VamithtSy  may 
be  employed  instead  of  naphtha. 

VarnUKfor  Iron  or  Wood.  Dissolve  k 
pint  of  alcohol  in  a  gallon  of  wood  tar. 

Red  Varnish^  {for  Cabmet-work  and 
Vit/iiM.)  In  1  quart  of  alcohol  dissolve 
2  oz.  of  Strasbnrgh  turpentine,  1  oz.  of 
ma-ttic  and  of  choice  benjamin,  2  oz.  of 
seed  lac,  and  4  oz.  of  gum  sandarac.  Ory 
{for  Jfet4tls.)  In  1  quart  of  alcohol  dis- 
solve 6  oz.  of  Venice  turpentme,  4  oz.  of 
brown  ro:«in,  2  oz.  of  shell  lac,  and  8  oz. 
of  gum  sondarHC. 

Spirit  Varniiihy  for  Onlora  on  Wood. 
In  a  inatra*:*,  capable  of  containing  two 
Paris  pints  of  liquid,  put  a  pint,  or  about 
2  lb-?.,  of  good  spirit  of  wine,  and  throw 
in  4  oz.  of  rthell  lac,  broken  into  small 
bits,  together  with  2  oz.  of  gum  sanda- 
rac,  and  1  oz.  of  gum  mastic  in  tears, 
gro8^Iy  powdered  :  you  also  add  1  oz.  of 
oil  of  spike,  and  place  the  vesfael  upon  a 
ring  ot  straw,  laid  upon  the  bottom  of  a 
boiler  filled  with  water ;  the  whole  must 
be  then  heated  in  a  furnace  over  a  char- 
coal fire,  and  the  contents  be  stirred  fh>m 
time  to  time,  until  the  gums  are  entirely 
melted  :  but  care  is  to  be  taken  that  the 
spirit  or  wiiie  be  not  heated  to  its  boil- 
ing-point. This  varnish,  when  cold,  is  fit 
to  mix  with  lamp-black,  vermilion,  or 
other  opaque  colors ;  but,  when  it  is  to 
be  used  alone,  to  give  a  fine  polish,  it 
should  be  filtered,  either  througii  cotton 
or  filtering  paper. 

Vurn'sH  f>r  out-door  Painting.  Boil 
half  a  gallon  of  Hn!«ecd  oil  in  an  iron  pot. 
for  an  hour,  and  then  lay  in  it  a  round 
of  crum  of  bread,  to  absorb  the  fat,  and 
boil  rtome  time.  Take  out  the  bread,  and 
\»nX  in  a  lb.  of  powdered  rosin  gradually, 
and  f*tir  with  an  iron  spatula.  Add  4  oz., 
or  more,  of  the  apirit.s  of  turpentine,  and 
strain  it.  It  bears  weather,  wear,  imd 
h">t  water.  The  same  maval:<o  he  made 
of  1  oil  of  Turpentine  an<i  4  ronin,  well 
boi  ed.  Or^  by  boiling  16  drying  linsecd- 
oil,  s  of  putn  sundarae,  and  1  of  oil  of 
turpc'itine. 

It  is  usual,  in  the  manufncturc  of  spirit 
varni»'io»,  to  mix  glass  or  simd  with  the 
rrsin,  for  the  purpose  of  att'ording  roady 
access  of  the  alcohol  to  all  parts  of  the 
sf»li(l  muss.  M.  Ferrari,  howcvi^r.  recom- 
mend:} that,  in  place  of  these  substances, 


coarsely  powdered  charcoal  should  be 
used ;  for  the  glass  or  sand  freauently 
tends  to  aggregate  the  resin  at  the  bottom 
of  the  vessels  and  protect  it  from  the 
solventa,  whilst,  on  the  oontrary,  the 
charcoal  rather  tends  to  raise  and  divide 
it.  The  most  advantageoos  proportion 
appears  to  be  abont  1  oz.  of  charcoal  to  1 
lb.  of  the  spirits  or  the  oil  of  turpentine. 

7b  VarnUihSilk.  If  the  surface  of  the 
silk  be  pretty  large,  it  is  made  fast  in  a 
wooden  frame  furnished  with  hooks  and 
movable  peg^.  A  certain  qnantity  of  a 
soft  paste,  composed  of  linseed-oil,  boil- 
ed with  a  fourth  part  of  litharge,  white 
of  Troyes,  Spanish  white  or  tobacco-pipe 
clay,  lam^-black  and  litharge,  is  then 
prepared,  m  nearly  the  following  propor- 
tions :  tobacco-pipe  clay,  dried  and  sit^ed 
through  a  silk  sieve,  16  parts;  litharge, 
ground  with  water,  driecl  and  sifted  in 
the  same  manner,  8  ports ;  lamp-black,  1 
part.  This  paste  is  then  spread  in  an 
uniform  manner  over  the  surface  of  the 
silk,  by  means  of  a  long  knife,  having  a 
handle  at  each  extremity. 

In  summer,  24  hours  are  sufficient  for 
drying,  and  when  dry,  the  knots  produ- 
ceii  bv  the  inequalities  of  the  suk  are 
smootlied  with  pumice-stone.  This  ope- 
ration is  performed  with  water;  and, 
when  finished,  the  surface  of  the  silk 
is  washed.  It  is  then  suflTered  to  dry,  and 
copal  varnish  applied. 

If  it  be  intended  to  polish  this  varnish, 
it  will  l)e  proper  to  apply  a  second  stra- 
tum; after  which  it  is  polished  with  a 
ball  of  cloth  and  very  fine  tripoli,  or  with 
a  piece  of  strong  cloth  only.  The  var- 
nished silk  which  results  from  this  pro- 
ces  is  very  black,  exceedingly  pliable,  and 
has  a  fine  polish.  It  may  be  rumpled 
any  way  without  retaining  any  fold,  or 
the  mark  of  a  fold. 

Varnished  silk,  which  has  a  yellowish 
color,  is  prepared  with  a  plain  varnish, 
tfho  silk  is  covered  with  a  mixture  of 
three  parts  of  boiled  oil  of  poppy,  and 
one  part  of  fat  copal  varnish,  which  is 
spread  with  a  coarse  brush,  or  with  a 
knife.  Two  coats  are  sufficient,  when 
the  oil  has  been  freed  from  its  greasy 
principles  over  a  slow  fire,  or  when  it  has 
Decn  Doiled  with  a  fourth  part  of  its 
weiL'ht  of  litharge. 

Whit^  Varninh.  In  1  quart  of  alcohol 
mix  1  lb.  of  junij>er  gnni  and  fi  oz.  of 
Strasburyh  turpentine.  For  wood,  linen, 
and  paper. 

117///^  Ifiird  Vnrnith.  Pulverize  8  oz. 
of  oullet  (tiint  ijlns-*,  or  use  8  oz.  of  ])0t- 
ler'rt    dried    Uinti;    mix    with   4   oz.    of 
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mastie,  and  2  oz.  of  janiper  gum  and 
of  Venice  taipentine,  which  pat  into  1 
quart  of  alcohol.  For  cards,  sheaths,  &c 
VARVICITE.  An  ore  of  manganese 
found  at  Hart^hill  in  Warwickshire,  Knfif. 
appears  to  be  a  compound  of  2  equiva- 
lents of  peroxide  and  1  of  sesquioxide  of 
mansranetie  with  1  of  water. 

VEGETABLE  ALKALOIDS.  Under 
the  title  of  V€gtt4iUe  alkaloids  are  com- 
prehended those  uit)ximate  principles 
which  are  poHsessea  of  alkaline  properties. 
They  all  conwist  of  carbon,  hydrogen,  oxy- 
gen, and  nitn^treu,  and  they  are  decom- 
{H>sed  with  facility  by  nitric  acid,  and  by 
leut  ;  and  amriionia  is  always  one  of  the 
products  of  the  destructive  distillation. 
As  they  agree  in  several  of  their  leailiug 
chemical  properties,  the  mode  of  prepar- 
ing them,  with  slight  variation,  is  general. 
Tlje  sul^tance  containing  the  alkaline 
principle  is  digested,  or,  more  commonly, 
macerated,  in  a  large  quantity  of  water, 
which  dissolves  the  salt,  the  base  of 
which  is  the  vegetable  alkali.  On  adding 
some  more  powerful  salitiable  base,  such 
as  potash  or  ammonia,  or  boiling  the  so- 
lution, for  a  few  moments,  with  lime  or 
pure  magnesia,  the  vegetable  alkali  is  se- 
parated from  its  acid;  and,  being  in  that 
state  insoluble  in  water,  may  be  collected 
on  the  filter,  and  waslicd.  '  To  purify  it 
from  certain  oleiiginous,  resinous  suV>- 
st.inces,  antl  coloring  matters,  it  is  mix- 
ed with  a  little  animal  charcoal,  and  dis- 
solved in  boiling  alcohol.  This  solution  is 
filtered  while  hot,  and  evaporated  to  dry- 
ness, which  atlords  the  alkali  in  a  state 
of  perfect  piiritv.  Upwards  of  twenty 
of  tlieso  bodies  luivc  aJ ready  been  inves- 
tigated ;  as  morphia,  cinclionia,  quinia, 
Btrychnia,  brucia,  veratria,  and  sangui- 
naria. 

VKLOCIPEDE.  A  vehicle  invented 
at  Mannheim  iti  1817,  by  M.  Drais,  con- 
sisting of  a  piece  of  wood  about  five  feet 
Ion-/,  and  half  a  foot  wide,  rcstintr  «>it 
two  wheals,  one  behind  the  otiu-r.  On 
this  an  individual  siis,  as  <jn  lu'r>«'l»aek, 
his  feet  toiiehin;^'  the  ground,  and  thus 
]»ropeHinL' the  uuu'hine.  The  front  wlu-el 
may  be  turned  at  j»leasun%  so  that  the 
rider  may  give  any  direction  to  the  nui- 
eliine.  This  spL-eics  of  vidiiele  never  eaiiio 
into  L'cneral  u^i-  ;  but  it  ^\as  improved  by 
Knit/ht  in  England,  and  a  patent  receiv- 
ed for  it. 

X'KLIA'M.  A  fine  kind  of  parelutient 
made  of  ealt"  skin.  'riie>kins  are  rmiecj, 
>haNed,  ujislied,  and  -trt-ti-iied  in  jiropi-r 
frames,  where  they  arc  seraped  with  tlie 
eurrier's    th.shiii«r-to()l,     ana     ultiinalely 


mbbed  down  to  &  proper  thiokiMBS  with 

pumice. 

VELVET.  This  bcautifol  subatance  is 
mostly  a  silk  fabric,  remarkable  for  the 
softness  of  its  surface.  This  softness  is 
owing  to  a  loose  pile  or  surface  of  threads, 
occasioned  by  the  insertion  of  soft  pieces 
of  silk  thread  doubled  under  the  shoot, 
weft  or  cross  threads.  These  stand  up- 
right so  thickly  as  entirely  to  conceal  t  he 
interlacing  of  the  warp  and  shoot.  The 
richness  of  the  velvet  depends  upon  the 
closeness  of  the  pile-threads.  The  in?^r- 
tion  of  these  short  threads  is  effected  in 
the  following  manner : 

Instead  of  having  only  one  row  of  warp 
threads,  which  willbe  crossed  alternately 
over  and  under  by  the  shoot,  there  are 
two  sets,  one  of  which  is  to  form  the 
regular  warp,  while  the  other  is  to  con- 
stitute the  pile,  and  these  two  sets  are  so 
arranged  in  the  loom  as  to  be  kept  sepa- 
rate. The  quantity  of  the  pile-thread 
necessary  is  very  nmch  more  tnan  that  of 
the  warp  thread,  and  therefore  must  be 
applied  to  the  loom  by  a  ditferent  agency. 
It  the  pile-threads  were  worked  in  a- 
mong  the  shoot,  in  the  same  way  as  the 
warp-thread,  the  fabric  would  be  simp»ly 
of  a  kind  of  double  silk,  but  without  any 
kind  of  pile;  the  pile-threads  are  there- 
fore formed  into  a  series  of  loops,  stand- 
ing UP  from  the  surface  of  the  silk  ;  and 
by  subsequently  cutting  the^e  loops  with 
a  sharp  instrument,  the  pile  is  produced. 
Thin  orass  wires  arc  temporardy  woven 
in  among  the  wefl-threads  to  asssist  in 
forming  the  loops  ;  and  by  a  delicate  cut 
or  scission  made  with  a  sharp  instrument, 
the  loops  are  cut  and  the  wires  liberated. 
Striped  velvets  ore  produced  by  some  of 
tlic  r»ile-threads  being  uncut. 

VKNICE  SOAP,  AND  MOTTLED 
CASTILE  SOAP,  are  merely  olive-oil 
and  sodo,  with  a  little  sulphate  of  irou 
in  solution,  or  sulphate  of  zinc. 

VENTILATOR.  Any  machine  or  con- 
trivance for  pnnnoting  or  regulating  ven- 
tilation. The  common  ventilator  placed 
in  windows,  which  revolves  in  the  saniQ 
nutnncr  as  a  stiu)ke-iack,  in  consequenee 
of  the  impulsion  of  a  current  of  air, 
serves  otily  to  retard,  in  some  degree,  the 
entrance  of  the  current,  to  disfH*r>e  it  iu 
ditl'erent  direi'tions,  and  to  prevent  any 
sudden  increai-^e  in  tlie  intensity  of  tl:e 
tlrau:.dit.  It  has  no  j^owcr  of  acting  so  as 
to  (.-reatc  a  current,  or  keep  up  its  iuten- 
sitv  wjicn  it  ha*^  V>een  e^talni^hed. 

VKNTILATION.  This  word  liter- 
ally sikruilies  fannini:  or  blowing.  In 
domestic  cci.'noniy,  it  ia  the  art  of  con- 
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vejing  currents  of  fresh  tar  through 
clone  apartments  or  confined  places,  so  as 
to  maintain  the  atmosphere  m  a  state  of 
purity. 

Atmospheric  air  consists  of  two  ingre- 
dients, oxygen  and  azote,  blended  toge- 
ther in  the  proportion  of  one  part  oy 
measure  of  the  former  to  four  of  the  lat- 
ter. When  these  proportions  are  altered, 
air  becomes  unfit  to  respiration;  ana 
when  the  oxygen  is  witharawn  or  con- 
sumed, it  18  rendered  nltogrether  incapa- 
ble of  supporting  animal  life  or  combus- 
tion. But  there  are  operations  both  of 
nature  and  art  continually  going  forward 
in  which  the  oxygen  of  the  atmosphere 
is  consumed,  and  gaseous  products  evolv- 
ed which  are  destructive  of  life.  Thus, 
in  the  act  of  respiration,  a  certain  portion 
of  the  oxygen  contained  in  the  air  inhal- 
ed into  the  lungs  is  converted  into  car- 
bonic acid,  a  substance  which  acts  as  a 
narcotic  poison ;  and  hence,  in  a  confin- 
ed apartment,  air  is  soon  rendered,  by 
breathing  alone,  not  merely  incapable  of 
maintaining  life,  but  highly  destructive 
of  it,  in  consequence  of  the  evolution  of 
a  deleterious  gas.  In  like  manner,  oxy- 
gen is  consumed,  and  carbonic  acid 
evolved,  in  the  process  of  combustion  ; 
and  the  burning  of  a  pan  of  charcoal  in 
a  close  room  is  known  to  be  a  certain 
means  of  extinj?uishing  life. 

Although  a  decomposition  and  deteri- 
oration of  air  is  thus  continually  going  for- 
ward, nature  has  by  various  means  pro- 
vided so  effectually  for  the  restoration  of 
the  two  constituent  gases,  that  in  what- 
ever part  of  the  world,  and  at  whatever 
height  in  the  atmosphere,  air  is  taken, 
it  is  found,  when  cncmically  examined, 
to  contain  azote  and  oxygen  in  exactly 
the  same  proportions^ 

QfMntitf/of  air  required/or  Ventilation. 
If  the  question  were  solely  how  to  com- 
mand a  sufficient  supply  of  fresh  air,  it 
would  be  cjisily  solved  :  but  as  in  our 
climates  the  temperature  of  the  external 
atmo>phere  is  in  winter  generally  very 
much  lower  than  is  neecsHarv  for  comfort, 
wc  have  at  the  same  time  to  provide  for 
the  maintenance  of  on  artificial  tempera- 
ture in  our  apartments,  by  allowing  the 
air  to  enter  no  faster  than  it  can  be  warm-  i 
ed.  One  of  the  first  points,  therefore, 
to  he  considered,  is  the  amount  of  the 
supply  of  fresh  uir  whicli  an  intlivi<lual 
reipiircs  f<ir  c  >mtbrt  ancl  licalth.  This, 
however,  is  n  point  on  which,  hy  rea-^on 
of  tlu*  gre.it  variety  of  cinMunstanccs  con-  ■ 
cerned,  it  is  extrcnicly  dil1i«.'ult  to  arrive  | 
At  anv  satisfactory  ccjuclusion. 


Dr.  Henry  estimates  that  an  adnit  per- 
son  makes,  on  the  average,  20  inspira- 
tions per  minute^  and  draws  into  his 
Inn^s  at  each  inspiration  20  cubic  inches 
of  air.  Peclet  aUows  40  cubic  inches  for 
each  inspiration.  Taking  the  mean  of 
the  two  estimates,  we  have  600  cubic 
inches  expired  per  minute.  But,  accord- 
ing to  Dr.  Arnott,  air  expelled  from  the 
lungs  is  found  to  vitiate,  so  as  to  render 
unfit  for  respiration  twelve  times  its 
own  bulk  of  pure  air ;  hence,  the  quan- 
tity of  air  spoiled  every  minute  by  the 
respiration  of  an  adult,  is  7200  cubic 
inches,  or  rather  more  than  4  cubic  feet. 
Dr.  Arnott,  however,  supposes  the  waste 
to  be  only  half  of  this  quantity.  But 
there  are  several  other  causes  of  cieterio- 
ration  bcHides  the  production  of  carbonic 
acid  ftom  the  lungs :  the  efHuvia  and  var 
por  of  animal  matter  exuded  from  the 
whole  surface  of  the  body  is  not  less  in- 
jurious than  carbonic  acid ;  and,  accord- 
ing to  M.  Scguin,  in  a  temperature  of 
60*,  about  84  cubic  feet  of  air  per  minute 
is  charged  with  animal  vapor  transmitted 
through  the  skin  of  an  adult,  and  ren- 
dered unfit  for  resoiration.  When  arti- 
ficial lights  are  nsca,  a  further  allowance 
must  be  made  for  the  waste  by  combus- 
tion. Besides,  air  is  required  tor  various 
other  purposes  than  those  which  have 
now  been  mentioned.  It  acts  as  a  cooling 
power,  and  hence  the  supply  requisite 
for  comfort  depends  on  its  temperature. 
It  likewise  serves  to  carry  off  moisture 
from  the  skin,  and  therefore  its  state 
as  to  dryness  or  humidity  must  be  con- 
sidered. Dr.  D.  B.  Reid  found,  from 
observations  on  a  number  of  persons  as- 
sembled in  an  experimental  room,  that 
not  less  than  10  cubic  feet  per  minute 
should  be  allowed  to  each  individual  on 
the  average,  at  an  agreeable  temperature  ; 
but  that,  to  maintain  the  atmosphere  in 
all  its  purity,  a  much  larger  supply  would 
at  titnes  be  desirable.  On  tlie  whole, 
theretbre,  we  may  conclude  that  10  cubic 
feet  of  fresh  air  per  minute,  for  each  in- 
dividual, is  the  smallest  allowance  that 
should  be  made  in  order  to  ensure  health- 
ful ventilation. 

The  experiments  of  Leblanc  upon  vi- 
tiated atmosphere  are  of  hiirh  interest. 
The  nuantity  of  carbonic  acid  in  the  at- 
mosphere in  the  normal  state,  hns  been 
shf»wn  by  the  Sanj*surcs  to  vary  from  3 
to  ♦)  parts  in  lo.odo.  Leblanc  (Ann.  de 
Chim.  V.  22:?)  bus  examined  the  ijtiantity 
in  crow(lc(.l  rooms,  theatres,  cities,  tVre. 
In  the  liosi)ital  La  Pitic,  the  air  of  one  of 
the  wards  containing  5-1  patients  alVord- 
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ed  8-1000  of  carbonic  tcid  iras,  that  is,  5 
times  more  than  that  of  normal  air.  U  nder 
aimilur  circamatances,  at  the  Solpetriere, 
■the  quantity  waa  8-1000.  In  Dnmae'a 
dasa  room,  after  a  lecture  of  an  honr  and 
a  half,  whore  900  persons  were  present, 
the  carbonic  acid  ainonnted  to  1  per  cent., 
and  the  same  qnantity  of  oxy^n  had 
disappeared.  From  other  experiments, 
he  considers  this  a  maximum  quantity  for 
safety,  and  strongly  reoomroends  a  better 
ventilation  when  so  much  carbonic  acid 
is  present.  The  result  agrees  with  ex- 
periments made  in  this  country.  "When 
the  atmosphere  is  detcrioriitea  by  burn- 
inflr  charcoal,  he  has  seen  death  produced 
when  8  per  cent,  of  carbonic  acid  was 
present  in  the  atmosphere.  In  all  such 
cases  of  death  from  stoves,  he  has  found 
carbonic  oxide  in  the  air,  and  he  attri- 
butes a  deleterious  effect  to  the  ngency 
of  this  jyras.  Ho  has  observed  1  per  cent, 
of  this  gas  to  destroy  an  nnimul  in  two 
minutes,  which  is  at  variance  with  the 
statement  of  Nysten.  This  observation 
explains  many*  of  the  inconsistencies 
which  appeared  some  years  ago  in  the 
evidence  of  some  London  chemists  re- 
specting the  influence  of  Joyce's  stoves. 
It  is  quite  obvious  that  their  stnictnre 
was  dangerous.  Leblanc  found  that  a 
candle  was  extinguished  in  air  containing 
44  or  6  per  cent,  of  carbonic  acid.  In 
such  an  atmosphere,  life  may  be  kept  up 
for  some  time,  but  respiration  is  oppres- 
sive, and  the  animal  is  affected  witn  very 
great  uneasiness.  Air  expired  from  the 
lungs  contains  about  4  per  cent,  of  carbo- 
nic acid,  and  hence  this  atmosphere  is 
noxious.  Even  8  per  cent,  in  the  atmo- 
sphere killed  birds. 

Dr.  Chowne  of  London,  ha"*  enrolled 
a  patent,  for  improvement  in  ventilating 
rooms  and  opart inents,  for  the  perfect 
efficacy  of  which,  we  believe,  there  can- 
not be  a  doubt,  and  on  a  principle  at  once 
most  simple  and  unexpected.  The  im- 
provements are  based  upf)n  an  action  in 
the  syphon  wliieh  had  not  previously  at- 
tractect  the  notice  of  anv  experimenter, 
viz.,  that  if  fixed  with  leps  of  unequal 
lentrth,  the  air  rushes  into  the  shorter 
leg,  and  cireulates  up,  and  discharires  it- 
self from  the  lontjer  losj.  It  is  easy  to 
see  how  readily  thi*  can  he  applied  to 
any  chamber,  in  order  to  purity  its  at- 
mosplu-re.  Let  the  orifice  of  the  shorter 
letr  he  disjmsed  where  it  can  receive  the 
current,  and  lead  it  into  the  chimney  (\n 
mines,  into  the  shafts ).  so  as  to  convert 
that  cliinmey  or  sliat\  into  the  loUL'er  le?, 
and    you   have   at    once   the  circulation 


complete.  A  similar  air>syphon  can  be 
employed  in  ships,  and  the  lowest  hr>lds 
where  disease  is  generated  in  the  dose 
berths  of  the  crowded  seamen,  be  ren- 
dered as  fVesh  as  the  npper  decks.  The 
cariosity  of  this  discovery  is,  thnt  air  in 
a  syphon  reverses  the  action  of  water, 
or  other  liqnid,  which  enters  and  de- 
scends, or  moves  down  in  the  longer  leg, 
and  rises  up  in  the  shorter  leg. 

VERDIGRIS,  or  noetate  of  copper,  is  a 
preparation  made  by  the  cake,  or  marc  of 
the  wine-presses  in  the  South  of  Franco. 
Thin  plates  of  copper  are  exposed  for 
some  time  to  their  action,  and  lieinir  coat- 
ed with  verdigris,  the  operation  is  finish- 
ed by  pressure  into  loaves  of  the  sub- 
stance. 

VERDITER.  A  bine  piement,  i?ene- 
rally  prepared  by  decomposing  solution 
of  nitrate  of  copper  by  the  addition  of 
chalk.  It  is  a  hydrateil  percarbonate  of 
copper. 

VERMICELLI,  is  a  paste  of  wheat 
flour,  drawn  out  and  driea  in  slender  cyl- 
inders, more  or  less  tortuous,  like  worms, 
whence  the  Italian  name.  The  grttau  of 
the  French  is  wheat  coarsely  gronnd,  so 
as  to  free  it  from  the  hnsk  ;  the  hardest 
and  whitest  part,  being  separated  by  sift- 
ing, is  preferred  for  making  the  finest 
bread.  When  this  gruaw  is  a  little  more 
eround,  and  the  dust  separated  from  it 
by  the  bolting-machine,  the  granular  sub- 
stance cjdied  f^^movle  is  obtained,  which 
is  the  basis  of  the  best  pastes.  The  soft- 
est and  purest  water  is  said  to  be  neces- 
sary for  makinsr  the  most  plastic  vermi- 
celli douerh  ;  12  pounds  of  it  hcinir  usu- 
ally ad<led  to  ftO  pounds  of  tirmouh.  It 
is  better  to  add  more  i^enwuh  to  the  wa- 
ter, than  water  to  the  ^emouU,  in  the  act 
of  kneadine".  Thcvwater  should  he  hof, 
and  the  doucrh  brisRly  worked  while  still 
warm.  The  Italians  pile  one  piece  of  this 
dontrh  upon  another,  and  then  tread  it 
well  with  their  feet  for  two  or  three 
minutes.  They  afterwards  work  it  for 
two  hours  with  a  powerful  roHlnc-pin, 
a  hnr  of  wood  from  10  to  12  feet  lone, 
larger  at  the  one  end  than  the  other, 
havincr  a  sharp  cuttincr  edce  at  the  ex- 
tremity, attached  to  the  large  kncading- 
trou<7h. 

When  the  doueh  is  properly  pr^'pnred, 
it  is  reiluced  to  thin  rihhons,  cylinders, 
I  r)r  tubc^.  to  form  vornjicclli  and  nuu^iro- 
'  ni  of  ditferent  kinds.  Tins  operation  is 
pcrforined  hy  rnean**  of  a  powert'ul  press. 
This  is  vertical,  and  the  iron  plate  or  fol- 
lower carried  by  the  end  of  the  screw  fits 
exactlv  into  u   cast-iron  cvlhidei,  called 
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the  hfUy  like  a  ^anaa^-machine,  of  which 
the  bottom  is  perforated  with  ^mall  hole:^, 
of  tlie  0hape  and  size  intended  for  the 
vermicelli.  The  bell  being  filled,  and 
warmed  with  a  charcoal  fire  to  thin  the 
douifh  into  a  paste,  this  is  forced  slowly 
thronffh  the  noles,  and  is  immediately 
cooled  and  dried  by  a  fanner  as  it  pro- 
trndc!*.  When  the  threads  or  fillets  have 
acquired  the  length  of  a  foot,  they  are 
grasped  bv  the  hand,  broken  off,  and 
twij^ted,  while  still  fiexible,  into  any  do- 
sired  Hhape  upon  a  piece  of  paper. 

The  macaroni  requires  to  be  made  of  a 
Ies«  compact  dough  than  the  vermicelli. 
The  former  is  forced  tiironsrh  the  perfo- 
rated bottom,  UMunlly  in  fillets,  which  are 
afterwards  formed  into  tubes  by  joiuinjr 
their  edjres  together  before  they  have  had 
time  to  l)eeoinc  dry.  The  Uiztignes  are 
mac;ironi  left  in  the  fillet  or  ribbon  shape. 

VKKMILION,  is  Ethiop's  mineral, 
heated  red-hot,  and  sublimed.  It  is 
e  bi-sulphuret  of  mercur}'.  In  a  cake 
it  is  cinwifnir^  but,  in  powder,  vertnUion. 

ChintM  Vermilum. — ^Take  quicksilver 
and  sulphur,  in  the  proportion  of  sixteen 
parts  ot  the  former,  to  tour  of  the  latter. 
After  powderint/  the  sulphur,  place  the 
two  insfredionis  in  an  earthen  iar,  the 
outsi<le  of  which,  to  exclude  the  air,  mu*t 
be  phistered  with  nuid  and  salt,  to  the 
thickness  of  three  inches  and  a  half; 
place  an  iron  cover  on  the  mouth  of  the 
jar,  and  let  it  be  kej)t  constantly  nioint. 
Place  the  jar  in  an  oven,  early  in  the 
mornintr,  an<l  at  the  same  hour  on  the 
next  tnorniiiir  cxtinfjuish  the  fire  ;  at 
noon  take  it  out  of  tin-  oven,  an*!,  when 
cold,  bre  tk  tKe  j  ir  in  pi<o<"*,  arxl  take  out 
the  coiiteiiiH.  }'ir-k  o'lt  tlie  <lro-H,  and 
then  re<  I  lire  ^he  r^^•^*.  to  a  iSuf.  j»owrlfr: 
let  this  Ix*  ]>^>nT(A  in'o  n  !{»'"/*•  jar  fnll  of 
water.  Afrer  a  fioi^v  a  thin  ro.irin/  will  I 
be  f«>iin»l  on  *),f'  ^\\rfttf  of  ♦hrT  writ^'r, 
which  m'lHt  \>f'  <k'»f,'f»'  I  ',\X,  nri'l  a  ]r'>T 
tioM  of  th«'  wat^-r  !*♦  '»tl ';  in  «  *)\i>rl  iirn»; 
this  j)roef*'*  rri';'*^  r>*!  r»ff<'n»<'/|,  i\u'\  'h'* 
thinl  time  letiill  ♦h^'  »•**»  r  >i<^  'lr'jifi»'l  ojf. 
The  ?*ediiii»'nf  i-*  ^)ii  }n:%\>'f**A  todrv,afid 
taken  our  in  c.i'ki*. 

The  hii'r.i'l  pr'.'''««  of  K'r''>iofT  hn*  of 
late  year-  he<ri  **>  twx'^i  irn^.r'.*, cI,  ii«  to 
fiirni-»h  a  v<-r"ii!ori   •,».•<'   «•  ,»i  il  in   bnl 
lia'icv  t^»  thf.  <  hiie-e.    'I  \if  fV,|.o')rifi/  pro 
ce.-*H  h:is  Ik*:',  re  0'fiffi"T<'h-'l :   M'r'"iry  i^ 
triturated  for  -^-vj-rii  honr^'vi'h  «<»j|p'nir, 
in  the  i*«'j«l,  •ill  a  jx-r'*-''*  tth  '>:,*  i^  forro. 
ed ;  jotii-^h  ley  is    t'j«ri  a  l-l'"!,    ftfi'l  th*- 
tritu'" 't.'^ii  i-  <'tT>*i'r  «•  1    !"''•'  -''Hi'    fiTi««. 
Tiif  iiii\''ir«.'  i-«   i\>w  '  r-.W'l  ki   iron  \  «••«.- 
sels,  with  eon"*iaiit  .^firrli..,'  al  flr*f,    b  it 


afterwards  only  fkrom  time  to  time.  The 
tcmperalnre  mast  be  kept  ap  a»  steadily 
as  possible  at  180^  Fahr.,  adding  freah 
supplies  of  water  as  it  evaporates.  When 
the  mixture  which  was  black,  become«, 
at  the  end  of  some  hours,  brown-red,  the 
greatest  caution  is  requisite,  to  prevent 
the  temperature  fVom  being  raised  above 
114^,  and  to  preserve  the  mixture  quite 
liquid,  while  the  compound  of  sulphur 
and  mercury  should  always  be  pnlvera- 
lent.  The  color  becomes  red,  ana  bright- 
ens in  its  hue,  often  with  surprising  rar- 
pidity.  When  the  tint  is  nearly  fine,  the 
process  should  be  continued  at  a  gentler 
neat,  during  some  hours.  Finally,  the 
vermilion  is  to  bo  elutriated,  in  order  to 
sepHirate  any  particles  of  ruiming  merou- 
ry.  The  three  ingredients  should  be  very 
pure.  The  proportion  of  prwluct  varies 
with  the  constituents.     {See  Mercury.) 

VIBRATION.  Reciprocal  motion.  In 
music,  that  regular  reciprocal  motion 
of  a  body,  which,  suspended  or  stretched 
between  two  fixed  j)oint»,  swings  or 
shakes  to  and  fro.  The  vibrations  of 
chords  are  the  source  of  the  ditferent 
tones  thev  emit.  If  two  strinjrs  or  chords 
of  a  musical  instrument  merely  difier  in 
length,  their  tones,  that  is,  the  number 
of  vibrations  they  make  in  e<^tml  times, 
are  in  the  reverse  nitio  of  their  lengths. 
If  thev  differ  in  thi-ir  diameters  onlv,  their 
s  will  l>e  in  the  inverse  raiio  of  their 
diameters.  To  mejisure  the  tenj»ion  of 
!*trinf/s,  let  us  conceive  them  stri*tclied  by 
weiirlitsattaelied  to  their  ends;  then  their 
sounds  will  Ixj  in  the  direct  ratio  of  the 
square  roots  of  the  weisrhts  stretehiug 
them;  that  is,  the  pitch  of  a  string 
stretelied  by  a  weight  eoual  to  4  will  bo 
an  o'tave  alKJve  the  pitch  of  a  string 
stret<-lied  hy  a  woij/ht  1. 

Vifjrafion  in  rne'hanicH  is  the  ro<^'ipro- 
fnx\\\[l  triotioti  of  a  li<»«ly,  as  of  a  peinlii- 
I'lrn,  a  inuHieul  rhoril,  or  elantie  plate. 
The  t<Tirj  onrHliitJtn  is,  howi-ver,  moro 
fr«f|'ietifly  u-»«'d  to  denote  a  t*low  rtM-ipr'/- 
'•■•iiiif  rf)otion,  a?*  that  ol"  tin-  {leiiduiuiii, 
wlji<li  x*.  jirodu'-i'd  by  the  ai.'tion  ofifravi- 
ty  on  t|)«'  whole  rr»a>'*  ot'tlie  l>ody  ;  while 
rihfit'um  i-*  if'-neraily  coritinefl  to  a  motion 
w.lh  q'li'k  n<'i|iro<'atioti-*.  as  that  ot"  a 
*oiioro>m  >K>dv.  and  whi'/h  ppK-i-edn  f'roui 
tlie  r<"  iprrf'Ml  aetion  ot'  the  inolfeuleH  of 
tl,«'  \iiu\\  on  *;aeh  other  when  their  ntaie 
of '"('iiliorium  ria«»  Is-en  di-^turU'd. 

M«'.iiii«' r'.'l- orir'if*-* ''.d»«*"*  may  \ibrate 
lo'  .'iM  liri:il.v  li'r.i'  -♦ret<'iied  ••ii'-'d-*.  In 
ti.M  '-a-**  t  .«:>  d.\i  le  tlji'iii-e.  r-«  *j»oiita- 
i.<'>i'.v  iii'«, -«.  ..-r.il  ji»r**.  w  .!<'!i  vibrate 
in  un.-^on  ;  and  an*  ^eJ•a^alcd  by  n*nlt4^  or 
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parts  which  remain  at  rest.  The  extreme 
parts  arc  shorter  than  the  others,  which 
are  all  of  equal  length  ;  but  the  vibrations 
of  all  the  parts  are  svuchroiious.  This 
sort  of  vibration  may  be  induced  in  a  slip 
or  tube  of  glass,  by  holding  it  between 
the  Angers,  in  the  middle,  and  rubbing 
it  longitudinally  with  a  piec«  of  moist 
cloth,  when  it  will  emit  a  very  acute 
sound. 

Vibrations  of  Elastic  Plates. — All  elastic 
solid  bodies,  w^hen  put  into  a  state  of  vi- 
bration, may  be  conceived,  in  reference 
to  the  internal  motions  of  their  mole- 
cules, as  spontaneously  separating  them- 
selves into  parts,  each  of  which  vibrates 
independently  of  the  others,  and  in  such 
a  manner  that  the  molecvilea  of  one  part 
are  at  every  instant  moving  in  a  direction 
opposite  to  that  of  the  molecules  of  the 
adjacent  part.  It  follows  that  the  points 
of  separation  between  two  parts  partici- 
pate neither  in  the  motion  of  the  one  nor 
of  the  other,  and  consequently  remain  at 
rest.  In  the  case  of  thin  elastic  plates, 
the  continuity  of  these  points  forms  lines 
of  repose,  or  H04ial  litKf^y  the  forms  and 
positions  of  which  are  detected  by  phiciiii; 
the  vibratinjur  plate  in  a  horizontal  posi- 
tion, and  strewing  a  sniiiU  quantity  of 
fine  sand  over  its  upper  siirtUee.  This 
ingenious  mode  of  determinintr  the  nodal 
lines  was  pointed  out  by  OaJileo  in  his 
iJi/ifoffucM,  and  was  practised  by  Oiladni 
(Truitc  iV Ai'outi(i4ju()  and  more  recently 
by  Savart  in  his  numerous  experiments 
on  this  subject. 

These  lim;s  assume  a  gr<?:it  varic'ty  of 
forms,  depcndinir  on  the  liLnue  of  the 
plate,  tlie  position  of  tlie  point  or  points 
at  wliioh  it  is  ti.vod,  and  the  rapiditv  and 
direction  of  the  motion  by  wlicli  the  vi- 
}>ratioii  is  oomiiiunicatcil  to  it.  Circular 
plates  alford  niuiicroiis  ditlVreut  systems 
ofnolal  lines.  WIk-ii  the  plntc  is  fixed 
at  its  eentre  between  two  tciiohs  or  points 
•  iieUl  fast  by  a  vie«',  two  nodal  lines  are  in 
geni*ral  ]>roduced,  crosviuiT  cjieh  otiier  at 
the  centre.  Ky  apply iutr  the  tinirer  to 
the  plate  at  a  suitable  |>oiiit,  so  as  to 
interrupt  tiie  vibration,  three  of  those 
lines  may  be  formed.  Disks  of  metal  fur- 
nish a  number  of  nodal  line>,  dividing,' 
the  oirele  into  numerous  sectors.  In  err- 
tain  eircumstanees  these  straiiriit  nodal 
line-*  are  intersected  V)y  a  L'reatcr  oi-stii:ill- 
er  nuiitlfer  of  ooueentrie  circular  liiie^ ; 
tlie  circiilar  lines  may  also  exist  t»y  tlum- 
M'Ucs  ;  and  sometimes  tlif  no<lal  liii.-<; 
assume  tlic  I'orm  of  the  braneiies  of  a 
hyp,rl)ol;i. 

VK'K,  used   by  smiths,   i.->  a  eounnon 


instrument  with  two  cheeks,  made  to  hold 
or  bite  by  a  screw  of  power. 

The  vice  for  glaziers  is  one  by  which 
prepared  lengths  of  lead  are  drawn 
through  it  in  slips  for  windows,  the  hole 
or  tool  being  the  form  of  the  slips,  and 
the  force  applied  by  a  winch  handle. 

VINEGAli.  Under  the  head  Acetic 
Acid  is  given  the  mode  of  making  vine- 
gar from  alcohol.  Under  the  present 
head  will  be  noticed  the  manufacture 
from  fermenting  vegetable  juices.  Al- 
most all  the  vinegar  of  this  countrj-  is 
made  from  cider.  It  is  only  lately,  how- 
ever, that  any  regularity  or  care  in  the 
manufacture  was  exhibited. 

The  old  mode  was  to  put  out  cider  or 
water  and  molasses  in  a  cask,  exposed  to 
the  sun,  until  it  became  fully  fermented. 
{See  Fekmentation.) 

The  oxygen  of  the   atmosphere,   al- 
though it  IS  not  now,  as  was  once  believ- 
ed to  be,  the  onlv  acidifier,  still  it  i»  the 
great  one,  and  vniegar  is  formed  by  the 
cider  parting  with    carbonic    acid    jn*. 
which  it  cannot  do  without   absorbinir 
oxygen.     The  reasonable  way,  then,  to 
malve  vinegar  rapidly  and  surely,  is  to 
expose  the  cider  as  much  as  f>ossible  to 
the  atmosphere.    The  new  way,  and  what 
is  supposed  by  many,  incorrectly,  to  bv  a 
patent  way  to  make  vinegar,  is  to  let  the 
cider  percolate  over  a  very  exjK)sed  sur- 
face.    The  apartment  where  it  is  made  is 
freely  exposed  to  the  air,  and  is  kej't  at  a 
tem[)erature  of  above  60*^.     The  cider  is 
Jel't  to  run  in  small  streams  into  trouj^hs 
with   bottoms  full   of  small   holes,  tiicn 
from  that  over  very  fine  wood  shavinjis, 
such  as  soft  maple,  and  let  these  be  ful- 
ly exposed  to  the  air  and  resting  on  a 
slatted    \)ottom    made   of  clean    ln>wi*  or 
laths,   Vtelow  which  the  vessel  for  receiv- 
iniT  it  should  be  placed  ;  vinegar  can  l>e 
mailc  from  molasses  and  water,  grjij>cs, 
corn  stalks,  beet  roots,  and  many  oilier 
substances,  by  tlds  process  in  a  few  days. 
Cider,  however,  makes  the  best  vinetrar. 
Many    iiiodilieations    (for    cheapness  i  of 
the  above  plan  may  be  resorted  to,  the 
trrand  secret  being  the  exposure  of  the 
li-juids   to   be  clianiTcd  into  vine;rar    in 
layers  or  strata  to  the  oxygen  of  the  at- 
mosphere. 

The  following  is  the  plan  :f  making 
vincn-ar  at  present  practised  in  l*ari>. 
The  w  ine  destined  for  vine»?ar  is  mixed 
in  a  larL'e  tun  with  a  quantity  of  wine 
Ivis.  imd  the  wholf  bein;^'  put  into  sack>, 
placed  between  the  jilates  of  a  j)ri'»6,  the 
liquid  matlcT  is  pre^.-^ed  out. 

What  jiasses  tlirough  is  put  into  large 
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OMkSf  set  upright,  having  a  small  aper- 
ture in  their  top.  In  these  it  is  exjjosed 
to  tlie  heat  of  ttie  nun  in  suntmer,  or  to 
the  lioat  of  a  stove  in  winter. 

Fermentation  comes  on  in  a  few  days. 
If  the  heat  should  then  ri^e  too  hijCfh,'  it 
is  lowered  by  eool  air,  and  the  addition  of 
fVosh  wine.  In  summer  the  process  is 
generally  completed  in  a  fortnight:  in 
winter  double  the  time  is  requii*ite.  The 
vine>f:ir  is  then  run  olf  into  barrels,  whicli 
contain  several  chips  of  beech  wood  to 
clarify  it :  In  about  a  fortnight  it  is  fit  for 
sole. 

Almost  all  tlie  vinejrar  of  the  north  of 
France  being  prepared  at  Orleans,  tlie 
manufactory  of  that  place  has  acquired 
such  celebrity  as  to  render  their  process 
worthy  of  a  separate  conHideralion. 

The  Orlcatis  cjusks  tonncrly  contained 
ne:irly  tioo  gullons  of  wine,  but  at  present 
only  about  half  that  ounntity.  .  Those 
winch  have  been  alrea«.iv  used  are  pre- 
ferred. They  are  placed  in  three  rows 
one  over  another,  and  in  the  top  have  an 
opening  of  two  inches  diameter,  which 
has  a  bung  fitting  close ;  there  is  another 
spill  hole  on  the  side  to  admit  the  air. 
Wine  a  year  old  is  preferred  for  making 
vinegar,  and  is  kept  in  adjoining  c:vsks, 
containing  beech  shavings,  to  which  the 
lees  adhere. 

The  vinegar  from  sugar  is  made  as  fol- 
lows : — Ten  pounds  of  sugar  are  a.ldud 
to  eight  gallons  of  water,  with  yeast  and 
raisins  or  ^rape  cuttings,  to  assist  in  the 
fermentation  ;  twelve  pints  of  bruistnl 
gooseberries,  or  other  fruits,  are  added  ; 
and,  by  a  process  similar  to  tliat  for  cider, 
good  vinetrsir  is  soon  profluced. 

By  distillation  the  colorin^r  matter  in 
nmcihiffc  is  scnuratod  ;  but  the  frayrant 
odor  Is  trcMienuly  replaced  by  an  eini)y- 
reumutic  one. 

The  specific  gravity  varies  from  I'OOo 
to  1-015. 

The  I'in^ffar  of  UWxf,  as  it  comes  over 
in  the  first  distillation,  witii  its  tar  and 
cmpyreiiinatic  oils,  is  extensively  use«l  in 
prescrvinj?  meat  and  all  animal  suhstan- 
ees.  A  siii'^le  dipping,  or  washiiiir,  de- 
stroys all  tendency  to  putrescence  and 
decomposition,  and  operates  like  its 
smoke,  in  curiiiir  hams,  ti-li,  itc  This  pro- 
perty is  <lMe  to  the  j>resence  of  creosote. 

It  is  also  found  to  he  hiirhly  etUcacious 
in  checking'  putrescence  in  wouiids  and 
ul<-ers,  and  in  arrestiti._r  scrofula,  and 
obstinate  loeal   intlaniiuMfions. 

It  is  ]ircj<;ire  1  hy  the  de-trM«-tive  distil- 
lation of  any  kind  of  woo-L  It  is  then 
ro-distiUed  in  u  copper  still,  leaving  one- 


fifth  residuum  of  tough,  tarry  matter. 

The  product,  brown  viiijeifar,  is  then  dis- 
tilled a  third  time,  and  absorbed  by  lime, 
dried,  and  torrified  as  calcareous  salt. 
This  is  decompose^l  by  sulphuric  acid, 
and  the  product  is  pure  acetic  acid.  At 
75"*,  one  part  with  11  of  water  is  the  com- 
mon distilled  vinegar  of  medicine. 

Pyroligneous  acid  is  prepared,  quite 
colorless,  by  distillation  from  the  acetate 
of  lime  above  mentioned,  is  of  sp.  gr. 
I'0rt3,  and  is  seven  times  stronger  than 
table,  or  pickling  vinegar,  and  requires 
seven  volumes  of  water  for  culinary  pur- 
poses. A  piece  of  meat,  or  a  whole  ani- 
nuil  dippecl  in  it,  or  sponged,  or  brushed 
with  it,  remains  sweet  una  free  from 
putrescence  for  months  or  years. 

Four-thiactJt  I'ifuyar. — In  two  pints  of 
strong  acetic  acid,  tor  7  days,  digest  1  oz. 
of  rosemary-tips  and  of  sage-leaves,  4  an 
oz.  of  lavender- naps,  and  1  scruple  of 
cloves;  (some  add  naif  a  clove  of  garlic.) 
Tress  well,  and  filter. 

VIOLET  DYE,  is  produced  by  a  mix- 
ture of  red  and  blue  coloring-matters, 
which  are  applied  in  succession.  Silk  is 
dyed  a  fugitive  violet  with  either  archil 
or  Brazil  wood  ;  but  a  fine  fast  violet,  first 
by  a  crimson  with  cochineal,  without  tar- 
tar or  tin  mordant,  and  at\er  washing,  it 
is  dipped  in  the  indiiro  vat.  A  finish  is 
sometimes  jjiven  with  archil.  A  violet  is 
also  ifiven  to  silk,  by  piussing  it  through 
a  solution  of  verdivrns,  then  through  u 
bath  of  logwood,  and,  lastly,  throuifh 
alum  water.  A  more  beautiful  violet 
may  be  communicated  hy  passing  the  al- 
unied  silk  throuirh  a  bath  of  Brazil  wood, 
and  atVer  washing  it  in  the  river,  through 
a  bath  of  archil. 

To  produce  violets  on  printed  calicoes, 
a  dilute  acetate  of  iron  is  the  mordant, 
and  the  dye  is  madder.  The  mordanted 
goods  slioukl  be   well  duni^sd. 

VITRIOL,  WHITE,  is  composed  of 
sulphuric  acid  an<l  oxide  of  zinc. 

\Viiite  vitriol,  or  sulpha'e  of  zinc,  is 
composed  f)f  4<)  j»arts  of  sulphuric  acid, 
and  41  parts  of  zinc,  also  in  the  state  of 
oxide.     (>Vf  ZiNf.) 

Ji/u^  VitrifJ  is  the  sulphate  of  cop])or, 
o^)tained  sifiiiilv  bv  evaiioratiui;  the  wa-te 
water  ol  mines  ;  or,  s<»niet  mies,  t»y  r<';i>t- 
imr  copper  j»yrites.  In  other  ca>es  the 
sulphate  is  conNertfd  into  eoppt-r.  by  im- 
mersini,'  iron  in  tiic  wnti^r,  and  then 
Trf:iti-d  with  sulpliiiri'"  acid.  It  is  oltt-n 
u-*ed  as  an  eini  li'*,  au'l  applied  to  iinh^- 
lent  ulcer-,  and  a>  a*'>ll\rium. 

(rff'/i  \'ifri"l,  or  f'-'i'i»  i'<ts,  is  proto>ul- 
|»hato  of  iron,  made  b)  exposing  iron  py- 
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rites  to  air  and  water.  It  is  then  digest- 
ed with  iron  turnin^ifs,  to  ffet  rid  of  the 
excess  of  saJphuric  aoid.  (See  Cop- 
peras.) 

VOLTAIC  ELECTRICITY.  The  phe- 
nomena resulting  from  the  evolution  of 
electricity  by  chemical  action,  as  mani- 
fested bv  that  important  instrument  of 
electro-chemical  research  called  the  Fol- 
taic  Battery^  are  usually  included  under 
the  above  term.  Whenever  substances 
act  chemically  upon  each  other,  their 
electrical  states  are  disturbed  ;  but  the 
electricity  thus  evolved  is.  in  ordinary 
cases,  so  lost  and  dissipated  as  to  escape 
ob!*ervation.  It  may,  however,  bo  ren- 
dered manifest  bv  the  following  simple 
arrangements  :  "CVhen  a  plate  of  pure 
zinc  (or  of  common  zinc  rubbed  over  or 
amalgamated  with  mercury)  is  dipped 
into  a  glass  of  very  dilute  sulphuric  acid, 
little  or  no  action  is  observed ;  nor  does 
any  thing  happen  when  a  similar  plate  of 
silver  is  placeci  in  the  same  cup  of  acid, 
provided  the  mctnls  be  kept  apart  from 
each  other.  But  if  the  zinc  and  silver  be 
brought  into  contact,  at  tiieir  extremities 
out  of  the  liquid,  the  water  is  decompos- 
ed ;  its  oxvtfcn  combines  with  the  zinc 
to  fonn  oxido  of  zinc,  which  is  dissolved 
by  the  acid;  and  its  hydroi?en  pnsses 
ovpr  to  the  s*urface  of  the  silver,  where  it 
collects,  and  ultimately  escjipes  in  pnse- 
ous  globules.  These  phenoirjcna  are  fur- 
ther connected  with  tiic  production  of  a 
continuous  current  of  electricity  passing 
frmn  the  zinc  across  tlie  water  U)  the  sil- 
ver, and  again  from  the  silver,  bv  metal- 
lic contact,  to  the  zinc,  in  the  direction 
of  the  wire  or  connection.  It  is  not  ne- 
cessary that  the  metals  should  be  con- 
nected exoclly  by  jiixtunosition  ;  but  it  « 
necessary  to  tiie  establisinnent  of  the  con- 
tinuous electric  current  that  they  should 
be  somewhere  in  contact,  or  at  least  con- 
nected by  what  is  usually  tenned  a  per- 
fect conductor.  By  moditying  the  pre- 
ceding arrantrement,  so  that  the  metaJlic 
contact  between  the  plates  be  nuide  out 
of  the  vessel,  the  electric  current  takes 
the  same  direction,  travelling  through  the 
liquid /rom  the  zinc  or  generatinjr  plate 
to  the  conducting  plate,  and  tlirouirli  the 
wires  back  airain  to  the  zitic.  Here  ajrain 
the  zinc  is  oxidized  and  dissolved,  and  ' 
hydrogen  is  liberated  upon  the  silver 
plate  ;  but  the  moment  that  the  circuit  is  I 
broken,  by  parting  the  wires,  these  ac-  | 
tioiis  cea->e,  because  the  electric  current  i 
ce.Mses  to  tiow.  It  is  eviilent  tliat  various  , 
substaiK'cs  may  be  interposed  between  i 
the  wires,  or  they  may  be  inmiersed  into  | 


diflferent  liqaids ;  and  provided  these 
capable  of  tranamitting  electricity,  the 
current  will  still  pass,  and  its  phenomena 
under  a  variety  of  circumstances  may  b«% 
studied.  In  this  arrangement  the  end  of 
the  wire  from  the  slTver  plate  ia  the 
emiUing^  and  of  that  from  the  zinc  the 
receiving  point  or  pole ;  hence  these  have 
been  termed,  in  reference  to  the  common 
electrical  machine,  the  positive  and  nega- 
tive poles.  Mr.  Faraday,  with  a  view  of 
avoiding  certain  misapprehensions  to 
which  these  terms  give  rise,  calls  them  the 
electrodes;  the  posiitve  electrode  he  further 
terms  the  aneUctrode^  and  the  negative 
the  catel^ctrode.  or  anode  and  kathode. 

In  the  preceaing  paragraph  it  ha»  been 
assumed  that  the  generating  metal  is  zinc, 
the  conducting  or  conveying  metal  silrrr, 
and  that  the  intermediate  liquid  is  diluU 
sulphuric  acid,  A  number  of  other  me- 
tals may  be  substituted  for  the  above ; 
namely,  for  the  zinc,  cadmium  for  in- 
stance, or  iron  ;  and  for  the  silver,  y>la- 
tinum,  gold,  or  copper.  Many  liquids 
may  also  be  substituted  for  the  dilute  sul- 
phuric acid  ;  the  requisite  condition  be- 
mjr  that  one  of  the  metals  shall  be  chemi- 
cally acted  on,  whilst  the  other  is  indif- 
ferent, or  at  least  not  acted  on  by  the 
liquid  to  tlie  same  extent.  And  the  cur- 
rent is  always  in  the  direction  above  re- 
presented ;  that  is  to  say,  passes  from 
the  metal  most  attacked  Ut  that  least  at- 
tacked, whenever  the  communication  is 
perfect  or  the  circle  closed.  In  the  above 
cases  also  certain  forms  of  charcoal,  which 
are  excellent  conductors  of  electricity, 
nuiy  be  substituted  for  the  conveying 
metal,  or  passive  element  of  the  arrange- 
ment. Another  requisite  condition  to 
the  phenomena  properi^v  called  foltaic  is 
that  the  interposed  fluid  shall  conduct: 
and  further,  that  it  shall  be  capxible  of 
that  form  of  decomposition  which  Fara- 
day has  designated  eltctrohms^  that  is, 
rcHolvable  into  its  elements  by  the  elec- 
tric current. 

The  quantity  of  electricity  generated  in 
the  above  instances  depends  chieflv  upon 
the  superficial  extent  of  the  metals  con- 
cerned, and  ujx»n  the  activity  of  the  li- 
quid acting  upon  the  generating  met«l ; 
and  that  it  is  considerable,  even  where 
small  Furfaces  and  weak  acids  are  u.-^ed, 
is  manifest  by  the  violence  with  which 
the  magnetic  needle  of  the  jralvanomeler 
is  detlectcd.  But  in  the  above  descril>ed 
arranifj'tuents,  the  int^n^ity  of  the  eleo- 
tricity  is  very  feeble  ;  and  in  order  to  at- 
tain this,  and  to  give  the  current  thatap 
parent  impetus  which  it  requires  to  tr»- 
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verse  bad  cond  actors,  and  eiwily  to  efTcct 
eleotro-clieinical  deconipo8itioii»,  it  be 
cime-*  neces<ary  to  repent  the  metulliciil- 
tematioiM ;  or,  in  other  words,  to  employ 
a  properly  arr.mged  nuccesHion  of  gene- 
rating, conducting,  and  electrolytic  sub- 
st.inces.  Thij*  leuds  to  the  grund  disco- 
very of  Voltuj  nuinelv,  the  construction 
of  the  Voltaic  Pile  or  ^atUri/. 

In  tliia  arrangement,  which,  like  the 
simple  circles,  admits  of  infinite  varieties, 
the  metals  generally  used  are  zinc  on  the 
one  hand,  and  copper  or  silver  or  plati- 
num on  the  other.     The  alternation.    )ri- 
ginally  adopted  by  Volta,  and  which  are 
quite  etfectunl,  were  zinc,  silver,  and  flan- 
nel or  pasteboard  soaked  in  acid ;  and 
the.^e  were  repeated  according  to  the  ef- 
fects that  were  to  he  obtained.     The  in- 
convenience   of   arrangement   led   him, 
however,  to  various  inoditications  of  it; 
and,  among  them,  to  the  use  of  a  series 
of   Hcpanite    vessels,    which    he    called 
the  crown  <tf  cups  (conronne  des  tasses,) 
and  wiiich,  sliglttly  modified,   has  since 
been  very  generally  adopted.    The  flan- 
nel is  reiectcd,  and  in  \\a  place  a  cup  of 
dilute  acid,  or  other  proper  electrolyte,  is 
snb.Htitutcu  ;  so  that  each  silver  and  zinc 
plate    are    in    metallic    communication, 
though  in  separate  vessels  :  the  arrange- 
ment being  zinc,  acid,  silver;  zinc,  acid, 
silver,   &c.     Here  the   direction   of  the 
electric  current  is  the  same  as  in  the  sim- 
ple circle,  namely,  from  the  zinc  through 
the  liquid  to  the  silver:  but  in  this  form 
of  the  apparatus,  for  tlie  mere  conveni- 
ence of  carrying  on  the  series,  the  con- 
ducting wire  connected  with  the  first  zinc 
plate  has  a  supernumerary  silver  one  at- 
l«iched  to  it,  and  tiiat  with  the  last  silver 
plate  a  supernumerary  zinc  plate  ;  so  that 
much  confusion  has  arisen  in  regard  to 
the   direction   of   the   current    in   tiicne 
cases,  in  consequence  of  Ciillinij  what  is 
here  the  silver  extreme  the  urijntirf  pol^, 
and  the  zinc  extreme  the  jhinUice  imlf  ; 
whereas  it  is  in  f.»ct  the  reverse,  and  the 
circulationof  the  current  goes  on  throuirh 
tlie  electrodes  precisely  as  in  the  simple 
circle,     lint  thouirh  the  dirertion  of  the 
current   is    the  same,   and   the  absolute 
quit  nitty  of  travelliiii;  or  oirculatiiiir  elec- 
tricity not  inerc:ised,  the  case  as  rei/ards 
in(> nuity  i>  very  (liir.riMit  ;  and  wilii  nu- 
merous  >eries  .'irraiiircd  as  above  we  ob- 
tiin,  on    removiiii.'' the  electronics  I  wliicli 
in   this  expci  ijumt    outfit   to  coiisi>t   of 
poiniel  pit-ecs  of  well-luirneil  b'>\wood 
cli.iicoal )  u  little  from  eaeli  other,  a  most 
brilliant  and  cntinuous  current  of  tire, 
luminous,  ho  that  the  eye  can  scarcely 


endare  it,  and  oapaUe  of  overcoming  ob- 
stacles and  traversing  conductur.5  and 
elcctrohtcs  in  a  way  essentially  dilferent 
from  tiiat  of  the  simple  circuit.  Yet, 
even  with  all  these  energetic  phenomena, 
and  with  a  quantity  ot  circulating  elec- 
tricity far  beyond  any  thing  which  the 
most  powerful  frictional  machines  can  af- 
ford, the  intensity  is  still  insutUcient  to 
penetrate  a  thin  layer  of  card  or  paper, 
or  to  make  its  way  through  non-conduct- 
ing obstacles,  as  it  does  in  the  case  of  the 
discharge  of  the  Leyden  jar  or  battery. 
And  now,  if  the  hands  be  well  moistened 
with  salt  and  water,  so  as  to  overcome 
the  non-conducting  tendency  of  the  cu- 
ticle, and  the  body  be  made  part  of  the 
circuit,  an  extraordinary  and  unendura- 
ble sensation  is  perceived,  which  is  in 
fact  a  contlnuoug  ft/u/ck.  By  the  same 
means  wires  may  be  ignited,  meUds  burn- 
ed, combustibles  exploded,  magneta 
made,  and  galvanometers  affected  at  any 
distanoe  from  the  pile,  proviried  the  con- 
ducting communication  is  perfect.  Thus 
it  is  that  this  power  has  been  used  to 
blast  rocks,  to  explode  gunpowder  nnder 
water,  and  to  communicate  telegraphic 
signs,  as  in  the  arrangement  of  Professors 
Morse  &  Wheatatone,  Messrs.  Bain, 
House,  &c. 

But  the  most  important  modification 
of  this  instrument  is  that  suggested  by 
Mr.  Daniell,  and  which  he  t:erms  *' a 
constant  battery.'*  In  all  the  preceding 
arrangements  the  electrical  power  is  lii^ 
ble  to  fluctuation  ;  and  after  a  time  va- 
rious causes  induce  such  a  fidling  off  of 
its  evolution  as  to  render  them  inconve- 
nient, or  even  useless,  where  continuous 
or  regular  action  is  required.  In  Wol- 
Uu^ton's  battery,  for  instance,  which  is  the 
best  of  them,  seveml  circumstances  com- 
bine to  render  it  inconstant  in  its  action  : 
the  adhesion  of  hydrogen  to  the  copper 
plate,  and  the  precijtitation  of  zinc  upon 
It,  the  saturation  of  the  acid  by  oxide  of 
zinc,  Mu\  the  local  action  whicli  common 
zinc  induces,  arc  perhaps  the  princijud 
sources  of  the  alK)ve-nientione<l  irrcsj-u- 
laritv  and  inconstiincv.  in  Mr.  Daniell's 
arranirenicnt  those  inconveniences  are  to 
a  threat  extent  «ibviatetl  ;  and  allhouirh  it 
is  more  complicated  than  the  j)receJing, 
its  constant  and  re^nilar  action,  when  it 
is  proj»erly  coii.*tructe<l,  am]«ly  repays  the 
ad<lition:iI  lr<mble  anil  oxpeiisr  :  there 
are,  in<lce(l,  many  invotiiratioiis  wliielv 
i-an  scnrcfly  bi-  carrieii  on  without  it. 
(>««'  Ki.Kon:o  MhTALLLUuY,  for  a  view  of 
Daniell's  b.rttery.) 

Under  the  articles  Electro  Mbtallub- 
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OY  and  Telkoravh  are  found  descriptions 
of  Voltaic  batteries. 

Not  only  are  tlie  ultimate  elements  of 
binary  conijwunds  evolved  in  obedience 
to  certain  uniform  laws,  but  prorimute 
elements  are  also  similarly  Hej)aratcd. 
Thus,  when  sulphate  of  soda,  nitrate  of 
potassa,  and  other  neutral  suits,  are  sub- 
jected in  aqueous  solution  to  the  action 
of  the  current,  the  respective  acids  travel 
with  the  oxyifcn  to  the  ano<le,  and  the 
alkalies,  oxides,  or  bases,  with  the  hy- 
drogen to  the  cathode.  Faruday  terms 
substances  susceptible  of  these  transfer- 
ences low*',  and  those  which  ^o  to  the 
anode  anions  ^  those  to  the  cathode  ca- 
tion^ :  thus  doing  away  with  the  less  de- 
finite terms  of  tUctro-netjat ice  mid  lUctro- 
fHtsitice  bodies. 

WAINSCOT.  In  architecture,  the 
framed  lininj;  in  panels  wherewith  a  wall 
is  faced.  The  wood  oriirinallv  used  tor 
this  purpose  beiiinf  a  species  of  foreign 
oak,  that  wood  luis  acquired  the  name 
from  the  purpose  to  which  it  was  thus 
applied. 

WAIST.  That  part  of  the  crun-dcck 
between  the  fore  and  main  musts. 

WATCH.  A  well-known  portable 
machine,  moved  by  a  sjiriug,  tor  mca- 
suring  time.  When  executed  in  the 
most  perfect  manner,  it  is  calUnl  a  chfut- 
nomei^^r,  and  used  in  uavigatitMi  for  de- 
tcriniuiiiu'  dilKreiu'CS  of  loiiLritiide. 

Watches  arc  said  to  have  been  mide 
at  NuretiilK-rg  so  early  as  1477  ;  but  it 
is  uncertain  how  far  tlio  watohes  then 
constructed  resembled  those  which  now 
po  by  tliat  name.  Some  of  the  early 
ones  were  very  small,  in  the  shajK'  of  a 
pear,  and  .-ometinics  sunk  or  lined  into 
the  top  of  a  walkin!.''-stick.  As  limc- 
keejiers,  \vat«'hes  coufd  haw  very  iiiije 
vuhic  Vn'fore  the  application  of  the  spiral 
spring  as  a  rogulat^r  to  tin-  balance.  Tlic 
nu-rit  of  tliis  cxei'llent  invention  lias  bci-n 
claimed  }ty  llooke  and  Iluyt:ens  ;  hut  it 
seems  estal>Ii>lied  by  unquc^tiunuble  evi- 
dence that  thi;  priority  belonired  to 
llooke  bv  at  least  fifuen  vears.  Tlic 
date  of  the  invention  is  ab'»ut  I'l.'.^. 
IIiMikf's  tir>t  i>:il;inrc  sj>rinLr  w;is  straJL'lit. 
and  acted  on  tlie  baJMncc  in  a  very  iin- 
pcrtect  manner;  but  he  soon  perci-ivcd 
Its  ili-tV'Cts,  ami  attcinj'tcd  to  obviate 
them  by  ado]'tlnLr  tirst  the  c\rniilricaK  | 
and  atU-rwurds  tiie  llat  sj.iral.  Tlic  hit- 
ter a|'pears  to  have  bein  a)>]tru'd  to  ' 
watch«'s  I). 'tore  the  ])ul>lic.;lion  ol'  lliiv- 
gens    claifii  ni  1»>.  •>. 

\yAT(  II  MAK1N(;.      The   wliccls  in  ' 
Bpring-cloekK,  and  in  wateiits,  are  urLTed 


on  by  the  force  of  a  ppiral  spring,  con- 
tained in  a  hollow  cylindrical  barrel,  or 
box,  to  which  one  end  of  a  cord  or  chain 
is  fixed,  and  lapping  it  round  the  barrel, 
for  several  turns  outside  :  the  other  end 
is  fixed  to  the  bottom  of  a  solid,  shaped 
like  the  frustrum  of  a  cone,  known  by 
the  name  of  the  /mte^^  havmg  a  spiral 
groove  cut  on  it:  on  the  bottom  ot  thia 
cone,  or  fusee,  the  first  or  great  wheel 
is  nut.     (.Sf*  Fusee.) 

The  arbor,  on  which  the  spring-barrel 
turns,  is  so  fixed  in  the  frame  that  it 
cannot  turn  when  the  fusee  is  winding 
up :  the  inner  end  of  the  spring  hcN>ks 
on  to  the  barrel  arbor,  and  the  outer 
end  hooks  to  the  inside  of  the  barrel. 
Now,  if  the  fusee  is  turned  round  in  the 
proper  direction,  it  will  take  on  the  cord 
or  chain,  and,  consequently,  take  it  otf 
from  the  barrel.  This  bcmls  up  the 
spring  ;  and,  if  the  fusee  and  great  wiieel 
are  left  to  themselves,  the  ior^'i:  exerted 
by  the  spring  in  the  barrel,  to  unbend 
itself,  will  make  the  barrel  turn  in  a 
contrary  direction  to  that  by  which  it 
was  bent  up.  This  force  of  the  spring 
unbending  itself,  being  communicated 
to  the  wheels,  will  set  them  in  motion, 
and  they  will  move  with  considerable 
velocity. 

Tlieir  time  of  continuing  in  motion 
will  depend  on  the  number  of  turns  of 
the  spiral  groove  on  the  fusee,  the  num- 
ber of  teeth  in  the  first  or  great  wheel, 
and  on  the  number  of  leaves  in  the 
pinion  upon  which  the  great  wheel 
acts,  <fcc. 

The  wheels,  in  any  sort  of  movement, 
wlien  at  liberty,  or  free  to  turn,  and 
when  impelled  by  a  force,  whether  it  is 
that  of  a  weight  or  of  a  spring,  would 
soi.n  allow  this  force  to  terminate  ;  for, 
as  the  action  of  the  force  is  constant 
from  its  lirst  commencement,  the  wheels 
Nvonld  bo  greatly  accelerated  in  their 
course,  and  it  would  be  an  improper  ma- 
chine to  retri?«ter  time  or  its  partt*.  The 
necessity  of  cheeking  this  act.'cleration, 
and  makiriLrthc  wheels  move  with  a  uni- 
form motion,  gave  rise  to  the  invention 
ol'  the  ''-('iijif  //if  /itj  or  ^fii'dvtm-ftit^  as  it  is 
commonly  called.  To  etlect  this,  an  al- 
lerniite  motion  was  necesf*ary,  which  re- 
quired no  small  etl'ort  of  luiman  ingenuity 
to  produce. 

The  <.<.•//'< ;/i^;i/ is  that  part  of  a  chK'k 
or  watch,  eoniu'ctcil  with  the  beats  wliicli 
we  lie;ir  it  L'i\e  ;  and  these  ix-ats  are  the 
e1l"ecl^  of  tiic  moving  power,  carried  for- 
ward by  means  of  the  wheels  in  tlio 
movement  to  the  last  one,  which  is  cjdl 
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ed  the  swing-wlicel  in  a  pendulam  dock, 
and  the  balance-wheel  in  a  watch. 

The  teeth  of  this  wheel  act  on  the 
pallets  or  verge,  which  are  of  various 
shap)cs,  and  wiiich  fonn  the  moat  essen- 
tial part  in  a  scapement ;  they  drop  from 
each  tooth  of  the  swing  or  balance-wheels, 
on  their  respective  pallets,  giving  one 
beat  or  impure  to  the  penduuim  or  bal- 
ance, in  order  to  keep  up  or  maintain 
their  motion ;  and,  were  it  not  for  the 
pallets,  which  alternately  stop  the  teeth 
of  the  swing  or  balance-wheels,  the  mo- 
tive-force'would  have  no  check. 

Hence  it  is,  that,  by  this  mechanism  of 
the  'scapement,  the  wheels  in  the  move- 
ment are  prevented  from  having  their 
revolutions  accelerated. 

WATER  CLOCK.  A  contrivance  for 
measuring  time  by  the  flow  of  water. 

WATKU  GAS.  This  name  is  applied 
to  the  compound  gases  derived  from  the 
decomposition  of  resin  and  the  admix- 
ture ot  hydrogen  from  decomposition  of 
wAter.  So  long  back  as  1  J5iJ3,  Mr.  Jobard, 
in  France,  produced  hydrosrcn  by  the 
decomposition  of  water,  and  applied  it 
to  the  purposes  of  illumination  with 
great  success,  lie  obtained  his  hydro- 
gen by  the  decomposition  of  steam  in 
vertical  retorts,  tilled  with  incandescent 
coke,  and  unites  the  gas  just  as  it  is  form- 
ed with  bir-arburetted  hydrogen  produced 
by  the  distillation  of  any  hydro-carburet, 
as  oil,  tar,  naphthaline,  and  other  pro- 
ducts at  present  rejected  in  ordinary  gas 
works 

In  1848,  Mr.  S.  White  patented  in 
England  an  apparatus  for  the  manufac- 
ture of  gas  from  water  and  common  tar, 
or  resin,  <fec.  The  apj>aratus  consisted 
of  three  retorts,  placed  on  a  stove,  two  of 
which  are  tilled  with  charcoal,  and  thin 
plocos  of  iron,  and  the  other  with  iron 
chains,  hanging  from  a  centre  bar.  The 
first  two  retorts  are  for  the  tlecom posi- 
tion of  water,  which  is  rcirularly  supi.licd 
by  a  syphon  pipe,  passing  throutjli  and 
into  the  centre  of  the  retort.  The  water 
in  f>jusing  thronjjh  the  heated  inuterial 
becomes  (^inverted  into  ]^ure  hy<lroi;cn. 
It  then  passes  into  the  third  retort,  to 
receive  its  t'ull  <loso  of  bicarburet  of  hy- 
droiren,  which  is  prepared  from  eoinniun 
tar,  resin,  or  siniilnr  substances,  pii>'sin</ 
or  droppiuif  on  the  red-hot  eliuin  from  a 
svplion  tub,  which  reiriilates  its  supply. 
'1  his  causes  the  tar  or  nnlted  resni  to 
throw  otf  t)letiiint  gas  in  ahuntlanre.  The 
mixed  gases  are  then  conveyed  into  the 
giusfunett'r  without  jMiritlcation,  none  he- 
mg   nquired.     Its  great  advantaj^'cs  are 


that  it  only  requires  an  apparatus,  which 
may  be  small,  simple,  and  cheap ;  and 
the  beautiful  light  produced  is  superior 
to  the  ordinary  coal-gas.  It  may  be  man- 
ufactured on  small  concerns,  as  manu- 
factories, hotels,  and  large  mansions ; 
and  raav  be  burned  in  anv  room  without 
any  unpleasant  smell  being  evident. 

\\'ATEIi  MEADOWS.  Meadows  on 
low  flat  grounds,  capable  of  being  kept 
in  a  state  of  fertility  by  beiuja:  overflown 
with  water  from  some  adjoining  river  or 
stream.  The  principal  season  at  which 
this  operation  is  performed  is  during 
winter,  when  the  water  is  allowed  to  re- 
main stagnant  on  the  surface  for  some 
weeks  ;  but  meadows  which  can  be  wa- 
tered are  occasionally  overflown  during 
summer,  especially  after  a  crop  of  hay 
luis  been  taken.  The  manner  in  whien 
water  so  applied  to  grass  lands  is  found 
beneficial  has  never  been  satisfactorily 
explained.  By  some  it  is  attributed  to 
the  warmth  retained  in,  or  communicated 
to,  the  soil,  by  the  water  during  winter; 
by  others  to  its  ettect  in  destroying  in- 
sects, worms,  <fec. ;  and  by  some  to  the 
particles  of  manure  deposited  on  the  sur- 
face of  the  soil.  During  summer  the  ef- 
fect is  more  readily  accounted  for,  a  sup- 
ply of  moisture  l>eing  advantageous  to 
all  plants  at  that  dry  season.     {^See  Ikri- 

OATION.)  ' 

WATER  OF  CRYSTALLIZATION. 
Some  crystallized  salts  contain  more  or 
less  water,  which,  as  it  bears  a  definite 
proportion  to  the  other  components  of 
the  salt,  may  be  considered  as  one  of  its 
essential  constituents.  Crystallized  sul- 
phate of  lime,  for  instance,  is  a  com- 
]>ound  of  6S  of  dry  sulphate  and  18  wa- 
ter, or  of  1  equivalent  of  anhydrous  salt 
and  2  equivalents  of  water;  1  equivalent 
of  er>stullizcd  sulphate  of  matfnesia=123, 
contains  7  of  water  =  G;i ;  and  an  equiva- 
lent of  cr^staHized  sulphate  of  8oda=lf>2, 
contains  10  of  water=iMi ;  the  equivalent 
of  water  being  H.  But  it  does  not  neces- 
sarily follow  tliat  a  salt  in  crystals  con- 
tains water,  there  being  many  cryslsila 
which  are  anhi/iirous,  such  as  nitre,  sul- 
phate of  potash,  clu'. 

NVATEK  TABLE.  In  archit.ccture,  a 
projecticm  or  horizontal  set-oif  in  a  wall, 
so  jdaced  jis  to  throw  otf  the  water  from 
the  buildinir. 

WATKK  WAYS.  Strong  pieces  of 
wood  extending  round  tlu-  shq>,  at  the 
juiiclion   of  the  decks  with  the  sides,  to 


carrv  olf  the  water. 
WATKK    WIIEKL. 


In    hvdraulies. 


an  cni^ine  tor  raising  water  in  large  quan- 
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titte*.  Also  >  wbad  turned  by  tha  fbrce 
of  runniiiB  w»ier.  Of  tliese  Ih«re  are 
two  kind*  ;  the  vndrr4iot  tduH,  tod  the 

The  force  on  in  overshot  wHtar-wheel 
ia  that  of  the  weiirhl  of  tlie  wBtur  falling 
on  it,  the  power  beinft  to  (lie  effect  as 
three 'olno.  The  force  OD  an  undmhot- 
wheel  in  the  velocity  ofthe  body  of  wa- 
ter, the  power  beiii);  to  the  effeetu  three 
to  one,  or  half  the  other. 

The  psitielea  of  flnids  are  foimd  to 
flow  over  or  amonitat  emh  other  with 
lens  friction  than  over  eoiid  suhetiDoeti ; 
BDd  ■»  each  partidc  hac  weight,  it  fol' 
lown  thftt  no  qnantity  of  homogeneoua 
flnJd   can  be  in  a  »fate  of  rest,  uniees 

An  l^ie  pBrticte*  of  all  liquids  >ro  hcavv, 
any  veuel  contninin^  a  liqnid  will  be 
carried  towards  the  earth  bv  the  twn- 
fWd  motion,  with  a  power'  eQuivnlent 
to  the  weifibt  it  contaiUB.  and,  if  the 
qnantity  of  the  fluid  be  donbtcd,  tripled, 
&c.,  itic  influence  will  be  doubled,  tri- 

The  prcMnie  of  fluidn  ia,  therefore, 
■imply  ae  their  licighte — a  circumeta]ice 
of  gnal  imporlniicc  in  the  eonAlructii>n 

As  atoms  of  liquids  f^l  independentlv, 
if  a  hole  bo  mode  in  the  bottom  oftfio 
TeP»el  the  liquid  will  flow  out,  tiione 

SRrticle*  directly  over  the  hole  bein$; 
iivharsed  flrvt.  Tlicir  motion  mu^ee 
a  momentary  vafnum,  into  wliicli  tiie 
particles  lend 


riven.,  it  is  In  eom.eqnerK'e  oftlic  ilicli- 
imtion  of  llie  chnnnj.  and  il»  motion  is 
rcfcrnblc  to  tlint  of  nolidii  dracemlinir  an 
inclined  plane;  but.  ftoin  wnnt  of  .-ulic- 
■ion  HmouE:  ita  pnrticle*,  the  motiima  nro 


t  DsiruL  Asn. 


rapidity  of  the  flow. 
The  Mine  law  opplwa 


machineiy.  it  is  considered  to  be  pre- 
ferable lo  ordinary  waler-wheela.  in  olu- 
BlioDi  where  the  hcifiht  of  the  fall  ii 
great  and  t  he  quantity  of  water  not  very 
considerable.  The  annexed  cot  n-i.re- 
nenbi  mi  example  of  a  turbine,  or  A.t^ 
tarsal  ttat,r-«'M.  The  water  ia  intro- 
duced  into  a  e\oim  cast-iron  ve^xel  a,  by 


tends  to  eecnpe  bj  any  aperture  which 
pienented  ;  but  ilia  only  aper- 
— -  •  -'  -  Bertti  of  cun*d  float 


s  //,  (iKeJ  to  a  linriiontal  plate  f, 
i.ti-d  U|«>n  a  central  axin  *.  whi<-h 
:*  upnardK  lliniuKli  »  lube  connect- 
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render  the  reactive  force  of  the  water 

HVailttble  to  the  utmost  extent  iu  produc- 
ing a  circular  motion.  The  machinery 
to  be  impelled  is  connected  with  the 
axi^  h. 

WATER-PROOF  CLOTH.  {See  Ca- 
ouTcnouc.) 

A  patent  was  obtained,  in  1830,  by  Mr. 
Thomas  Hancock,  for  rendering  textile 
fabrics  impervious  to  water  and  air,  by 
snreiiding  the  Uquid  juice  of  the  caout- 
cnouc  tree  upon  the  surfaces  of  the 
goodi^,  and  then  exposincr  them  to  the  air 
to  drv.  It  does  not  appear  that  this  pro- 
ject has  been  realized  in  our  manufao- 
tures. 

Mr.  WiUlam  S.  Potter  proposes,  in  his 
patent  of  IS^io,  to  rtMukT  fjibrics  water- 
proof by  imbuinjf  tlicin  with  a  solution 
of  isin^'trliiss,  alum,  and  soap,  by  means 
of  a  brush  applied  to  the  wrong  side  of 
th<;  cloth,  distended  upon  a  table.  After 
it  is  dry,  it  must  be  bruslied  on  the 
wroni?  side,  asrainst  the  L'Hiin.  Then  the 
brush  is  to  be  dipped  in  clean  water,  and 
passed  li<:htlv  over  the  eloth.  The  gloss 
caused  by  tne  above  application  can  be 
taken  otl  by  brusliiiifr  tjie  goods  when 
they  are  dry.  Clolh  so  prepared  is  said 
to  be  impervious  to  water,  but  not  to  air. 

Mr.  Sievier's  plan  of  renderini;  cloth 
water-proof,  for  which  lie  obtained  a  pa- 
tent in  l>s;i.i,  consists  in  spread ini,'  over 
it,  with  a  brush,  a  solution  of  India-rub- 
ber in  spirits  of  turfientine,  at  one  or 
more  applications,  and  then  applying  a 
similar  solution  mixed  with  aci^tate  of 
lead,  litharge,  sulphate  of  zinc,  gum  mas- 
tic, or  other  drvingj  material.  He  next 
takes  wool,  or  other  textile  material,  cut 
into  proper  lenijths,  and  Sfireads  it  uf)on 
the  surtaco  of  tlie  fabric  varnished  in  this 
manner,  f«>r  the  purpose  of  fonninu'  the 
nap  or  jtile.  He  then  pres-^es  tiie  cloth 
bv  memis  of  rollers,  or  i)ru'^hes,  so  as  to 
fix  the  tu.p  firmly  to  its  suriaee. 

VVAVICS.     I'nduhitioiis  of  fliiiils  pro- 
du('<'d    by  di-iiilaceineiits  ot"  the  ynrticles 
at  some  <li>t  nice,  and  the  subscjUfut  ef- 
r>rt  '^(f  these  to  n-'^Aiw  tln-ir  ei]uilih|-inrn. 
or  place  themselves  up<Mi  the  «i:une  fiuitl 
level.     Tlie  waves  r>f  the  oce  m  produced 
by  the  action  of  the  wind,-*  n('\  i-r  att;iin 
the    heJL'ht    which   it   is    ctniii'Mily   csti- 
miiteil   thcv  do.      ])r.   S<'Mrt'-l.\-,    in    liis  • 
e-tiinatiou  of  Uie   wuvc-*  oi'  lb"  Atlantic  I 
(  •i'r:iii.    found    the  a'.rt-ir   /r^"tobe  15   j 
f-et  above  the  le\cl  <'!' t  he '.\  ater, '•ii  pp- >s- 
\U'S   it    1(»  l-e   a   >>nio(.tli    pl.i'ie  ;    -nd    the  ' 
m'TUi    hi'.'he^t     W;r.e>.     n^'    i  iielU' lin'_''  1 1'C 
broken   or  aeuininatcd   cre>-t>i,   to    be   4:}  \ 
feet  above  the  hollow,  or  trough  of  the  i 
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sea,  produced  by  the  walling  up  of  the 
wave.  It  is  only  the  upper  stratum  of 
the  water  wliich  is  thus  agitated  (from 
15  to  20  feet  from  the  surface ),  and  the 
wave  is  not  carried  forward,  but  rises  up 
and  down,  and  thus  displaces  a  fresh 
body  of  water  in  advance,  compelling  it 
to  rise  up,  and  become  a  wave  in  turn. 

There  are  waves  in  the  atmosphere  as 
well  as  in  the  ocean,  and  the  upper  re- 
gions of  the  air  have  their  currents, 
tides,  and  waves,  just  a«  the  oceans  of 
water.  It  is  the  elevation  and  depres- 
sion of  these  great  atmospheric  waves 
which  produce  a  corresponding  move- 
ment in  the  mercury  of  the  barometer 
tube. 

This  physical  phenomenon  of  undula- 
tion is  not  confined  to  fluids  and  gases  : 
it  appears  to  be  a  property  of  tlie  ether 
which   tills   space,    aj^ntations   of  which 
produce  such  interesting  ert'ects.      Heat 
and  electricity,  it  is  nrosumed.  are  par- 
ticular forms  of  undulation  of  the  etner, 
and  liirht  is  now  generally  admitted  to 
be  waves  of  ether  ;  the  nature  and  color 
of  the  liirht  beini^  produced  by  varieties 
in  the  undulation.     To  produce  an  ordi- 
nary ray  of  white  light,  it  is  not  merely 
necessary  that  the  ether  should  be  agi- 
tated by  horizontal  waves,  like  those  of 
the  ocean,   but  that  it  sjiould  also  have 
waves  vibratintr  vertically,  or  from  side 
to  side  :    and  these  two  kinds  of  waves 
are  bound  together  iu  the  ordinary  ray 
of  sunliirht.      These   two   rays    nui'y    be 
separated  by  passing  the  sunliirht  tlirough 
ceitain  substances,   as  a  clear  crystal  of 
Iceland  spar,   doubly   refracting  spar,  a 
variety  ot  carbonate  of  lime.     By  turning 
the  crystal  round  in  the  hand  above  any 
object,  such  as  a  single  letter  on  a  white 
surlace,  two  imaircs  of  this  letter  will  bo 
perceived,  one  ol' which  remains  station- 
ary, or  nciiriy  so,  while  the  other  travels 
round  it   in  a  circle  ;  the  latter  is  called 
the  rr/rii"ri/i '/>!/■>/,   the  former  the  ifrdi- 
n<'rt/  rat/.     TIk-  phcnofnenon  in  i.roduccd 
by    the    retVaeti\(;    power   of    tne    spar, 
which  thus  re-^olves  the  luminous  undu- 
lations into   two  colorless  scries  at  rit'lit 
anL''!es  to  each   other;  when   combined, 
c^»n■^Iitu^i^Lr   comnion    liL'ht,    and    wiu-n 
sciinraled,    jtrodiK'ing   jiohirizi'l  Ihjlit,  hO 
called,  Iteeailse  tliev  M^^Uine  heW  and  pe- 
euli.ir    pr"[.ert'es    with    ri"_Mrd    to    c:ieh 
other,  and  dlirerent  relraoiing  or  retlecL- 
ill'j"  luedia. 

M  '\\\  miner  lis  pol-iri/e  liLrht.  as  r.-.Tites 
nil  1  to'ir-ii  •;i!'e-.  i.^LTiit  tiii.s  altered 
may  also  be  oht.iliied    i>y   relle<-iion   from 

SUIIUCeS,  bUeil  \xr<    glabS  ;    Ulid  iL  Wu:4  Ifuia 
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this  sonroe  it  was  first  discovered  by 
Malus.  By  more  oomplioated  methods, 
the  ray  of  colorless  lii^ht  may  be  so  much 
refnicted  as  to  be  broken  up  into  its 
colored  rays,  and  then  actii^  in  a  man- 
ner similar  to  the  colorless  ray,  produoes 
the  phenomenon  of  colored  polarization. 
This  subject  cannot  be  entered  into  mi- 
nutely in  this  treatise.  Polarized  light 
is  now  made  use  of  in  the  arte  as  a  test 
for  the  purity  of  substances.  It  is  found 
that  liquids  have  the  property  of  polariz- 
ing light  similar  to  crystals,  and  not  only 
is  the  amount  of  separation  of  the  two 
rays  constant  at  all  times  for  the  same 
substance,  but  even  the  direction  is  also 
permanent  and  unvarying;  thus  some 
substonecH  turn  the  polarized  ray  to  the 
right,  and  others  to  the  left.  It  is  only 
necessary,  therefore,  to  know  what  the 
amount  and  direction  of  the  deviation 
of  the  ray  is,  and  then  by  looking  into 
the  tables  made  for  that  purpose,  the  ex- 
act substance  will  b^  found  opposite  to 
the  figures  in  the  timlc.  Solutions  of 
sugar,  campVior.  and  many  other  organic 
liquids,  naturally  develop  the  phenom- 
enon of  circular  pohirization^ — that  is, 
make  the  ray  revolve  round.  Oil  of  tur- 
pentine makes  the  ray  rotate  to  the 
right;  so  ulso  docs  naphtha  and  oil  of 
anise,  syrup  of  grape  sugar  and  grape 
juice ;  while  oils  of  citron  and  berga- 
mot,  solution  of  cane  suijar,  and  tartaric 
acid,  make  the  ray  rotate  to  the  Iclt. 
Polurizjitiou  is  often  made  a  useful  test  of 
the  presence  and  purity  of  essential  oils 
and  volatile  liquids.  '  The  instrument 
with  which  these  experiincnta  are  made 

is  called  a  polari- 
Bcope ;  an  illus- 
tration of  which 
is  given.  It  con- 
sists of  a  tube  of 
brass  one  inch 
broad,  and  eight  inches  long,  A,  B.  into 
which  the  fluid  to  be  examined  isjilaced. 
The  tube  is  closed  at  tlie  lower  end  by  a 
plate  of  glass.  At  one  extremity  of  this 
tube  is  placed  a  bundle  of  plates  of  win- 
dow-gloisa  N'  fixed  so  as  to  admit  of  ready 
motion,  and  supported  by  a  screw  in  its 
place.  These  plates  of  glass  receive  the 
ray  of  light,  polarize  it,  and  transmit  it 
through  the  tube  eontaiiiinsr  the  liiniid. 
At  the  other  end  of  the  tube  is  ])laccd 
tlie  eye- piece  M,  consisting  of  a  sinixlc 
iuiafre  prism,  or  KicliolPs  }»rism,  which 
is  a  crystal  of  refracting  spar  sawed 
down  the  middle,  and  soldered  togetlier 
bv  Canada  balsam.  A  bundle  of  thin 
glass  plates  may  be  used  instead  of  this, 


if  they  are  capable  of  being  placed  at  taoj 
azimuth. 

WAX.    This  is  a  oommon  veffetable 
product  forming  the  vamlah  which  ooata 
the  leaves  of  certain  plants  and  treea. 
It  is  also  found  upon  some  berries,  as  of 
the  Myrica  ceri/era  ;  and  it  is  an  ingre- 
dient of  the  pollen  of  fiowors.    It  was 
long  supposed  tliat  bees  merely  collected 
the  wax  thus  ready  formed  in  plants: 
but  Hubor  found  tnat  though  excluded 
from  all  food  except  sugar,    they  still 
formed  wax ;  and  accordingly  it  has  been 
found  that  the  elementary  composition 
of  be<»*  wax  and  vegetable  wax  is  slightly 
different.      Bees'  wax    is    prepared   by 
draining  and  washing  the  honeycomb, 
which  IS  then  melted  in  boiling  water, 
strained,  and  cast  into  cakes.    £ngli»h 
and  foreign  wax  are  found  in  the  market ; 
the  letter  being  chiefly  imported   from 
the  Baltic,  the  Levant,  ana  the  coast  of 
Burbary.      Fresh    wax    has    a   peculiar 
honey-like  odor :   its  specific  gravity  is 
*96.  '  At  about  150°  it  fu^es,  and  at  a 
high  temjpcmture  volatilizes,  and  bums 
with  a  bright  white  flame.    It  is  bleach- 
ed by  being  exposed  in  thin  slices  or 
ribbons  to  light,  air,  and  moisture,  or 
more  rapidly  by  the  action  of  chlorine; 
but  in  tiie  fatter  csiae  it  docs  not  answer 
for  the  numufaeturo  of  candles,  which  w 
one  of  its  principal  applications.     Wax 
candles    are    made   by  suspending   the 
wicks  upon  a  hoop  over  the  caldron  of 
melted  wax,  which  is  successively  pour- 
ed over  them  from  a  ladle  till  they  have 
acquired  the  proper  size,  so  that  tlie  can- 
dle consists  of  a  series  of  layers  of  wax ; 
the  upper  end  is  then  shaped,  and  the 
lower  cut  off.    Attempts  have  been  made 
to  east  wax  candles  in  moulds,  but  when 
thus  made  they  bum  irregularly.  Bleach- 
ed or  white  wax  is  genenJly  aciulterated 
with  more  or  less  sp'ermaceU,  and  sold  at 
diil'crcnt  prices  accordinglv  ;  in  this  case 
it  has  not  the  peculiar  "lustre  of  pure 
wax,  and  is  softer  and  more  fusible.     It 
is  also  larjjclv  adulterated  with  stearine 
or  stearic  acid,  which  is  detected  by  the 
o<l()r  or  fat  of  tallow  which  it  evolves 
when  highly  heated,  and  by  its  crumbly 
texture ;    it  may  also  be  separated  to  a 
certain  extent  by  other  or  alcohol.     Wax 
is  insoluble  in  water,  and  scarcely  acted 
upon    by  the  acids,  so  that  it  forms  a 
good  lute  or  cement:  bv>iling alcohol  and 
ether  act  partially  upon  it,  and  depcvsit 
the  portion   whicn  tliey  had  dissolved, 
on  cooling.    Some  varieties  of  vegetable 
wax  appear  to  contain  two  distinct  prin- 
ciples, which  Dr.  John  has  termed  o«rifi 
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and  ffwricin  ;  the  fonner  soluble,  and  the 
latter  insoluble,  in  alcohol.  Heated  with 
the  fixed  alkollea,  wax  forms  a  difiicnltly 
Boluble  soap. 

WEATIIER-BOARDING.  In  archi- 
tecture, feather-edged  boarding  nailed 
upright,  whose  boards  lap  over  e(tch 
other,  so  as  to  prevent  the  rain,  <&c., 
from  j>enetrnting  them. 

WEATHER  GLASS.  A  name  com- 
monly given  to  the  barometer;  butsome- 
tinies  also  applied  to  other  instruments 
for  aseertainmg  the  state  of  the  atmos- 
phere, or  measuring  atmospheric  changes, 
it  is  tiiuA  applied  to  the  tnermomeUr,  the 
hygronuUr^  &c. 

WEAVING.  The  art  of  forming  cloth 
in  a  loom  by  the  union  or  iutertexture 
of  threads.  The  iirt  of  weaving  is  of 
great  antiquity  :  it  has  been  practised  in 
all  ages  and  in  all  countries:  oMt  it  would 
be  impossible  within  our  limits  to  give 
even  a  sket^jh  of  ils  history,  progress, 
and  sncce.'^sive  improvements  down  to 
its  present  perfect  state.  We  had  in- 
tenoed  to  present  the  reader  with  a 
sketch  of  the  various  improvements  that 
have  been  made  in  the  loom  from  its 
simplest  construction,  down  to  the  elabo- 
rate invention  of  Jacauard  ;  but  it  was 
found  that  this  could  not  be  effected 
without  the  introduction  of  numerous 
diagrams  and  details,  which  would  have 
been  foreign  to  the  purpose  of  the  work. 

Spinnin^y  or  converting  fibrous  ma- 
terials into  threads  for  weaving,  is  one 
of  the  most  important  and  extensive  em- 
ployments. The  distaff  was  the  first  ma- 
chine, and  the  thumb  and  finger  the 
tpols,  with  saliva  for  cement.  These 
operations  have,  however,  been  imitated, 
1st,  by  Hargreuve,  in  his  jenny,  which 
drew  out  and  twisted  a  dozen  threads ; 
2d.  by  Arkwrifirht,  with  his  rollers  of 
different  velocity,  in  which  he  exactly 
imitated  the  action  of  the  thumb  and  fin- 
eer;  and  8d,  by  Cromoton,  in  his  mules, 
oy  which  he  spins  from  100  to  lOuO 
tfireads.  The  same  machinery  is  ex- 
tended to  cotton,  flux,  wool,  silk,  &c., 
and  competition  has  raised  factories, 
which,  in  Dulk,  arc  wonders  of  the  world, 
by  which  the  labor  of  twcntv  or  thirtv 
women  at  the  distutf  is  now  performed, 
in  general  Ixjtter,  by  single  children. 
Patents  out  of  number  have  been  taken, 
to  improve,  simplify,  elieapen,  and  ac- 
ci'leriitc.  These  apl'ly,  however,  to  the 
finer  fibres  ;  but  \m\vi  has  recently  ap- 
plied the  same  principles  to  coarse  hemp, 
oy  larger  and  stronger  machinery. 

The  hemp  is  distributed  on  the  end- 


less leather  of  a  spreading-table,  bj 
which  it  is  conveyed  to  the  feeding  roll- 
ers, and  by  them  delivered  upon  the 
gill,  or  needles,  by  the  operation  of 
which  the  fibres  are  drawn  out  and  laid 
lengthways  into  a  band  of  hemp  of  uni- 
form width  and  thickness.  The  gill  con- 
sists of  a  series  of  arms,  projecting  from 
an  endless  band,  passing  about  two  roll- 
ers, with  indentations  so  arranged,  that 
the  ends  of  the  arms  next  the  chain  fall 
successively  into  them,  and  cause  the 
points  or  needles,  projecting  troin  other 
ends  of  the  arms,  to  penetrate  into  the 
hemp,  and  to  draw  it  out  from  the  feed- 
ing rollers :  and,  when  the  needles  have 
drawn  the  hemp,  and  carried  it  the 
length  of  the  gill,  they  are  withdrawn 
by  their  pansing  over  the  second  notched 
roller,  while  the  hemp  is  delivered  to 
the  pressing  roller.  Tne  difference  be- 
tween this  and  the  common  flax  gill 
consists  in  an  adjustment,  by  which  the 
distance  between  the  feeding- rollers  and 
the  larill,  as  well  as  the  extent  of  the 
drawing  operation  of  the  gill,  can  be 
retrulated  to  correspond  with  the  lensrth 
of  fibres  to  be  operated  upon.  Another 
improvement  is,  the  introduction,  at 
pleasure,  of  an  additional  pair  of  draw- 
mg-rollers,  with  an  adjustable  gearing 
to  give  them  motion,  when  the  length  of 
the  fibre  requires  such  an  addition. 

The  other  parts  of  the  process  of  spin- 
ning cords  for  rope-makers  do  not  differ 
materially  fVom  the  usual  operation  of 
spinning  fiax,  except  the  introduction  of 
a  series  of  folds  oi  strong  felt,  through 
which  the  strand  is  drawn  after  it  passes 
the  conical  condensing  tube ;  the  uiten- 
tion  of  which  is  to  press  down  and  cause 
to  be  mixed  into  tne  strand  the  ends  of 
the  fibres. 

After  all,  the  distaff-spinning  of  the 
Hindoo  exceeds  in  fineness  any  product 
of  machinery,  and  their  shawls,  silks, 
and  niusliiis  are  miracles  of  human  art. 

WEDGE,  in  mechanics,  is  one  of  the 
five  simple  enirines  or  mechanical  powers, 
and  is  used  sometimes  for  raising  bodies, 
hut  more  frequently  for  dividing  or  split- 
ing  them.  In  the  former  case,  ir  we 
suppose  the  wedjz'c  to  be  urged  by  pres- 
sure, tlio  action  of  the  wedge  is  pre- 
cisely the  same  a-s  that  of  the  inclined 
plane  ;  tor  it  is  evidently  the  same,  in 
point  of  mechanical  advunUitre,  whether 
the  wedge  be  pushed  under  the  load,  or 
the  load  be  drawn  over  the  plane.  The 
power  is  therefore  to  the  force  to  be 
overcome  as  the  tangent  of  the  angle  of 
the  penetrating  sides  to  the  radius,  leuv- 
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ing  the  friction  out  of  consideration : 
hence  the  thinner  the  wedg-e  tiie  greater 
is  its  etfect.  But  wlien  tlie  wed}»'e,  iis  is 
penerally  the  case,  is  driven  forward  by 
percussion,  its  power  cannot  be  esti- 
mated with  any  desyree  of  accuracy. 
The  percussive  tremor  excited  by  the 
blow  destroys  for  an  instant  tlie  friction 
at  the  sides,  and  aujfinenrs  prodiijriously 
the  penetrating  etfect.  licsides,  when 
the  wed^e  is  used  in  rcndintj  wood  or 
other  substances,  the  parts  of  tlie  block 
are  ^'cnerally  se}>araten  to  a  consi<lerable 
distance  before  the  edire  of  the  wedtrc  ; 
in  which  case  it  acts  besides  as  a  lever, 
the  nowcr  bciiur  ai)plied  at  the  end  of 
the  block  or  acting  part  of  the  wedirc, 
and  the  re-distance  being  at  the  point 
where  the  fibres  begin  to  separate. 

All  the  various  kinds  of  cutting  and 
piercing  tools,  as  axes,  knives,  scissors, 
chisels,  &c.,  nails,  pins,  awls,  d^c,  are 
modifications  of  the  wcdL'e.  The  angle 
in  these  cases  is  more  or  less  acute,  ac- 
cording to  the  purpose  to  whieh  it  is 
applied.  The  niechiinical  advantatre  is 
increased  by  diininishinjj  the  anirle  of 
the  wcdL'C  ;  but  the  strength  of  tiie  tool 
is  thereby  also  diminished.  In  tools  for 
cultiiiL'  wood  the  anirle  is  generally  about 
3o^;  for  iron  it  is  from  Ao^  to  »j<»";  and 
for  brans  from  8oo  to  OOo.  In  general, 
the  softer  the  sul)Stnnce  to  be  divided 
is,  the  tnore  acute  may  the  wedge  be 
con-itructed. 

WEFT  is  the  name  of  the  yarns  or 
threads  wliich  run  from  selvage  to  sel- 
vage in  a  web. 

WELD  is  an  annual  lierbnccons  plnnt, 
which  trrows  all  over  Eur<»{'e,  callcfl  by 
botanists  /A.svfA/  Inf-oUi.  The  sti-ms  and 
the  leaves  d\e  yellow;  and  among  the 
dyes  of  ofLranie  nj.ture.  llu-y  rank  next 
to  the  I'er.-»ian  l>erry  for  the  licanty  and 
fastne-ss  (tf  eolor.  Tlie  whole  jilaiit  is 
cropi'ed  whiMi  in  sei-d,  at  which  iKiind  ' 
it-'  (Ixein-/  p'>\\(>r  is  irri'at«-st  :  aiul  at'tcr 
bcinLT  >iiiijily  dried,  it  i>  l.r(niL.'ht  into  llio  , 
nr.irkft.  | 

Chevreul  has  <li>oovercd  a  yellow  co-  i 
lorini:  princi]>li'  in  weld,  which  lie  has 
called  )uti">iii'.  It  may  he  siibliniod, 
and  thus  ohtained  in  l<«nL'  ni'e<lU'-f''>rm, 
traiispiirent.  yellow  crystals.  Lulcoline 
i-.  hut  sparinirly  soIiilili>  in  wa'cr;  iuit  it 
nevertheless  il\  c->  ahinied  silk  and  \\<h>\ 
ot"  a  tine  Joniiuil  cnliT.  It  is  snliiMe  in 
aleoho!  and  ctlier;  ii  i-ombino  with  acids,  \ 
and  csi.cci-.Ilv   wit  \\  ba-fn. 

Whi-n  weld   is  to   bi'.  eni)'lo\ed  in  the 
dve-bath,  it  shoiiM  l»e   boiled  for  three 


quarters  of  an  hour;  after  which  the 
exhausted  plant  is  tukeu  out,  because  It 
occupies  too  much  room.  Tlie  decocli«>n 
is  rapidly  decomposed  in  tlie  air,  and 
ought  therefore  to  be  made  only  wlicn  it 
is  wanted. 

WELDING    is    the    property   which 

f)ieccs  of  wrouifht  iron  po^»e^8,   when 
icated  to  whiteness^  of  uniting  intimate- 
ly and  permanently  under  the  humnu-r, 
into  one  body,  without  any  appearance 
of  junction.      The  w^elding  tenn»erature 
is  usually  estimated  at  from  6u^  to  *jo-  of 
W^edgewood.    When  a  skilful  blucksmith 
is  about  to  perform  the  welding  opc»'a- 
tion,   he  watches  minutely  the  effect  of 
the  heat  in  his  forge-fire  upon  the  two 
iron  bars;  and  if  he  perceives  them  l>e- 
ginning  to  burn,  ho  pulls  them  out,  rolls 
them  in  sand,  which  forms  a  glai*sy  sili- 
cate of  iron  upon  the  surface,  so  as  to 
prevent  further  oxidizemcnt ;   and  then 
laying  the  one  properly  upon  the  other, 
he  incorporates  them  by  his  right-liand 
hammer,  being  assisted  by  another  work- 
man, who  strikes  the  metal  at  the  same 
time  with  a  heavy  forge-hammer. 

J'hitiHum  is  not  suseeptible  of  being 
welded,  although  usuaJlv  said  to  be. 

WHALEBONE  is  the   name   of  the 
horny  laminae,   consisting  of  fibres  laid 
lengthwise,  found  in  the  mouth   of  llie 
whale,  which,  by  the  fringes  upon  tluir 
cdt'cs,    enable   the  animal  to   allow  ti^e 
water  to  flow  out,  as  through    rows  of 
teeth  (which  it  wants),  from  l)etween  its 
capacious  jaws,  but  to  catch  and  det:iin 
the    minute    creatures    upon    wliich    it 
i'eeds.      The    fibres    of  whalebone  have 
little  lateral    cohesion,    as   they  are   not 
trans verselv  decussated,  and  mav,  there- 
fore,  be  readily  detached  in  the  form  of 
loni;  filaments  or  bristles.      The    hiati^jt^ 
or  scythe-shaped    plates,    are  externally 
coiniiact,    smooth,    and  suseeptibie  of  a 
iT'ioiI  polish.     They  are  connected,  in  a 
parallel    series,    by    what    is    cailed    the 
[I'lin    of  the    animal,    and   are  arranged 
aloii._'    each    side    of   its    mouth,    to  the 
nuniher    ot"  abctut    Hoo.      The  length   <tf 
the  lonirost  }>!'iih.  which  is  usUalU  found 
near    the    ini'idle   of   the    schls,    i>  the 
tran ire  adopted  by  the  fishermen  to  tie^ig- 
n;itc    the   si/e  ot"  the  fi>h.     The  greaIc^t 
IchLTth  hitherto  known  has  been  15  lei-t, 
hilt    it    rarely    exceeds    V2.    or    V-\.       Toe 
iire-i'ith,  at  tlie  root  end,  is  Irom  l<i  to  12 
inches;   and  the  avera^'C  thickness,  from 
l''iir  to  tivc-tenths   of  all  inch.     The  se- 
rii>.    \ie\\ed   altoLTether  in  the  mouth  of 
tiie  whale,  rc'^emhle,  in  general  form,  the 
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roof  of  a  hooM.  They  are  cleaned  and 
Boflened  before  oattiDg,  by  boiling  for 
two  hours  in  a  long  copper. 

From  its  flexibility,  strength,  elasticity. 
and  lightness,  whalebone  is  emplovea 
for  many  pnrpoees  :  for  ribs  to  amDrellas 
or  parasou ;  for  stiffening  stays ;  for  the 
framework  of  hats,  <&c.  Wnen  heated 
by  steam,  or  a  sand-bath,  it  softens,  and 
may  be  bent  or  moulded,  like  horn,  into 
vanoas  shapes,  which  it  retains,  if  cool- 
ed under  compression.  In  this  war,  snuff- 
boxes, and  knobs  of  wnlking-stioks,  may 
be  made  from  the  thicker  parts  of  the 
blade.  The  surface  is  polisned  at  first 
with  ground  pumice-stone,  felt,  and  wa- 
ter; and  finished  with  dry  quicklime, 
■pontaneously  slaked,  aud  sifted. 

WHEEL  WORK,  in  machinery,  con- 
sists of  a  combination  of  wheels  commu  - 
Dicating  motion  to  one  another.  Such 
combinations  may  bo  formed  in  various 
ways ;  but  they  are  generally  reducible 
to  the  principle  of  the  wheel  and  axle, 
though  the  wncel,  which  turns  the  other, 
is  not  usually  on  the  same  axis  with  it. 
The  motion  in  such  cases  is  oommuni- 
cated  fVom  the  one  wheel  to  the  other, 
either  by  belts  or  straps  passing  over  the 
circumferences  of  both,  or  by  teeth  cut 
in  those  circumferences,  and  working  in 
one  another.  In  either  of  these  ways 
the  velocities  of  points  in  their  circum- 
ferences are  eaual ;  and  consequently 
their  angular  velocities,  or  the  number  of 
revolutions  which  they  make  in  the 
same  time,  are  inversely  as  their  radii. 
When  one  wheel  drives  another  by  teeth, 
they  necessarily  turn  in  opposite  direc- 
tions ;  if  unitea  by  a  cord  or  belt^  they 
will  turn  in  the  same  direction,  if  the 
belt  does  not  cross  itself  between  the 
two  wheels ;  but  if  the  belt  crosses  itself, 
they  will  torn  in  opposite  directions. 
The  chief  advantage  of  transmitting  mo- 
tion by  cords  or  belts  is,  that  the  wheels 
may  be  placed  at  any  convenient  dis- 
tance from  each  other,  and  be  made  to 
turn  either  in  the  same  or  in  opposite 
directions. 

Wheels  may  act  on  one  another,  so  as 
to  communicate  motion  in  various  ways. 
When  the  resistance  of  the  work  is  not 
great,  the  object  may  bo  accomplished 
by  the  mere  friction  of  their  circumfer- 
ences. In  order  to  increa.se  the  friction, 
the  surfaces  of  the  rims  are  faced  with 
buff  leather  (caoutchouc  might  answer 
the  purpose  better),  or  wood  cut  against 
the  jyrrain,  and  pressed  toijether  with  a 
certain  degree  of  force.  This  method  is 
sometimes  used  in  spinning  machinery. 


and  has  even  been  applied  flaccessftiUT 
to  the  saw-mill ;  bat  it  is  seldom  adopted 
in  works  on  a  great  scale.  Motion  oommn- 
nicated  in  this  manner  prooeeds  smooth- 
ly and  evenly,  and  is  aooompanied  with 
httle  noise. 

When  motion  is  to  be  transmitted 
through  a  train  of  wheel  work,  toothed 
wheels  are  generally  employed.  It  is 
usual  to  call  a  small  wheel  acted  on  by  a 
large  one  opinion,  and  its  teeth  the  leavea 


of  the  pinion.  Wheels  and  pinions  are 
combined  variously,  sometimes  as  in  the 
annexed  cut ;  at  other  times,  the  axle  of 
the  wheel,  which  bears  the  power,  is  a 
ninion,  which  drives  the  second  wheel. 
The  axle  of  this  wheel  carries  a  pinion, 
which  drives  the  third  wheel.  When 
motion  is  communicated  in  this  manner, 
the  angular  velocity  of  the  first  wheel  is 
to  that  of  the  last  pinion  as  the  product 
formed  by  multiplying  together  the  radii 
of  all  the  wheels  to  the  product  formed 
by  multiplying  together  the  radii  of  all 
the  pinions.  Consequently,  if  R.  R'  R", 
&c.,  denote  respectively  the  radii  of  the 
wheels,  and  r,  r'  r".  &c.,  the  radii  of  the 
pinions,  we  shall  have,  by  the  principle 
of  virtual  velocities  jp  (R  X  R'  X  K'',  Ac.) 
=  ?o  (r  X  r'  X  r",  &c.)  As  the  size  of  the 
teeth  of  any  wheel  and  the  pinion  into 
which  it  works  must  be  equal,  we  may 
substitute  for  the  radii  the  number  of 
teeth  in  the  wheels  and  pinions  respec- 
tively. 

Toothed  wheels,  as  distinguished  by 
the  position  of  the  teeth  relatively  to  the 
axis,  are  of  three  kinds :  spur  iche^U^ 
crown  wheels,  and  bevelled  wheeU.  When 
the  teeth  are  raised  upon  the  edge  of  the 
wheel,  or  are  perpendicular  to  the  axis  (as 
in  the  above  ngure\  the  wheel  is  a  spur 
wheel ;  when  they  are  raised  parallel  to 
the  axis,  or  perpendicular  to  the  plane 
of  a  wheel,  it  is  a  crown  wheel ;  and 
when  they  are  raided  on  a  surface  inclined 
to  the  plane  of  the  wheel,  it  is  called  a 
bevelled  wheel.  The  combination  of  a 
crown  wheel  with  a  spur  wheel  as  pinion 
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ii  Tued  when  it  is  required  to  comtnani- 
oate  motion  round  one  axis  to  another  at 
right  angles  to  it.  Two  bevelled  wheels 
are  employed  to  transmit  motion  from 
one  axis  to  another  inclined  to  it  at  any 
proposed  angle.  Wheels  have  also  dit- 
lerent  names,  according  to  their  mode  of 
action,  as  heart  wheel,  sun-and-^lanet 
wheel. 

Form  of  the  Teeth  of  WhefU.—ln  the 
construction  of  machinery,  it  is  of  the 
utmost  importance  that  the  several  parts 
act  on  one  another  with  a  unitorm  force, 
and  with  the  smnllest  pos.sibie  amount  of 
friction.  When  wheels  act  hy  teeth 
working  into  each  other,  every  point  of 
the  side  of  the  tooth  which  is  in  action 
comes  successively  into  contact  with  the 
tooth  of  the  pinion  as  the  wheel  turns 
round,  and  the  force  is  necessunlv  ex- 
erted  at  the  points  which  are  in  contact. 
Hence  the  Icnirths  and  positions  of  A  c 
(A  heinsr  supposed  the  centre  of  the 
wlieel  and  c  the  1)0111^)  and  Br,  the  levers 
bv  whicli  thev  act,  are  coiistiintlv  ehancr- 
\x\<s\  and  in  order,  therefore,  that  tl)e 
force  of  the  on«'.  tooth  upon  the  other 
mav  be  con>tnnt,  it  is  nccessnrv  that  the 
line  drawn  perpendicuhir  to  the  surfaces 
of  both  teeth,  at  the  point  ot"  contact  r, 
always  intersect  the  line  A  B  of  the  cen- 
tres in  the  same  }>oint.  There  are  ninny 
different  curves  accordingr  to  which  the 
teeth  ini'jlit  be  formed  so  as  to  annwcr 
this  conditioji  ;  but  that  whioli  h:is  been 
most  eonerally  ailopted,  and  whirli  jip- 
pcnrs  the  nio-^t  convenient,  is  the  epicy- 
cloid pojieratod  by  the  revolution  of  a 
circle  who.vc  radius  is  equal  to  h:ilf  th.e 
ra<lius  oftjie  pinion  (»n  the  circumference 
of  a  circle  c.|n;il  to  the  wliccl.  This  wns 
fir>t  proposed  l)y  Koeiiu-r.  the  ccltdir.iti-d 
Danisli  astriuioiiicr.  Tiic  evoliUe  of  the 
circle  was  pro}>osed,  with  other  curves, 
by  Enler. 

"When  tlic  teeth  are  constructed  ac- 
cordinir  to  tlic  theorcticiil  rules,  the  no- 
tion is  not  only  uniform,  hut  there  is  little 
friction  :  for  tj'e  teeth  roll  on  one  iinotlier. 
and  neither  ^li.lL■  nor  ruh.  But  as  it 
is  itnpo<>i]»le  to  !itt:iin  ]>erfcct  ao-uniey 
in  f)racticc,  tlic  surfice^  oi"thc  tcMi  will 
alu'ays  present  some  inetjuiiliiies,  and 
th.cre  will  conse(|Uciitly  he  some  tViction. 
In  order,  thcretorc,  to  e<pi;ili/c  th.c  wear, 
it  is  neces^iary  tiiat  every  leal"  ot"  the 
j)inion  sjifuild  work  in  •^uccesvion  t  hroiuh 
every  tof.th  of  tin-  wIum-I,  -md  tiot  ;ihva\s 
throu.rh  tile  same  set  of  tc«-th  :  and  heii.-e 
the  number  ot'teith  in  a  wlicel   aiul  in  a 

f)inioii  whicli  work  itito  c:  fh  othi  r  -^liouM 
>e  prime   lo  one  aU'-ther.     Thi--  pri  cau- 


tion IB  more  especially  necessar/  in  niill> 
work,  and  where  considerable  force  Is 
Qsed. 

WHEELS  OF  CARRIAGES.  Wheels 
consist  of  the  nave  or  stock,  in  the  cen- 
tre, the  tprAcea  which  are  radii,  and  the 
ring,  which  is  the  peripheTT  of  the 
wheel.  When  a  wheel  is  to  be  made, 
the  workman  adapts  moulds  to  its  exuct 
diameter.  Twelve  spokes  are  oomnionly 
assigned  to  the  larger  wheels  of  c:ir- 
rift£res,  and  ten  to  the  smaller  onc«. 
The  working  and  finishing  of  the  several 
fellies,  to  form  the  periphery'  of  a  \i  heel, 
consists,  after  it  has  been  rousrbly  clirn- 
ped  to  the  pattern,  in  formine  its  in«iide 
edtre  somewhat  roundiuff,  and  gettinL'  iis 
outside  edfire  perfectly  circular,  and  to 
form  such  an  acute  ande.  that,  when  the 
wheel  is  adapte<l  to  the  axle-tree,  it  sli.ll 
stand  square  and  solid  under  the  body  of 
the  carriatf-e. 

The  strength  of  9  wlieel  depends 
fi-reatly  on  the  attention  pnid  to  ire  nr- 
nuiL^ement  and  frandnsr  of  the  spokc>; 
in  c(»ninion  wheels  thi'V  are  fmnuvl  rrjii- 
larly  and  equally  all  round  tlie  thickt^t 
nart  of  the  luive,  the  tenons  of  the  ««]M'ktii 
neing  so  V)evelled  as  to  stand,  with  re- 
ference to  the  horizontal  position  of  the 
nave,  about  three  inches  out  of  the  p<-r- 
pendicular  :  this  is  done  to  produce  whar 
IS  called  dishing-.  But,  lor  whee's  of 
streuL'th,  such  as  the  wheels  of  rowd 
conches,  tlie  frnminL'  of  tic  .-jx.Ve-  con- 
sists in  T'ettinL'  every  other  one  j-eryn-n- 
diculiir  to  the  nave.  ITeiicc  the  rnort'-es 
to  receive  them  in  if  are  not  in.-.de  in  a 
pMrallel  line  round  it,  but  stand,  in  two 
tlitfercnf  paralie's.  one  without  tie  other, 
by  which  greater  solidity  is  civen  to 
the  nave,  and  an  ininien.NC  adiiiiion  of 
strength. 

The  boxinrr  of  a  wlieel,  and  ad.nptinflr 
tlic  axle-tree,  is  done  usually  l)y  tl.ccoacli 
or  tire-smith.  The  box  of  a  wheel  !•«  a 
liollow  conical  tube  of  iron,  furni.-hed 
on  its  outside  with  two  or  three  suuire 
jir(»iections.  wliicli  have  tlie  eJft-ot  ot^jjv- 
ii'iT  it  a  key  when  niorti-ed  tiirous?h  the 
nave  of  the  wheel.  Patent  boxes  are  of 
a  dilferent  construction,  and  owe  their 
sate'y  to  four  bolt.-,  which  pass  c<nu- 
j»letcly  throULrh  the  nase  (»f  the  wheel, 
luiviiiir  a  squ  ire  sliouidcr  <in  the  back  of 
the  nave,  with  screws  nnd  nuts  on  its 
front.  The  1)ox  to  such  a  wheel  is  Tn:t<ie, 
as  are  the  otlier  boxes  ahove  deseril>ed, 
except  hein^r  cdmpktelv  eloped  at  its 
oiiter  end.  with  a  ^^olid  and  broad  cap 
of  iron,  of  suilicieut  diameter  to  ii:c'' se 
completely    the  end   of'  tlie    nave.       Tiic 


WH&J 


OTOLOPSDIA   OF  THE   USEFUL   ARTB. 


679 


axle-tree,  too,  is  formed  to  fill  the  box, 
and  press  up  close  to  this  iron  cap. 

High  wlieelrt  are,  in  bad  roads,  much 
preferable  to  low  ones,  except  where  the 
shape  of  any  ineouality  of  tne  road  per- 
mit* the  low  wheel   to  roll,  while   ihe 
larjrer  wheel  can  bear  only  on  tlie  edges 
of  the  hole  over  which  it  in  to  pass.   But 
the  increased  expense  and  weight  of  very 
large  wheels  put  a  Hmit  to  their  size,  be- 
yond   which   no  experienced  mechanic 
would  pnsis.     For,  altliousrh  the  mechan- 
ical power  of  a  wheel  in  surmounting  a 
given  obstacle  constantly  increases  with 
the   size   of  the  wheel,  it  docs  not  in- 
crense  directly  \n  proportion  to  its  height. 
It  increnses  hu*,  little  more  than  in  pro 
p(^rtion  to  the  Kqiiare  nMitJt  of  the  ilianic- 
U-r  of  the  wheel ;  so  that  if  n  wheel  pass 
over  nn    ohstaclo    with    a  given    power, 
thougli  it  may  he  made  to  pass  over  the 
puiiie   obstacle   with    half  inat  power  bv 
iiicreasing  liie  diameter  of  the  wheel,  it 
is  not  to  bo  expected  that  this  can  be 
done  by  making  the  wlieel  twiee  as  lartre  : 
for,  to  cllect  this  purpose,  awheel  of/owr 
tlt/us  the  former  diameter  must  be  em- 
ployed. 

Mr.  Edge  worth  showed  that  prncticc 
Agrees  with  theory.  A  wheel  of  seven 
inches  diameter,  loaded  with  twcjnty 
pounds,  remiired  eight  pounds  to  draw 
it  over  an  onstaele  of  one  quarter  of  an 
inch  higl),  whereas,  when  a  wheel  of 
twenty-eis:ht  incites  hicrh  was  eni]>!oyed, 
four  pounds  drew  the  same  load  over 
the  same  obstacle.  And  when  tlie  line 
of  draught  was  horizontal,  the  larger 
wheel  rer^uired  four  pounds  four  ounces, 
the  stnallcr  nine  pounds. 

It  appear-*,  tliat  the  hitrher  the  wheels 
the  more  advantajjeous  is  ilie  draught : 
but,  in  tact,  the  expcii!«e,  the  strcn'jth, 
and  the  weiirlit  of  wheels  must  V)C  taken 
into  account,  when  they  are  applied  to 
carriages ;  and  experience  has  deter- 
mined, that  the  host  lieiL'ht  of  wheels  is 
from  four  feet  six  incites  to  five  feet, 
for  coaches  and  carri!i<j"es  that  move 
swiftly;  and  that,  l^r  heavy  carriaL'fS, 
wheels  seldom  are  found  useful  beyond 
the  diameter  of  six  feet. 

As  narrow  wheels  always  sink  into 
the  ground,  especiilly  when  the  heaviest 
part  of  the  l»»:id  lies  upon  them,  they 
must  be  considered  as  Lfoiu'/  constantly 
up-hill,  even  on  level  irround.  And  their 
sides  must  sustain  a  L're.it  deal  of  tVic- 
tion  hv  rubbing  a.r!iiiist  the  rufs  made 
by  otliers.  Bur  both  the-e  incotive- 
niences  are  avoided  by  broad  wheels ; 
which,  instead  of  cutting  and  plouirjiing 


np  the  roads,  roll  them  smooth  and  har- 
den them,  as  experience  testifies,  in 
places  where  they  nave  been  used,  espe- 
cially either  on  wettish  or  sandy  ground. 
The  fore-wheels  of  all  carriages  ought  to 
be  so  high  as  to  have  their  axles  even 
with  the  breasts  of  the  horses,  which 
would  not  only  give  the  horses  a  fair 
draught,  but  likewise  cause  the  machine 
to  be  drawn  by  a  less  degree  of  power. 

"When  the  spokes  arc  inclined  to  the 
navcj  the  wheels  arc  said  to  bo  concave, 
or  dishing.  But  it  is  allowed,  on  all 
hands,  that  perpendicular  snokcs  are  pre- 
ferable on  level  ground.  The  inclination 
of  the  spokes,  tlieretbre,  which  may  ren- 
der conciive  wheels  advantageous  in  rug- 
ged and  unequal  roads,  renders  them  dis- 
advantageous when  the  roads  are  in  good 
order. 

M.  Camus  showed  that  the  line  of  trac- 
tion should  be  a  horizontal  line,  or  rather, 
that  it  should  always  be  vnraUd  to  the 
(jrouml  on  tchich  the  carruirjc  u  mocifi{i, 
both  because  the  h(^rsc  can  exert  his 
greatest  strentrth  in  this  direction,  and 
because  the  line  of  draucfht,  being  per- 
pendicular to  the  vertical  spoke  of  the 
wheel,  acts  with  the  greatest  possible 
leverage.  M.  Deparcieux  shows,  in  the 
most  satisfactory  manner,  that  animals 
draw  by  their  weight,  joined  to  the  tbroe 
of  their  nmselea.  In  four-footed  animals, 
the  hind- feet  are  the  fulcrum  of  the  le- 
ver by  which  their  weight  acts  agjdnst 
the  load,  and  when  the  animal  pulls 
hard,  it  depresses  its  rtiest,  and  thus  in- 
creases the  lever  of  its  weight,  and  di- 
minishes the  lever  by  which  the  load 
resists  its  ctForts. 

JS'nisf/tM/f  whffh. — A  patent  has  been 
taken  out  tor  dullim:  the  sound  of  wheels. 
In  this  instiince  the  invention  consists 
in  the  applic.ition  of  n  solid  band  of 
vulcanized  India-rubber  o\ er  tlie  iron 
tire  of  the  wheel.  The  India-rubber  is 
held  in  its  ])laec  by  the  tire  havinir  a  rais- 
ed rim  on  b-.th  sides,  and  l)y  its  own 
elasticity.  The  band  of  an  ordinary 
carriage  wheel  is  about  an  inch  to  one 
inch  and  a  luilf  in  thickness,  and,  un- 
less on  close  inspection,  no  diflcrcnce 
from  the  c<^)mmon  iroii-sliod  wheel  is  per- 
ceptible. \Ne  have  driven  some  distance 
in  a  ciirriaLTC  with  the  wlieels  so  shod, 
and  were  struck,  not  only  with  its  iioise- 
lessiicss,  but  at  the  j.enVct  smoothness 
ot"tlie  motion —tlie  w  fuels  biiiiu.  in  fact, 
spriiiLTs.  jui'l,  by  ilirir  cl  isti<'ity,  iriving 
a  Tfjliter  draiij-lit  titan  with  the  iron  tiic 
One  set  ot"  wliei-ls,  wliieh  ha\c  been 
dri\en  -I'loo  Miiles.   have   here  and   tlicre 
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a  trifling  cat,  bnt  show  no  appearance 
of  being  worn  out,  and  seem  quite  ca- 
pable of  another  three  or  four  tbooeand. 
An  iron  tire  is  generally  worn  out  in 
8,000  mileo,  so  that  the  India  rubber  tire 
has  so  far  proved  itself  the  more  lasting. 
It  is  certainly  a  great  addition  to  the  lux- 
ury of  a  carriage  to  have  it  run  without 
jar  or  noise ;  and  it  would  be  a  universal 
comfort  to  have  the  streets  of  cities 
without  the  present  incessant  rattle  of 
carria^rcs,  omnibuses,  &c. 

WHITE  LEAD.  CarbonaU  of  Lead  ; 
Painters^  White.  Lead  is  converted  into 
carbonate  in  the  following  way : — The 
metal  is  cast  into  the  fonn  of  a  network 
crating,  in  moulds  about  fifteen  inches 
long,  and  four  or  five  broad.  Several 
rows  of  these  are  placed  over  cylindrical 
glazed  earthen  potn,  about  four  or  five 
inches  in  diameter,  continuing  some  trea- 
cle-vinegar, which  are  then  covered  with 
straw ;  above  these  pots  another  range  is 
piled,  and  so  in  succession,  to  a  conve- 
nient height.  The  whole  are  imbedded 
in  spent  bark  from  the  tan-pit,  brought 
into  a  fermenting  stnte  by  being  mixed 
with  some  bark  used  in  a  previous  pro- 
cess. The  pots  are  left  undisturocd 
under  the  influence  of  a  fermenting  tem- 
perature for  eight  or  nine  weeks.  In  the 
course  of  this  time  the  lead  gratings 
become,  generally  speaking,  converted 
throughout  into  a  solid  carlwnate,  which 
when  removed  is  levigated  in  a  proper 
mill,  and  elutriated  with  abundance  of 
pure  water.  The  fplan  of  inserting  coils 
of  sheet  lead  into  earthenware  pipkins 
contiiining  vinejrnr,  and  imbedding  the 
pile  of  pipkins  in  fennenting  horse-dung 
and  litter,  is  row  little  used  ;  becauf»e 
the  coil  is  not  uniformly  acted  on  by  the 
acid  vapors,  and  the  sulphureted  hydro- 

§en  evolved  from  the  dung  is  apt  to 
arken  the  white  lead. 
In  the  above  processes,  the  conversion 
of  lead  into  carbonate  seems  to  be  ef- 
fected by  keepinjf  the  metal  immersed  in 
a  wann,  humid  atmosphere,  loaded  with 
carbonic  and  acetic  acids ;  and  hence  a 
pure  vinegar  does  not  answer  well,  but 
one  whicli  is  susceptible,  by  its  sponta- 
neous decomposition  in  these  circum- 
utiinces,  of  yielding  carbonic  acid.  Such 
are  tartar,  wine  lees,  molasses,  &e. 

Another  process  has  been  practised  to 
a  considerable  extent  in  France,  thouirh 
it  does  not  afford  u  white  lead  equal  in 
body  and  o[*aeity  to  the  i)roduct6  of  the 
prcccdijiff  operations.  M.  Thenard  first 
established  the  principle,  and  MM.  Brc- 
ciioz  and  Lescur  contrived  the  arrange- 


ments of  this  new  method,  which  was 
subsequently  executed  on  a  great  0ca1« 
by  MM.  Board  and  Brecboz. 

A  aubacetate  of  l^bd  ia  formed  br  di> 
gesting  a  cold  solution  of  uncryataiiized 
acetate,  over  litharve,  with  freouent  agi- 
tation. It  is  Bud  tbat  65  pounos  of  puri- 
fied pyroligrneons  acid,  of  spedflc  gravity 
1*056,  require,  for  making  a  nentral  ace- 
tate, 58  poouda  of  litham ;  and  hence, 
to  form  the  aubacetate,  three  times  that 
quantity  of  base,  or  174  pounds,  must  be 
used.  The  compound  ia  diluted  with 
water  as  soon  a«  it  is  formed,  and  being 
decanted  off  quite  limpid,  is  expoeed  to 
a  current  of  carbonic  add  gas,  which, 
uniting  with  the  two  extra  proportions 
of  oxide  of  lead  in  the  aubacetate,  pre- 
cipitates them  in  the  form  of  a  white  car- 
bonate, while  the  liquid  becomes  a  faintly 
acidulous  acetate.  The  carbonic  add 
may  be  extricated  f^om  chalk,  or  other 
compounds,  or  generated  by  combuetion 
of  charcoal,  as  at  Clichy ;  but  in  the  lat- 
ter case,  it  must  be  transmitted  through 
a  solution  of  acetate  of  lead  before  being 
admitted  into  the  subacetate,  to  deprive 
it  of  any  particles  of  sulphureted  hydro- 
gen. When  the  predpitation  of  the  car- 
bonate of  lead  is  completed,  and  well  set- 
tled, down,  the  supernatant  acetate  is  de- 
canted off,  and  made  to  act  on  another 
dose  of  litharge.  The  deposit  being  first 
rinsed  with  a  little  water,  this  washing  is 
added  to  the  acetate;  after  which  the 
white  lead  is  thoroughly  elutriated.  This 
repetition  of  the  process  may  be  indefi- 
nitely made  ;  but  there  is  always  a  small 
loss  of  acetate,  which  must  be  repaired, 
either  directly  or  by  adding  some  vine- 
gar. 

WHITING.  Chalk  carefhlly  cleared 
of  all  stony  matter,  ground,  levigated,  and 
made  up  into  smaJl  obloui;  cakes.  As  it 
is  often  used  aa  a  polishing  material,  it 
should  be  very  carefully  freed  from  all 
particles  of  flint  or  sand. 

WHITE  VITRIOL.  The  old  name  of 
sulphate  of  zinc.     (^<  Zinc.) 

VVHITEWASH.  A  mixture  of  whit- 
ing, size,  and  water,  for  whitening  ceil- 
inps  and  walls. 

W 1 NCH.  In  mechanics,  a  bent  handle 
or  rectangnlor  lever,  for  turning  a  wheel, 
grindstone,  &c.  The  term  winch  is  «lso 
popularly  applied  to  the  tcindlass.     (^* 

VVlNDLASS.) 

WINDLASS.      A  machine  used    for 
many  comtnon   purposes.     It  is  a  par- 
ticular modification   of   the   wheel    and 
,  uxle,  the  power  being  applied  bv  means 
j  of  a  rectangular  lever  or  winch.    The  arm 
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of  the  winch  represents  the  radius  of  the 
wheel ;  and  the  power  is  applied  at  right 
angles.  The  windlass  is  frequently  used 
in  merchant  ships  or  small  trading  ve«»- 
sels  instead  of  a  capstan  for  heaving  the 
anchors,  &c.  In  this  case  it  consists  of 
a  large  cylindrical  piece  of  timber  laid  in 
a  horizontal  position,  and  supported  at 
its  two  ends  by  two  pieces  of  wood  called 
kfiiffht-heads  placed  on  opposite  sides  of 
the  deck  near  the  foremast.  This  axle  is 
pierced  with  holes  directed  towards  the 
centre,  in  which  long  levers  are  inserted, 
called  handspikes.  It  is  furnished  with 
strong  pauU  U>  prevent  it  from  turning 
backwards  when  the  pressure  on  the 
handspikes  is  intermitted. 

WINDMILL.  In  mechanics,  a  mill 
which  receives  its  motion  IVom  the  im- 
pulse of  the  wind.  The  general  appear- 
tmce  of  the  windmill  is  familiar  to  every 
one.  The  building  containing  the  ma- 
chinery is  usually  circular.  To  the  ex- 
tremity of  the  principal  axis,  or  wind- 
shaft,  are  attached  rectanflfular  frames 
(generally  five),  on  which  doth  is  usually 
*  stretched  to  form  the  sails.  The  surfaces 
of  the  sails  are  not  perpendicular  to  the 
axis,  but  inclined  to  it  at  a  certain  angle, 
about  72^  at  the  extremities  nearest  to 
the  axle,  and  83^  at  the  farther  extremi- 
ties ;  so  that  their  form  is  in  some  degree 
twisted,  and  ditferent  iVom  a  plane  sur- 
face. Suppose  the  axis  to  be  placed  in 
the  direction  of  the  wind  ;  the  wind  will 
then  strike  the  sail  obliquely,  and  the 
force  may  therefore  be  rcsolveci  into  two 
parts,  one  of  which,  acting  in  the  direc- 
tion perpendicular  to  the  axis,  gives  a 
motion  of  rotation  to  the  sails,  and  con- 
sec^uently  to  the  wind-shaft,  from  which 
it  IS  communicated  to  tlie  machinery. 
The  wind-shafk  is  inclined  to  the  horizon 
in  an  anjEfle  of  from  8°  to  15°,  principally 
with  a  view  to  allow  room  for  the  action 
of  the  wind  at  the  lower  part,  where  it 
would  be  weakened  if  the  siiils  came  too 
nearly  in  contact  with  the  building. 

As  the  direction  of  the  wind  is  con- 
stantly changfing,  some  apparatus  is  re- 
quired for  bringing  the  axle  and  sails 
into  their  proper  position.  This  is  some- 
times eflfected  by  supporting  the  maehin- 
erv  on  a  strong  vertical  axis,  the  pivot  of 
which  moves  in  a  socket  firmly  fixed  in 
the  ground  ;  so  that  the  whole  structure 
may  be  turned  round  by  a  lever.  But  it 
is  now  urtual  to  oonstmct  the  building 
with  a  movable  roof,  which  revolves  up- 
on friction  rollers;  and  the  shaft  being 
fixed  in  the  roof  is  brouglit  round  along 
with  it.     The  roof  is  brought  into  the 
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required  position  by  means  of  a  flmatt 
vane  wheel  furnished  with  wind  sidls, 
which  turns  round  when  the  wind  strikes 
on  either  side  of  it,  and  drives  a  pinion 
which  works  into  the  teeth  of  a  large 
crown  wheel  connected  with  and  sor- 
rounding  the  movable  roof. 

0/  the /arm  and  position  of  th4  tails. — 
From  the  investigations  of  Parent  and 
Belidor,  it  appears  that  the  maximum 
effect  of  the  wind  on  the  sails  is  pro- 
duced when  their  indination  to  the  axis 
of  rotation  is  about  54|  degrees ;  or  when 
the  anale  of  weather,  that  is  to  saj^.  the 
angle  lormed  by  the  plane  of  the  sail  and 
the  plane  of  its  revolution,  is  85^  degrees. 
But  this  result,  being  obtained  fVom  con- 
sidering the  effect  of  the  wind  on  the 
sails  when  at  rest,  does  not  agree  with 
that  which  is  found  by  experiment.  In 
fact,  as  the  velodty  of  the  sail  tends  to 
withdraw  it  fVom  the  wind,  it  is  neces^ 
sary  to  counteract  the  diminution  of  force 
by  diminishing  the  angle  of  weather,  or 
to  bring  the  sail  into  such  a  position  that 
the  wind  strikes  its  surface  more  directly : 
and  since  the  velocity  of  the  different 
parts  of  the  sail  is  in  proportion  to  their 
distance  ft-om  the  axis,  it  follows  that  in 
order  to  produce  the  greatest  effect  every 
elementary  portion  of  it  ought  to  have  a 
different  angle  of  weather,  diminishing 
from  the  centre  to  the  extremity  of  the 
sail. 

From  the  experiments  of  Smeaton,  it 
appears  that  the  following  positions  are 
the  best.  Suppose  the  radius  to  be  divid- 
ed into  six  equal  parts,  and  cull  the  first 
part,  beginning  from  the  centre,  one,  the 
second  two,  and  so  on,  the  extreme  part 
being  six : — 

Anirla  Anffla  with  Ui« 

with  PIan«  of  Mntkm,  or 

No.  Xha  Axil.  Aug l«  of  WeMliar. 

1 7'20 180 

2 71   19 

3 72 IH 

4 74   16 

5 77i 12* 

6 83 7 

As  it  is  necessary  that  a  windmill  should 
face  the  wind  from  whatever  point  it 
blows,  the  whole  mill  is  made  to  turn 
upon  a  strong  vertical  post,  and  is  there- 
fore called  a  posi-miU  ;  but,  commonly, 
the  roof  or  head  only  revolves,  carrying 
with  it  the  windwheel  and  its  shaft,'  the 
weight  being  supported  on  friction  rol- 
lerf*. 

The  following  are  the  maxims  of  Smea- 
ton with  rcfirard  to  niilla: — 1.  The  velo- 
city of  windmill  sails*,  whether  loaded  or 
unloaded,  so  as  to  produce  a  maximum 


CVOLOPKDIA  OF  THl  DSKFUL  ABTS. 


•ffect,  U  n»»rly  «»  the  Telocity  of  the 
wind,  tlieir  nhiip*  «Qd  poJiiion  Iwing  tlie 
uiiie.  S.  The  loud  at  Iha  mininiiiTn  is 
nearly,  but  fomewhul  lew,  »  tlie  aquaM 
of  the  velocity  of  the  wind,  tlie  nhmpe 
and  ponilion  of  the  Bsila  beinu  the  smne. 
8.  Tlie  e9e«B  of  tlie  Buiiie  miili  atamaxi- 
miim  are  nc»r1y,  but  aomewliat  lei^s,  ts 
the  enbea  of  ilie  velocity  of  the  wind.    *. 

mmn  is  nearly  m  tlie  squares,  «nd  their 
elfeelH  aa  Hie  rube*,  of  their  mimber  of 
turnn  in  k  ziven  time.  6.  When  tlie 
mils  are  loaded  bo  aa  to  produce  a  maii- 
mom  etfect  at  a  (ti'*eii  velwity,  and  the 
velocity  o(  llie  vind  incrFaKes.  the  lou.l 
coniindiiiellieB.nie.thei   "     *  "    ' 


ties  cnriipared  are  itiore  than  dniibie  of 
thut  wlicre  the  civen  tnad  proiliice*  a 
maxuiinin,  the  etfccts  compared  inereiiHC 


callv  UB  the  railiii*  or  lenirtli  of  tbe  pai 
T.  ihc  load  at  ■  maximum  that  anila  of 
similar  llzu re  and  [lOBiiion  will  overconi 

motion  niil  be  aa  Ilie  ciil>e  of  the  niiliui 
S.   Tlic  effecia  of  ssilB  of  »iniilar  Bvni 

din«r°9.'Tlio  velocity  of'the  extriTnitii 

of  Dutch  sailn,  a"  well  a"  "f  'he  cnlnrired 

--  In  all  11 


that  the  planes  ofthe  mVt  intersect  each 
other  in  the  wind-shnf),  in  wliirh  caao 
they  are  called  iiriionlal  ainilmilU  ;  be- 

eel,  the  nils  have  a  horizonial  inollon. 
The  wind. shaft,  however,  tnicht  be 
placed  with  equal  advantajie  in  the  hori- 


lied  b>'  n 


The  firwt  of  these  mt 
!  practised  in  T»r1arv,  a 
^..  .  ..in  Spain;  iti.theBim| 
pmbnbly  the  best.  The  other 
rcqtiirea  the  sail  to  be  formed  ol 
flnp  movable  on  hjn 


le  of  tl 


r  only 


their  e-lc,-. 
n  prop.>!.vd  ; 


but  horiionlnl  windmill* 

ferior,  )n  point  or  cITect,  to  those  n hi.h 
have  verticnl  sails,  and  are  nccordiiuiiy 
seldom  met  with. 

On  BCconut  of  the  irrcanlsrilv  of  the 
movine  forc^,  and  the  interruption  of 
calm  weather,  mnchines  impelle<l  by  Iho 
wind  can  only  bo  used  advantacwc'-s'y 
Ibr  pnrpKSCB  wliicli  are  not  nreetit.  hiiiI 
_, — i_.:.y  I,  not   indispensable. 


Tlie  Chi 

f  pnrposcs  to  which  they  are  up 

!w.m  6e 

ds.  hmisine  oak  Kirk   for  Ii'n 

nlnir,  a. 

winB  iroiHl,   raisinif  water.  &i 

tvindm 

lis  were  bmnirhtintnlCnrfl|.efV.>n 

the  Kns 

nbniit  the  time  of  the  (?ri>!id» 

thev  II  r 

not  niitch  UM-d  in  thix  ronntrr. 

WlKDdW.     In  architMuiT.  nn  ninr- 

a  wall  tbr  the  admission  of  liirh 

to  the  interior.     In  di-tribntin 

winiiow 

s  BO  that  then  be  had  a  Midi 

cic'iicy 

f  liL'lit,   it  iB  usual  to  m.nltc  Ih 

intervals  hrtween   them   neve 

IT^  tl 

n    the   width   of   the    wind™ 

IT  iiinre  tlmn  two-widilis  of  Ih 

?:niic. 

Where  il  is  rc>iiiirr<l  to  asoertai 

iiclh;  breridlh.  an<l  In-ik'ht.  ai 
le  siinrire  not  nf  tlie  prilui 

WIMiSiil;.lH:lCKisi;iiiufi 
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The  operation  if*  perfonned  by  caatin?  or 
bammcrinjcr  Ihd  metiil  into  a  bar,  which  is 
then  Buccessively  drawn  throug'h  holes  in 
a  9teel  plate,  each  bein^  smaller  than  the 
other,  until  the  requisite  fineness  is  at- 
tained. The  hole*  through  which  ex- 
tremely fine  wires  of  platinum,  gold,  or 
silver  are  occasionally  drawn,  are  some- 
times made  in  a  diamond  or  ruby.  {See 
Gold  and  Silver.) 

WOAD.  A  continental  European 
plant,  which  yield?  a  blue  dye  to  woollen 
cloth.  The  large  leaves  are  gathered,  in 
Fr^mce,  severuT  times  in  a  year,  and 
ground  into  paste  at  a  mill.  It  is  then 
laid  in  heans  to  ferment,  forjned  into 
bulls,  and  aried.  The  dyers  pound  it 
nirivin,  and  ferment  it  with  water.  It  is 
tln-n  di-ij^olved  in  boiling  water,  and  a 
'2*>  h  si. ike  1  lime  added,  by  which  it  fer- 
ineuts,  turns  blue  and  reil,  and  tinally 
dyi's  woollens  green,  which,  in  the  air, 
clKini^e  to  blue.  VVoad  grows  luxuriantly 
in  till-*  eouMtry. 

WOOD,  in  plants.  physiolo£ric;»lly  con- 
sidered, is  the  support  of  ull  the  de- 
ci  I'lous  orirans  of  resjMration,  dicrostion, 
and  iin}>regnation ;  the  depo-iit  of  the  se- 
cretions peculiar  to  the  individual  spe- 
cie-* ;  and  also  the  reservoir  from  which 
th<*  newly  forming  parts  derive  theirsus- 
tenanoo  until  lliey  can  establish  a  com- 
niuuieation  with  the  soil.  It  consists 
or/tnieally  of  woody  tissue,  nnd  various 
kinds  of  vessels  surrounde<l  by  cellular 
ni  itter,  and  more  or  less  carefully  arran- 
iT*'  I.  lu  tlie  yoiinij^est  state  it  is  succu- 
lent an  1  brittle,  nud  is  of  nearly  the  same 
<|!i:ilitv  in  all  plants  ;  but  as  it  trains  aire, 
tlie  sides  of  the  wooily  ti-*sues  lx'<'oine 
Imrdeied  and  t'lickciu-il  hy  the  dcj^to-it 
wirhin  theni  of  iiiatt«-r  of  soliiliticali'di, 
an  1  wootl  then  assumes  the  colors  and 
Hppearances  peculiar  to  ditfiTcnt  species. 
In  the  youuiT  statt;  it  is  c:illfd  ftnjuc'tod  or 
alf'uriiurn  ;  when  hardened  iin<I  colored 
it  heconies  dnnini'n  or  Itrarticonil.  It 
abounds  in  nilroireu,  which  may  be  re- 
moved by  simple  \va>liinL'';  and  it  is 
su;ipo>eil  that  tlie  p"ti">hal'le  quality  of 
woo  I  is  owiiiiir  to  the  prcenco  of  this 
clement.  It  is  lu'lieved  that  tiie  prc^crv- 
iritr  jiower  of  certain  a/cnts  cmj'loyed  to 
render  wood  durahU- drpi-sids  upon  their 
renderiiiLT  the  a/.<'tized  matter  iii."-'>!ul»le. 
Wood  coal,  a  svnouMn  of  L>rown 

WOOD  ENGi:.\VlN(;.   (^Vf  Enoijav- 

isa. ) 

WOOD   Ol'AL.     An    nj.ali/ed    quartz 
occurriuLr  in  vatious  vcjctaMe  forms. 

W( )( )DSTo.\  K.     Pe'riticd  wood. 


WOOD  TIN.  An  opaqne,  flbrou. ,  and 
nodular  variety  of  oxide  of  tin,  of  a 
brown  color,  hitherto  only  found  in  Com- 

WOODY  FIBRE.  Very  slender,  trans- 
parent membranous  tubes,  tapering 
acutely  to  each  end,  lying  in  bundles  in 
the  tissue  of  plants,  and  having  no  direct 
communication  with  each  other.  They 
are  of  extreme  tenuity,  and  form  the  sub- 
stances cjilled  hemp  and  flax. 

WOOD  PRESERVATION.  If  proper 
ly  seasoned,  timber,  placed  in  a  dry  situa- 
tion with  a  free  circulation  of  air  round 
it,  is  very  durable,  and  hjis  been  known 
to  last  for  several  hundred  years  without 
apparent  deteriorution.  This  is  not,  how- 
ever, the  case  when  exposed  to  moisture, 
which  is  always  more  or  less  prejudicial 
to   its  durability. 

When  timlKT  is  constantly  under 
water,  the  action  of  the  water  dissolves 
a  portion  of  its  substance,  which  is  made 
apparent  by  its  becoming  covered  with  a 
coat  of  slime.  If  it  be  exposed  to  alter- 
nations of  dryness  and  moisture,  as  in 
the  case  of  piles  in  tidal  waters,  the  dis- 
solved parts  beiiifir  continually  removed 
by  evaporation  and  the  action  of  the 
water,  new  surfaces  are  e.\posed,  and  the 
wood  rapidly  decays. 

Where  timber  is  exposed  to  heat  and 
moisture,  the  albumen  or  gelatinous  mat- 
ter in  the  sapwot><l  speedily  putrefies  and 
decoinjwses,  causing  what  is  called  rot. 
The  rot  in  timber  is  commonly  divided 
into  two  kinds,  the  ntt  and  the  dri^  ;  but 
the  chief  dillVrence  between  them  is,  that 
where  the  timber  is  exposed  to  the  air, 
the  gaseous  pro<lucts  are  freely  evaporat- 
ed ;  whiUt,  in  a  coiitined  situation,  they 
combine  in  a  new  form,  viz.,  the  dry-rot 
fnuL^us,  whicfi.  deriving  its  nourishment 
from  the  tlcciiyimr  timber,  ot>».n  trrows  to 
a  Icnv'th  of  many  tV-et,  spreadin-j  in  every 
din-ction,  and  insinuaf inir  its  delicate  fi- 
bres even  throuirh  the  joints  of  brick  w;dls. 

In  addition  to  the  soiwces  of  ilecay 
above  mcntiiHied,  timber  placol  in  sea 
Water  is  very  liable  to  be  completely  de- 
stro\ed  by  the  iMrtbratioiis  of  the  worm, 
unk"<s  protertC'l  by  copper  sbcatliinLT. 

The  ne»*t  nu'thod  of  protectinir  wood- 
work from  dcca\',  when  e\}«i^cd  to  the 
weather,  is  to  paint  it  thorouL'hly,  so  x\J^ 
toj^revent  its  Immult  .'nVi-cfc*!  l>y  m(»isiurc. 

It  i^,  lio\vc\er.  most  important  not  to 
apply  paint  to  aJi\  \\  ood-w  oik  which  has 
Tiot  been  thoroUL'bly  sca-^<>iicd  ;  for  in 
this  cn-»'  llic  e\  :i|)'>rati'>n  of  the  sap  V)eing 
prevented,  if  dec(»m[M>>es,  ainl  the  wood 
rapidly  dcca\s. 
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Many  plans  have  been  proposed  for  the 
prevention  of  the  rot.  Eyan's  process 
consists  in  impregnating  the  timber  with 
corrosive  snbhmate,  thus  converting  the 
albumen  into  an  indecomposable  sub- 
stance. This  method,  although  not  al- 
ways successful,  is  undoubtecfly  of  great 
use,  particularly  where  inferior  or  imper- 
fectly seasoned  timber  has  to  be  used. 
It  is,  however,  said  to  render  the  wood 
brittle. 

Pavens^s  process  consists  in  impregnat- 
ing the  wood  with  metallic  oxides,  alka- 
lies, or  earths,  as  may  be  required,  and 
decomposing  them  in  the  wood,  forming 
new  and  insoluble  compounds.  The  usutQ 
preparation  was  first  injecting  into  the 
timber  a  solution  of  sulphate  of  iron, 
and  then  one  of  chloride  or  calcium.  An 
air  pump  was  u»ed  to  draw  the  liquids 
into  the  pores  of  the  wood.  Timber 
thus  prepared  will  not  bum,  but  only 
smoulders. 

A  process  invented  by  a  Mr.  Bethell, 
and  very  good  in  railway  works,  is  to 
impregnate  the  timber  with  oil  of  tar  : 
this  appears  to  be  verv  successful  in  pre- 
venting: decay,  but  tne  danger  of  acci- 
dents from  fire  is  much  increased. 

Dr.  Boucherie's  process  of  impregnat- 
ing timber  was  with  a  solution  of  sul- 
phate of  copper.  After  the  varnishing, 
the  appearance  of  the  wood  is  rich,  and 
is  said  to  be  permanent.  The  Dr.  con- 
fines his  application  of  it  to  the  soft  wood 
generally  ;  and  he  exhibited  at  a  French 
meeting  a  work-box  so  impregnated, 
made  of  a  tree  within  three  months  at\er 
it  was  cut.  He  showed  a  block  sawed 
into  three  sections,  but  not  disconnected, 
which  had  been  buried  for  six  years  in  a 
fungus  pit.  It  is  of  pine,  and  immediate- 
ly after  oeing  felled,  the  two  side  sections 
were  impregnated  by  means  of  the  natu- 
ral action  of  the  sap  vessels  of  the  wood, 
the  one  with  the  deuto-chloride  of  mer- 
cury (corrosive  sublimate,  as  recommend- 
ed "by  Kyan),  800  grammes  of  1-5  per 
cent,  strength  ;  the  other  with  Si)0 
grammes  of  sulphate  of  copper,  of  1-5  per 
cent.  The  centre  section  was  left  in  its 
natural  state.  The  block  shows  the  por- 
tions wliioh  were  left  in  a  natural  state, 
and  that  impreenuted  with  tlie  corrosive 
subliniiite,  e(iua]ly  and  completely  rot- 
ten, the  fibre  destroyed,  ana  the  wood 
crumbling  into  dust,  while  the  section 
marked  as  imnreirnated  with  the  sul- 
phate is  perfectly  sound  and  ^'ood.  It  is 
said,  that  traversers  and  sleepers  on  rail- 
ways so  impregnated  liave  been  used  six 
years,  and  arc  still  sound. 


WOOL.  A  term  a«ed  yeiy  iDdeflnit*- 
ly,  being  Applied  both  to  the  fine  hair  of 
animals,  as  sheep,  rabbits,  aome  spectee 
of  goats,  &c.,  and  to  fine  vegetable  nbroa, 
as  cotton  ^called  in  German  baumwolle, 
or  tr^'Woot)'j  bat  when  used  without  re- 
striction it  IS  generally  confined  to  the 
wool  of  sheep— A  sabstance  which,  from 
the  remotest  period  of  history,  has  been 
of  primary  importance  to  mankind.  In 
reference  to  textile  fkbrica,  sheep^a  wool 
is  of  two  different  sorts,  the  short  and 
the  long  stapled ;  each  of  which  re(|aireft 
different  modes  of  msnnfactnre  in  the 
prejMuration  and  spinning  processes,  t» 
also  in  the  treatment  of  tne  doth  after  it 
is  woven,  to  fit  it  for  the  market.  Each 
of  these  is,  moreover,  distinguished  in 
commerce  by  the  names  of  fleece  wooia 
and  dead  wools,  according  as  they  have 
been  shorn  at  the  nBoaT  annual  period 
from  the  living  animal,  or  are  cut  from 
its  skin  after  death.  The  latter  are  com- 
paratively harsh,  weak,  and  inci^ble  of 
imbibing  the  dyeing  principles,  more 
especially  if  the  sheep  has  died  of  some 
malijB:nant  distemper.  The  annular  pores, 
leadmg  into  the  tubular  cavities  of  the 
filaments,  seem,  in  this  case,  to  have 
shrunk  and  become  obstructed.  The 
time  of  year  for  sheep-shearing  most  fa- 
vorable to  the  quality  of  the  wool  and  the 
comfort  of  the  animal,  is  towards  the  end 
of  June  and  the  beginning  of  July  in 
England  ;  in  this  country  it  is  somewhat 
later :  generally  in  the  month  of  Au- 
gust. 

The  wool  of  the  sheep  has  been  sur- 
prisinglv  improved  by  its  domestic  cul- 
ture. The  mouJUm  ( Qvis  ariea)^  the  pa- 
rent stock  from  which  our  sheep  is  un- 
doubtedly derived,  and  which  ia  still 
found  in  a  wild  state  upon  the  mountains 
of  Sardinia^  Coreica,  Barbary,  Greece^ 
and  Asia  Minor,  has  a  very  short  ana 
coarse  fieece,  more  like  hair  than  wool. 
When  this  animal  is  brought  under  the 
fostering  care  of  man,  the  rank  fibres 
gradually  disappear ;  while  the  soft  wool 
round  their  roots,  little  conspicuous  in 
the  wild  animal,  becomes  singularly  de- 
velope<l.  The  male  most  speedily  under- 
goes this  change,  and  continues  everafter- 
ward  to  possess  far  more  power  in  modi- 
fying the  fleece  of  the  offspring  than  the 
female  parent.  The  produce  of  a  breed 
from  a  coarse-woolled  ewe  and  a  fiiie- 
woolled  ram  is  not  of  a  mean  quality  be- 
tween the  two,  but  halfway  nearer  that 
of  the  sire.  By  coupling  the  female  thus 
generated  with  such  a  nale  as  the  former, 
another  improvement  of  one  half  will  be 
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obtained,  affordinior  a  staple  three  fourths 
finer  than  that  of  the  graiidam.  By  pro- 
ccedins:  inversely,  the  wool  would*  be  as 
rapidly  deteriorated.  It  is,  therefore,  a 
matter  of  the  firxt  consequence  in  wool 
husbandry,  to  exclude  from  the  flock  all 
coarse-fleeced  rams. 

Long  wool  19  the  produce  of  a  peculiar 
variety  of  sli#^p,  ana  varies  in  the  lengrth 
of  its  fibres  from  8  to  8  inches.  Such 
wool  is  not  carded  like  cotton,  but  comb- 
ed like  flax,  either  by  hand  or  appropri- 
ate machinery.  Short  wool  is  seldom 
longer  than  3  or  4  inches;  it  is  suscepti- 
ble of  cardinjr  and  felting,  by  which  pro- 
cesses the  filaments  become  first  convo- 
luted, and  then  dcjisely  mntted  together. 
The  shorter  sorts  of  the  combing  wool  are 
used  principally  for  hosiery,  tTiough  of 
late  years  the  finer  kinds  have  been  ex- 
tensively worked  up  into  merino  and 
nionsseline-de-laine  tabrics.  The  longer 
wools  of  the  Leicestershire  breed  are 
manufactured  into  hard  yarns,  for  worsted 
pieces,  such  as  waistcoats,  airpets,  bom- 
Dazincs,  poplins,  crapes,  &c. 

The  wool  of  which  good  broadcloth  is 
made  should  be  not  only  shorter,  but, 
generally  speakintf,  finer  and  softer  than 
the  wonsted  wools,  in  order  to  fit  them 
for  the  full  ins:  process.  Some  wool-sort- 
ers and  wool- staplers  acquire  by  practice 
great  nicety  of  discernment  in  judging  of 
wools  by  the  touch  and  traction  of  the 
flnffers.  Dr.  Ure  made  a  large  series  of 
observations  upon  ditferent  wools,  and 
published  the  results.  The  filaments  of 
the  finer  qualities  varied  in  thickness 
from  1-llOOth  to  l-l.'iOOth  of  an  inch; 
their  structure  is  very  curious,  exhibit 
ing,  in  a  good  achromatic  microscope,  at 
intervals  of  about  l-:-.t)«.)th  of  an  inch,  a 
series  of  serrated  riuL's,  iinbrioated  to- 
wards eueli  other,  like  tlic  joints  o(  Eqin- 
setmUy  or,  rather,  like  the  scaly  zones  of  a 
Berpent\H  skin. 

There  ;ire  four  distinct  qualities  of  wool 
upon  every  sheep  ;  the  finest  being  upon 
the  spine,  f^"oni  the  neeU  to  within  six- 
inches  of  the  t;iil,  ineliidinfr  one  tiiird  of 
the  breadtli  of  the  h.iek  ;  the  second  co- 
vers the  flunks  between  the  thiirhs  and 
the  sliouiders;  the  third  elothentiio  neek 
and  the  rmiii*;  an-l  tiie  fourth  extends 
upon  the  Itiwer  ]iart  of  tiie  neck  and 
breast  down  lo  the  feet,  as  also  iinon  a 
j)art  of  the  siiouMers  and  the  thiL^is,  to 
the  l)ott.)ni  ot"  the  lii'id  .iii;irttr.  These 
sliould  h>'  torn  iisiiiidcr.  :ii:d  sorted,  ini- 
me  li.it«-ly  al'-rr  the  >lic:iriiiir. 

Tiic  harr>hn<-^fl  of  wools  is  depemlent 
not  solely  upon  the  breed  of  the  aninud, 


or  the  climate,  but  is  owing  to  certain  pe- 
culiarities in  the  pasture,  derived  from 
the  soil.  It  is  known  that  in  sheep  fed 
upon  chalky  districts,  wool  is  apt  to  get 
coarse ;  but  in  those  upon  a  rich  loamy 
soil,  it  becomes  soft  and  silky.  The  ar- 
dent sun  of  Spain  renders  the  fleece  of 
the  Merino  breed  harsher  than  it  is  in  the 
milder  climate  of  Saxony.  Smearing 
sheep  with  a  mixture  of  tar  and  butter  is 
deemed  favoraVjle  to  the  softness  of  their 
wool.  This  breed  flourishes  well  in  New 
England. 

All  wool,  in  its  natural  state,  contains  a 
qiiantitv  of  a  peculiar  potash-soap,  secret- 
ed by  tlie  animal,  called  in  this  country 
the  yolk  •  which  majr  be  washed  out  by 
water  alone,  with  which  it  forms  a  sort  of 
lather.  It  constitutes  from  25  to  50  per 
cent,  of  the  wool,  being  most  abundant 
in  the  Merino  breed  of  sheep ;  and  how- 
ever favorable  to  the  crrowth  of  the  wool 
on  the  living  animal,  snould  be  taken  out 
soon  after  it  is  shorn,  lest  it  injure  the 
fibres  by  fermentation,  and  cause  them  to 
become  hard  and  brittle.  After  being 
washed  in  water,  something  more  than 
lukewarm,  the  wool  should  be  well  press- 
ed and  carefully  dried. 

Wool  is  much  cultivated  in  the  New- 
England  States,  especiallv  in  Vermont. 

WOOLLEN  MANUFACTURE.  The 
sim])lcst  mode  of  giving  an  idea  of  the 
extent  of  operations  in  a  woollen  manu- 
factory, is  to  give  in  abridjjment  the 
heads  of  the  several  processes  which  the 
wool  undergoes  until  it  comes  out  fitted 
for  the  market.  Thus,  no  less  than  25 
processes  may  be  enumerated  : 

1.  Tliere  are  men  employed  in  sorting 
the  wools  of  many  qualities  and  countries. 

2.  There  is  a  machine  of  many  rollers 
with  teeth,  for  what  is  called  a^riUin^^ 
or  willowing  the  wool,  which  means  the 
opcninif  of  its  locks. 

3.  There  are  machines  for  scrUihVing  or 
combiner  it. 

4.  There  are  others,  Ciillcd  carders^  for 
fonniiiLr  slivci's,  or  short  rolls  of  the  wool. 

5.  There  is  a  travelling  or  slidinL'  ap- 
paratus called  a  InUy,  for  aluhhino  or  draw- 
HiiT  out  the  slivers  into  six  times  their 
length. 

0.  The  slubl)incs  put  on  spindles  are 
then  »]>>fn  by  means  of  innUs^  machines 
well  known  in  c<»tfon  factories,  nn«l  in- 
vented l>y  Oonipton,  who  lately  died  in 
poverty  at  Bury. 

7.  Tlie  thiiiid  is  then  formed,  bv  wo- 
men,  into  Ui/r/ifi  lor  the  looms. 

^^.  The  weavers  siz/'  and  dry  these 
warps  or  webs. 
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9.  They  then  fix  them  on  their  beams, 
and  weave  the  clothf  which,  as  deliverea 
by  them,  is  little  better,  or  firmer,  than 
stout  flannel. 

10.  This  cloth  is  then  fcoured. 

11.  It  is  afterwards  taken  to  the  Imr- 
lers^  a  room  of  women,  who  pick  the 
surface  and  clear  the  whole  from  foreign 
substances. 

12.  The  cloth  is  then  mUUd.  a  process 
most  curious,  in  which,  by  oeing  beat 
with  wooden  oammers  of  8  cwt.  each,  for 
15  or  24  hours,  the  threads  of  the  web 
are  driven  together,  and  the  width  re- 
duced ftx>m  11  quarters,  or  8  feet  8  inches, 
to  5  feot.  The  machines  are  called  stocks. 
The  backs  are  made  of  cast-iron,  and  the 
circular  blows  of  the  hammers,  and  the 
hannonv  of  the  result  is  astonisniiig. 

18.  The  next  process  is  to  confer  a 
soft  nap  on  one  side  of  the  cloth  |  and 
tlVis  is  effected  by  the  use  of  a  species  of 
thistle,  called  teasels^  the  heads  of  which 
are  pluced  in  frames,  put  upon  cylinders, 
and  against  these  the  cloth  is  worked  for 
6  or  7  hours,  by  which  means  a  delicate 
and  lustrous  nap  is  raised,  which  consti- 
tutes the  beauty  of  cloth. 

14.  It  is  then  boiled  in  water  for  two 
hours,  by  which  its  glossy  surface  is 
fixed. 

15.  It  is  then  eropt,  or  reduced  to  a 
level  surface,  by  means  of  sheer  spiral 
blades,  fixed  upon  a  cylinder,  invented 
by  Mr.  1.  Collier,  of  Paris,  a  process  for- 
merly perfonned  in  a  very  clumsy  man- 
ner by  huge  shears. 

16.  It  is  then  boiled,  (entered^  and  dried 
in  a  house,  at  a  heat  of  100°  or  120°. 

17.  It  is  then  worked,  or  rai^fd  again, 
by  means  of  tca.scls,  cullotl  ftioi/jtino. 

18.  It  is,  finally,  cropt  lengthwise  and 
bre^idtliwise. 

VJ.  At  tljis  period  it  unders^ocs  various 
hrHKliln/js^  by  nmchines  contrived  for  that 
purpose. 

20.  Imperfections  are  ih^n  Jine-draivn 
by  men. 

21.  It  is  pressed,  by  a  Brabmah's  by- 
dnuilic  press,  with  a  force  of  lOo  tons, 
between  hot  iron  plates. 

22.  The  pressed  face  is  taken  off  by 
sUttmimj  and  hruj<h'nitf. 

2:J.  It  is  ciitthd  or  folded  into  lengths, 
a.s  pieces  for  sale. 

2i.  If  blue,  the  wool  is  dyed  before  the 
mnnufjioturiiior. 

2').  If  black,  it  is  dved  after  bcingr 
milled. 

Such  are  the  numerous  steps  bv  which 
a  {»iece  of  supertiiie  woollen  cloth  is  pro- 
duced.    It  is  G  weeks  in  its  course,  or 


in  work.  The  weaving  oocnpies  8  or  4 
weeks,  and  is  the  only  part  of  the  process 
which  depends  on  the  workman. 

XANTHICACID.  An  acid  composed 
of  sulphur,  carbon,  hydrogen  and  o.vygen, 
obtained  in  combination  with  potassa  br 
agitating  sulphuret  of  carbon  mixed  with 
solution  of  pure  potassa  in  strong  alcohol. 
Its  compounds  are  mostly  t^f  a  yeUow  co- 
lor, whence  its  name.  Tiie  relative  pro- 
portions of  its  component  parts  have  not 
as  yet  been  satisfactorily  obtained. 

YEAST.  The  fermenting  froth  of 
worts 

YEAST,  ARTIFICIAL.  Mix  two 
parts,  by  weight,  of  the  fine  flonr  of  paJe 
barley  malt  with  one  part  of  wheat  flour. 
Stir  50  pounds  of  this  mixture  gmdaHlly 
into  lOO  quarts  of  cold  water,  with  a 
wooden  spatula,  till  it  forms  a  smooth 
pap.  Put  this  pap  into  a  copper  over  a 
slow  fire;  stir  it  well  till  the  temperature 
rise  to  fully  155°  to  160°,  when  a  partial 
formation  to  sugar  will  take  place,  but 
this  sweetening  must  not  be  pushed  too 
far :  turn  ont  the  thinned  paste  into  a  flat 
cooler,  and  stir  it  fVom  time  to  time.  As 
soon  as  the  wort  has  fallen  to  59°  Fahr., 
transfer  it  to  a  tub,  and  add  for  every  50 
quarts  of  it  1  quart  of  good  fresh  beer- 
veast,  which  will  throw  the  woit  into 
brisk  fermentation  in  the  course  of  IS 
hours.  This  preparation  will  be  good 
yeast,  fit  for  bakers'  and  brewers*  usee, 
and  will  continue  fresh  and  active  for  8 
davs.     It  should  be  occasionally  stirred. 

When  beer-barm  has  become  old  and 
flat,  but  not  sour,  it  may  be  revived  by 
mixins?  with  every  ouart  of  it  a  small  po- 
tato, boiled,  peelea,  and  rubbed  down 
into  a  paste.  The  mixture  is  to  be  placed 
in  a  warm  situation,  where  it  will  speed- 
ily sliow  its  renewed  activity,  by  ihrow- 
iuj?  uj>  a  froth  upon  its  surface.  It  must 
be  lorthwith  mcorponited  with  the 
douirb,  for  the  purpose  of  baking  bread. 
Wbeii  the  barm  lias  become  sour,  its 
acid  should  be  neutnilized  with  a  little 
powdered  carbonate  of  soda,  and  then 
treated  as  above,  when  it  will,  in  like 
manner,  be  revived.  A  bottle  of  brisk 
small  beer  may  furnish  fennent  enough 
to  form,  in  this  way,  a  supply  of  gcwd 
yeast  for  a  snuiU  baking. 

The  German  yeast  cmplovcd  bv  bakers 
in  bakiutroakes  and  otheryt/wf// bread,  is 
iniule  by  puttinir  the  U7if*rh>^f€  into  thick 
saoks  of  linen  or  hempen 'yarn,  letting 
the  liijuid  p:irt,  or  beer,  drain  awav; 
))l:icin<;  the  dniiiicd  sacks  between  boards, 
and  exposing  thom  to  a  graduallv increas- 
ing pressure,  till  a  mass  of  a  thm  cheesy 
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oonaistenoe  is  obtained.     This  cake  is 
broken  into  small  picoes,  which  are  wrap- 
ped in  Benarate  linen  cloths  ;  these  par- 
cels are  aiterwards  inclosed  in  wax-cloth , 
for  exportation.    The  yeast  cake  may  also 
be  rammed  hard  into  a  pitched  cask, 
which  is  to  be  closed  air-ti^ht.    In  this 
state,  if  kept  oool,  it  may  oe  preserved 
active  for  a  considerable  time.     When 
this  is  to  be  used  for  beer,  the  proportion 
required  should  be  mixed  with  a  quanti- 
ty of  worts  at  60^  Fahr.,  and  the  mixture 
letl  tor  a  little  to  work,  and  send  up  a  live- 
ly froth,  when  it  is  quite  ready  for  adding 
to  the  cooled  worts  in  the  fermenting  back. 
Yeabt,  Patent.    Boil  6  ounces  of  hops 
in  8  gallons  of  water  8  hours ;  strain  it  off. 
and  let  it  stand  10  minutes;  then  add 
half  a  peck  of  ground  mnlt,  stir  it  well  up. 
and  cover  it  over ;  return  the  hops,  and 
put  tho  same  quantity  of  water  to  thorn 
again,  boiling  them  the  same  time  as  be- 
fore, straining  it  oif  to  the  first  mash ; 
Btir  it  up,  and  let  it  remain  4  hours,  then 
strain  it  oA',  and  set  it  to  work  at  90°. 
with  8  pints  of  patent  yeast ;  let  it  stand 
about  20  hours ;  take  the  scum  off  the 
top,  and  strain  it  through  a  hair  sieve ;  it 
wul  be  then  fit  for  use.    One  pint  is  suf- 
fieient  to  make  a  bushel  of  bread. 

YENITE.  A  ferruginous  silicate  of 
lime,  from  Elba ;  named  bv  Lelifivre,  its 
discoverer,  in  honor  of  the  oattlc  of  Jena. 
ZAFFKE.  An  impure  oxide  of  cobalt^ 
obtained  by  exposing  the  native  arseni- 
nret  of  cobalt  broken  into  small  pieces  to 
I  lie  action  of  heat  and  air  in  a  reverberat- 
ing furnace,  bv  which  its  elements  are 
oxidizod,  and  the  greater  part  of  the  ar- 
senic driven  off. 

ZANTHOPICRTN.  A  bitter  principle, 
obtained  ft-om  the  bark  of  the  Zanthoxi/- 
lon,  airihaum.  It  forms  yellow  aeieular 
crystals,  insoluble  in  ether,  but  rciidily 
soluble  in  alcohol,  and  sparingly  in  water. 
ZAX.  In  architecture,  a  tool  for  cut- 
ting slates. 

ZECIISTEIN".  A  magncsian  limestone, 
lyinjf  under  the  red  sandstone. 

ZEIN.  A  substance  of  a  tough  clastic 
nature,  resembling  gluten,  but  said  to  be 
dej*titute  of  nitrojren,  contained  in  Indian 
wheat ;  the  produce  of  the  Zea  nun/M. 

ZEOLITE.  A  name  given  to  a  family 
of  minerals,  which,  when  heated  before 
the  blowpij)0,  melt  with  fon^idernble 
ebullition.  Tl»ey  mostly  consist  of  silica, 
alumina,  lime,  and  water. 

ZEKO.  A  term  generally  used  in  re- 
ference to  the  thermometer,  implying  the 
point  at  which  the  jrraduation  cornniences. 
The  zero  of  Reaumur's  and  of  the  centi- 


grade thennometer  is  the  fireezinff  point 
of  water.  The  zero  of  Fahrenheit's  scale 
is  82°  below  the  point  at  which  water 
conceals,  being  about  the  temperature  of 
a  mixture  of  a^t  and  snow.    JSee  Therm o- 

M£TBR. 

ZINC.     A  metal,  first  mentioned  by 
Paracelsus ;  bat  its  ores  were  known  at  a 
much  earlier  period.    In  commerce  it  is 
often  colled  s^lt^  ;  and  is  obtiuned  either 
from  the  native  carbonate  of  zinc,  called 
calamine,  or  from  the  native  sulphuret  or 
blende  of  mineralogists.    These  ores  are 
roasted    and    mixed   with    charcoal   or 
carboniferous  flux ;  the  mixture  is  pat 
into  a  kind  of  crucible  closed  at  top,  and 
perforated  at  bottom  by  an  iron  tube, 
wliich  passes  through   the  grate  of  the 
fVirnace  into  water ;  the  vapor  of  the  zinc 
distils  downwards  through  this  tube,  and 
is  condensed   in  the    water.    The   first 
portions  are  impure,  containing  arsenic, 
and  oi\en  cadmium,  in  which  case   the 
vapor  bums  with  what  the  workmen 
caii  a  brown  blaze  ;  when  the  Uue  blaze 
appears  the  zinc  is  collected.    The  zino 
of  commerce  (which  is  not  quite  pure) 
has  a  peculiar  bluish  color  and  lustre^  a 
lamellar  and  crystalline  texture,  and  its 
specific  gravity  is  about  7.    At  common 
temperatures  it  is  tough  and  intractable 
under  the  hammer:   and  when  heated 
to  above  500°   it  becomes  brittle,  and 
fuses  at  about  770**.    But   at   tempera- 
tures between  220°  and  820°  it  becomes 
malleable  and  ductile ;  so  that  it  may  be 
beaten  out  under  the  hammer,  and  rolled 
into  sheets  and  leaves,  and  drawn  into 
wire,  in  a  manner  extremely  remarkable 
when  its  highly  crystalline  texture  is  con- 
sidered,   l&ing  a  cheap  and  light  metal, 
and  one  which,  after  having  been  super- 
ficially oxidized,  long  resists  the  further 
action  of  air  ana  water,  it  has  lately  been 
much  employed  as  a  substitute  for  lead 
in   lining   water  cisterns   and    covering 
buildings  ;  it  has  also  been  latelv  employ- 
ed in  tho  curious  operation  ot  transfer- 
ring printing  (under  the  name  of  xinco- 
qraphy).     It  is  a  very  inflammable  metal, 
burning  in  the  flame  of  a  spirit  lamp  with 
a  brilliant   white   light;   but   the   oxide 
which  form?  interferes  with  its  continu- 
ous combustion,  which  can  only  be  car- 
ried on  at  a  luL'h  red  heat,  when  tho  va- 
T)or  of  the  metul  bums  with  an  intensely 
orif^ht  flame,  and  yields  at  the  same  time 
a  ijuantity  of  flooculcnt  oxide,  which  floats 
about  in  the  surrounding  air,  and  was 
formerly  called  phil()»<t}>h*rs'   uumJ,  p<>m- 
pholU,  ii\\(\  nihil  (tJimin,  The  equivalent 
of  zinc   is    32    and  that  of  its  oxide  40. 
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Though  zinc  is  apptarcntly  without  action 
upon  water,  vet  it  ib  a  most  oxidable  me- 
tiu  ;  but  the  "insolubility  of  it«  oxide  pro- 
tects it  from  farther  action,  bo  that  when 
a  film  is  once  formed  upon  it,  it  resists  fur- 
ther change;  but  when  a  little  acid  is 
prei»ent  in  the  water,  and  the  zinc  not 
quite  pure,  it  is  rapidly  acted  upon,  and 
oxidized  at  the  expense  of  tlio  water, 
which  evolves  abundance  of  liydro^en 
(when  dilute  sulphuric  acid  is  used), 
and  the  oxide  of  zinc  is  removed  and  dis- 
solved by  the  acid.  It  is  this  action 
which  renders  zinc  so  powerful  a  genera- 
tor of  electricity  in  the  voltaic  pile.  The 
Baits  of  zinc  are  mostly  soluble,  and 
have  a  naut^cous  astringent  and  metallic 
taste.  The  sulphate  of  zinc^  or  white  vi- 
triol^ ia  employed  in  medicine  as  an 
emetic  and  tonic,  and  the  oxide  and  car- 
bonate are  externally  used  in  the  form  of 
ointment.  The  cJiloruIe  of  zinc  is  a  co- 
lorless compound,  fusible  at  a  heat  a  lit- 
tle above  212°,  and  known  to  the  older 
chemists  under  the  name  of  butter  of  zinc. 
It  is  much  used  for  tJoldcring.  Brass  is 
an  alloy  of  zinc  and  copjxjr. 

Franlcliniie^  which  is  a  carbonate  of 
zinc  mixed  with  silicates,  ia  found  abun- 
dantly in  Sussex  and  Morris  counties, 
N.  J.;  almost  all  the  American  zinc  (which 
is  of  great  purity)  is  manufactured  from  it. 

{See  FBA^iKilMTE.) 


Zinc,  rolled  into  large  plates,  is  emploj- 
ed  as  a  substitute  for  lead  and  elates.  In 
the  roofing  of  buildings.  The  great  ad- 
vantage of  these  plates  of  zinc  is  their 
lightness,  being  only  about  one-sixth  ptirt 
of  the  weight  of  lead.  They  do  not  rest, 
which  is  another  groat  advantnge,  and 
has  led  to  the  employment  of  zinc  pipes 
both  for  cold  and  not  water.  No  cover- 
ing is  better  adapted  for  verandas  and 
summer  houses. 

ZIMOME.  That  part  of  the  gluten  of 
wheat  which  is  insoluble  in  alcohol. 
When  rubbed  in  a  mortar  with  powder- 
ed guaiacum,  it  produces  a  fine  blue  co- 
lor. 

ZIRCON.  'A  mineral  chiefly  composed 
of  zirconia  and  silica,  found  in  the  sand 
of  the  rivers  of  Ceylon,  and  occasionally 
imbedded  in  primitive  rocks.  It  is  of 
various  colors,  and  when  transparent  is 
sometimes  used  in  iewelry. 

ZIRCONIUM.  The  metallic  b«se  of 
zirconia^  an  earth  discovered  in  17s9,  by 
Klaproth,  in  the  jargon  or  zircon  of  Cey- 
lon. Zirconium  has  only  been  obtained 
in  the  form  of  a  black  powder,  which, 
when  heated  in  the  air,  bums  into  the 
oxide.  The  salts  of  zirconia  are  distin- 
guished from  those  of  alumina  and  glu- 
cina  by  being  precipitated  by  all  the  pure 
alkalies,  and  by  being  insoluble  when 
they  ai'c  added  in  excess. 


THE    END. 
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ADDENDA. 


HOSIEHT.  Thew  fobrice  am  m 
made  in  this  eonntry  with  (rrmt  rapiili 
by  the  aBniftiince  of  the  power-w.iiiii 
loom — an  inveiilioii  of  this  c< 
Thia  machine  does  tea  limes  th. 
whioh  is  done  dailv  by  n  Bingle  hi.i  : 
piece,  SB  inoheK  in  width  and  1  hh 
lone,  cnn  he  linit  in  one  minute.     Tl 


1  1S4.'>  at  12,500,000 ;  i 


-- - -*  oounlfy,  at  (Scn.OOO. 

PAINT  MINERAL.  Mr,  Blalte,  of 
Akron,  Ohio,  liaa  discovered  a  minenJ 
in  that  neigh Imrhood  Buitahle  tor  ordi- 
nary paint ;  when  llrst  duir  up  it  is  of 
the  conaiBlence  ofullow,  hardening  in  a 
ftw  dava.  »<.  an  t«  resemble  slnte.  "  It  Is  ! 
of  a  dark  bine  color,  and  la  impervlons 
to  water,  and  admila  of  n  (rood  poUeh. 
When  powdereti  and  mixed  with  linseeH 
oil.  it  has  the  appearanee  of  bli 


cess  puienled  in  England  by  Mr.  Payne 
(which,  in  itself,  is  a  modiflcation  of 
Paven's  French  proceas),  la  bow  ejlan- 
sivcly  carried  oat  in  this  country.  Two 
establishments  of  this  nature  are  situated 
in  the  Slate  of  New  York,  odd  at  Brook- 
lyn, and  the  other  at  Rochester.  In  tho 
latt«r  city  MesKrs.  Paraons,  Child,  and 
Rocheatcr,  have  made  an  ontisy  of  fSO,- 
Ono,  and  established  extensive  concerna 


naed  for  covering  canvas,  fence  , 
bame.  find  out-doorsheddine:  a*  ildoea 
not  nb»iorb  the  rain,  it  is  an  excrileiit 
eoverinji  In  sneh  allnationa.  It  consists 
of  ono  half  of  silica,  one  fonrtli  of  alu- 
mina, with  lesser  proportion  a  of  mnn- 
nesis,  bliick  oxide  of  iron,  snlphnret  of 


,    liir 


'e  been  found, 


1:^!::;; 


•  purpose 


PINMANUFA<TURK  This  bran 
of  industry  has  ndvanoed  much  furli 
and  more  rapidiv  in  this  ouinlry  than 
Endand.  In  one  raanufactoty  in  N 
Rnirland,  the  whole  manutiu'Iure  \*  ei 
ried  out  in  every  branch  by  nnichine 

Derby,  Tonn.,  the  pins  are  fastened 

the  paper  hv  madnnerv.     One  worn 

ponn  mto  a  hopper,  by  the  pillon  at  a 
time,  the  pins,  from  whence  they  eomf  I 


in  a  lartre  cylinder  M  feel  lonz,  and  6  feet 
inside  diameter,  made  of  boiler  iron,  one 
lull  f  in  ch  in  1  b  i  ckness,  strongly  ri  veted,  and 
capable  of  resistinff  a  pressure  of  severat 
hundred  pounds  to  tbes<)iiaTe  inch.  The 
cylinder  Is  placed  horizontal,  and  nused 
a  liltle  off  the  floor :  the  timber  is  drawn 

tmveltin'i  upon  a  railroad  that  runs  the 
entire  length  of  the  iron  cylinder,  tipon 
iron  wovs.  The  cars  and  timber  heing 
carried  inside  the  cylinder— tlio  bead  ot 
it,  wlii?h  weii-hs  £1  tons,  awiinir  to  and 
-ecurcly  fastened — steam  is  then  injected 
into  the  ciiindor,  eofteninRlb -*  — ■■ 


wood  and 


laofcoldw 

I  ;  the  crliniler,  and  the  mlmission 

■  ■  (hc/uwBiiins'flnidsin  jcls  (a  s< 

■  j  sulphate  i.f  iron).      A  %'BCniim 

'■■    ■  •■■- n  pump,  ill  will 


the  «fr.      Bene 


»  the  solut 
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ADDENDA. 


the  Talye  'm  opened  the  flow  of  the  solu- 
tion into  the  cylinder  is  immediflte  and 
rapid.  The  sulphate  of  iron  M>lntion 
flowA  into  all  the  open  pores  of  the  wood  ; 
after  a  few  minutes  this  is  drawn  and  the 
chloride  of  calcium  solution  is  admitted, 
which  mingles  with  the  iron  solution, 
decomposes  it,  and  forms  gypsum. 

The  wood  tluis  paynized  hums  with 
difficulty,  allowB  of  great  wear,  and  docs 
not  decay ;  alum  w  added  to  the  first  so- 
lution when  the  wood  is  desired  to  be 
rendered  incombustible.  The  time  re- 
quired for  payuizinj^  7000  or  8000  feet  of 
timber  (all  the  cylinder  will  contain)  is 
from  five  to  ten  hours,  depending  on  the 
size  of  the  timber.  When  the  process 
is  complete  the  cylinder  head  is  removed, 


the  oars  are  nm  oat  with  the  loftda  of 
wood  altered.  The  wood  has  acquired 
a  density  about  one-eighth  additional  by 
the  deposit  of  gypsnm  in  its  pores.  The 
wood  Uius  altered  receives  by  mere  rub- 
bing a  high  polish  equal  to  varnished 
vrood  'j  and  button  wood,  common  maple, 
and  birds  eye  maple,  are  mnch  improved 
in  appearance,  and  constitute  b««atifiil 
articles  of  furniture.  The  shade  of  the 
wood  is  darkened  by  the  iron  acting  on 
the  tannin  and  gallic  adds  of  the  wood. 
Wood  thus  paynized  is  fiiUy  protected 
from  dry-rot,  forms  valuable  joists  and 
beams  in  fire-proof  buildings,  and  would 
form  a  useful  material  in  plank  roads, 
and  as  aleepera  for  the  ndla  to  be  laia 
upon. 


